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Abstract. We analyzed changes in surface relative humidity (RH) at the global scale
from 1979 to 2014 using both observations and HRArim datasetWe compare the
variability and trend of RH with those of land evapotranspiration and ocean
evaporation in moisture source areasoss a range of selectesjionsworldwide The
sourcesof moisture foreachparticularregionwere identified by integratingifferent
observational data andhocel outputsinto a lagrangian approachThe aim was to
account forthe possible role othanges irair temperature over lanth comparison to
seasurfacetemperatureg(SST) but also the role of land evapotranspiration and the
ocean evaporatioon RH variallity. Results suggest anagreement between the
interannual variability oRH and theinterannual variability of precipitation and land
evapotranspiration inegions vith continentallyoriginated huridity. In contrast albeit
with the dominant positive trenadf air temperatuSST ratio in the majority ofthe
analyzedregions the interannual variability of RH in thargetregionsdid not show
any significant correlation withhis ratio overthe source regian Also,we did not find

any significant associatiobetweertheinterannual variability of oceamevaporation in
the oceanic humidity source regions and RH in the tasgbns Our findings stress
the need for further investigation tfe role ofbothdynamic and radiative famts in the
evolution of RHover continental regions different spatial scales.

Key-words: Relative humidity; Evaporation; Evapotranspiratidvioisture Trends
Oceans.

1. Introduction
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Relative Humidity (RH) isa key meteorological parameter thatdetermine the
aerodynamic componerdf the atmospheric evaporative demand (AEBJang and
Dickinson 2012; McVicar et al., 20H. As such, changesn RH may impact
significantly the evolution of the AE¥VicenteSerrano et al.20143, with particular
implications for the intensity of thehydrological cycle (Sherwood, 2010 climate
aridity (Sherwood and Fu, 2014s well asseverity of drought eventfkébetez et al.,
2006; Marengo et al., 20D8

In a changing climate, temperature rises suggested by different climate scenarios
may impact the atmospheric humidityAccording tothe ClassiusClapeyron (CC)
relationship a temperature rise of £A9s sufficient to increase thequilibrium amount
of water vaporof the air by roughly 7%. Given the unlimited water availability in the
oceansas well as the projected temperature,risater vapor conteris expected to
increase at least in the oceanic areas,order tomaintain RH constanin future.
Particularly thereis empirical evidene on the increase in the water vapor content at
both the surface and upper tropospheric levels (Trenberth et al., 200 context,
numerous studiehiave supportedthe constant RHscenariounder global warming
conditions €.g.Dai, 2006;Lorenz andDeweaver 2007Willett et al., 2008 McCarthy

et al.,2009 Ferraro et al., 20)5In contrast, other studies supported the-stationary
behavior of RH, not only irtontinental areas located fatom oceanic humidity €.9.
Pierce et al., 2033 but alsoin humid regions €.g. Van Wijngaarden and Vincent,
2004). Assumingthe stationary behavior of RHhe influence oRH on AED may be
constrainedgiven thatany possiblechange in AED would be mostly determined by
changes irother aerodynamic variables (eay. temperature angind speedl (McVicar

et al.,, 2014 andb) or by changesn cloudiness and solar radiatigRoderick and

Farquhar, 2002Fan and Thomas, 20L3However,a range ofstudieshave supported
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the nonstationary behavior dRH under global warminggiving insightson significant
changesin RH over the past decadeA representative example Bimmons et al.
(2010) who compared gridded observational aednalysis RH dajasuggestin@ clear
dominant negative trend iRH overthe Nortlern Hemispheresince 2000Also, based
on a newlydevelogd homogeneougriddeddatabase¢hat employed the mosivailable
stations from the telecommunication system of the WMdllett et al. (2014) found
significantnegativechanges in RHwith strong spatial variabilityat the global scale
This global pattern waalsoconfirmed at the regional scaleyt with different signsof
changeincluding bothnegative(e.g. Vincent et al., 200%/icente-Serrance al.,2014h
2016; Zongxing et al. 2014 and positive trendse(g. Shenbin 2006 Jhajharia et a|.
2009;Hosseinzadeh Talaee et 2012).

There are differenhypotheses thagxplain the non-stationaryevolution of RH under
global warmimg conditionsOne of theehypothesess related to thelower warming of
oceans in comparison toontinental areagLambert andChiang, 2007 Joshi et al.,
2008. In particular specific humidity of air advected from oceans to continents
increases more slowly thaaturation specific humidityver land (Rowell and Jones
2006; Fasullo 2010 This would decreas RH over continental areasnducing an
increase INAED and aridity conditions (Sherwood and Fu, 2014Fome studies
employed global climate mdels GCMs) to support this hypothesisinder future
warming conditionge.g.Joshi et al., 200806 Gor man a n d; Binelahde r , 201
OO0 Gor ma n.,HowBverledpirical studies that support this hypesis using
observational datare unavailableMoreover, the observedecreasen RH over some
coastal areasvhich are adjacent tibeir sources ofnoisture adds further uncertainty to

this hypothesigVicente Serrano et al2014band 2016 Willet et al., 2014.



87 Another hypothesis to explain the nstationary evolution of RHs associated with
88 landatmospherefeedback processedifferent studies indicated thaatmospheric
89 moisture and precipitation are strongjljked to moisturerecyclingin different regions
90 of the world(e.g.Rodell et al., 201p Thus evapdranspirationmay contribut largely
91 to water vaporcontent andorecipitationover land(Stohl and James, 200Bosilovich
92 and Chern, 20Q6Trenberth et al., 200 Dirmeyer et al., 2009an der Ent &al., 2010.
93 Landatmospherideedback mayalsohavemarkedinfluence on atmospheric humidity
94 (Seneviratne et al., 20Q&)iven thatsoil drying can suppresyvapotranspiratigrredu@
95 RH and thus reinforce AED. All these processewould again reinforce soil drying
96 (Seneviratne et al., 200Berg et al., 2016

97 Indeed,it is very difficult to determine which hypothesianprovide an understanding
98 of theobservedRH trends at the global scalerobablythe twohypotheses combined
99 togethercan beresponsible for the observed RH trends in some regibiise world
100 (Rowell and Jones, 20Qdh additionto the aforementioned hypothesssmedynamic
101 forces, which are associated widtimospheric circulation processe&sn explain the
102 non-stationary behavior or RH worldwide.g., Goessling and Reick, 201However
103 defining the relative importance of these physical procaessdifferent world regionss
104 quitechallenging(Zhang et al., 2013; Laua and Kim, 2015)
105 The objective of thistudy is to compare the recent variability and trends of RH with
106 changes irthe two types of fluxes that affect RH: i) vertical fluxbsatwereassessed
107 usingland evapotranspiration and precipitation and ii) advediat was quantified
108 usingoceaic evaporationfrom moisture source areashe novelty of this work stems
109 from the notion thatalthough different studieshave alreadyemployedG C M 6asd
110 different scenarios toexplain the possible mechanismbehind RH changes under

111 warming conditionswe introduce anew empirical approachthat emplog different



112 observational data sets, reanalysis fields and a lagrahgsed approacmot onlyfor
113 identifying the continental and oceanic moisture areas for different target repians
114 alsofor exploiing the relevanceof the existing hypothesi® assesshe magnitude sign
115 and spatial patterns of RH trends in the past decdes global scale

116

117 2. Data and methods
118 2.1 Data
119 2.1.1.Observation RHlata set

120 We employed the monthly RH HadISDH dataset available through

121  http://www.metoffice.gov.uk/hadobs/hadisdh/This dataset representdhe most

122 complete and accuratgobal dataset for RHincluding observational data from a wide
123 range ofstatiors worldwide (Willet et al.,2014. Given that HadISDH incides some

124  serieswith data gapsour decision was tehooseonly those seriesvith no more than

125 20% of missing values over the period 12084.In order to fill these gaps, we created
126 astandardized regional serifes each statiomsing the most correlated series watich

127 target seriesWhile thisprocedure maintains the temporal variance of the origina) data
128 it providesalow biased estimationf the missing value In order to avoid biases in the
129 filling due to differences inhe distribution parameters (mean and variance) between the
130 candidate and the objective data series, a bias correction was performed on the
131 candidate data. Thus, normal distribution was used for bias corrett®H. The data

132 of the candidate series were-scaled to match the statistical distribution of the
133 observedseries to be filled, based on the overlapping period between esnall, a

134 final dataset of 3462 complete statiogganning different regions worldwide and
135 covering the period9792014 wasmployed in this work

136

137 2.1.2 Reanalysis RH dataset
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Daily dataof dewpoint (), air temperature (T) and surface pressurg) Bt a spatial

interval of 0.5° was obtained frorthe ERA-Interim coveringthe period 1972014

(http://www.ecmwi.int/en/research/climateanalysis/eranterim) (Dee et al., 2011) o

calculate RHwe followed the formulation used by Willett et al. (201#y the

HadISDH RH dataset® he reason for this is to make better comparable the RH obtained

from observations in the HadlSDH and the RH obtained from the-EfAim dataset

Based on theelectedrariableswe calculatedhe daily RH following Buck (1981)

YO pnnm

(1)

wheree is theactualvaporpressuren hPaandes is the saturated vapor pressiménPa

As a function of the wet bulbir temperature () in °C, e is estimated following two

different equations with respect to wdies. If T,, is above 0°Ceis calculateds:

8
Q ¢dpc@Awn P

Where Ty is the dew point temperature in °C

If Ty is below 0°Ceit is calculated as:

Q ¢ p p DG H— e

where
QA p X pm o8 @ pmD

MM p o pM TPYPTO

Where R\is the pressure at the height level.

T is obtained according Jensen et al. (1990):

and T is the 2 meters air temperature in °C

(2)

®3)

(4)
()

(6), where
(7)
(8)
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e Is obtained by substitutingg Dy T.
2.1.3 Land precipitation andiand air temperature

We employed thegridded land precipitation andsurfaceair temperaturedata (TS
v.3.23), provided by the Climate Research Unit (Uit)a 0.5°spatial interval for the
period 19792014 (Harris et al., 2014)This productwas developedisinga relatively

high number of observational sites, which guarantees a robust representation of climatic
conditions across worldwide regions. Importanthys producthas beercarefullytested

for potential data inhomogenities well as anomalous data.

2.1.4. Sea Surface Temperat(8ST)

We used the monthly SST dafidladSST3) compiled by theHadley Centrefor the

commonperiod 19792014 (http://www.metoffice.gov.uk/hadobs/hads3tFhisdataset

is provided at &.5°grid interval(Kennedy et al., 2011andb).

2.1.5 Oceanevaporationand continental evapotranspiratiatata

To quantifythe temporal variability and trendsf land evapotranspiratiomnd oceaic
evaporation, weemployedtwo different datasetdrirst, the oceani@vaporationwas
guantified usinghe Objectively Analyzed aisea Fluxes (OAEUX) product(Yu et al.,
2008)from 1979 to 2014which wasused toanalyzerecent variability and changes in
evaporatiorfrom global oceang§Yu, 2007).To account foland evapotranspiratiomve
employedthe Global Land Evaporation Amsterdam Mod@LEAM) (Version 3.0

(http://www.gleam.ey/(Miralles et al., 2011rom 1980 to 2014This data set has been

widely validated usingn situ measurements of surface soil moisture and evaporation

across the glob@Martens et al., 2016)

2.2. Methods


http://www.metoffice.gov.uk/hadobs/hadsst3/
http://www.gleam.eu/

188 2.2.1 Relative HumiditfRH) trends

189 We assessedhe seasonalboreal cold seasorOctoberMarch boreal warm season:
190 April-September) and annual trenoSRH for 19792014 using two different global
191 datasetsHadlSDH and ERAnNterim). To quantifythe magnitudef change irRH, we
192 used a linear regression analysis betwbenseries of time (independent variable) and
193 RH series (dependent variable). The slope of the regression irmibatemount of
194 change (per year), withigher slope values indicating greater chang® assess the
195 statistical significance of the detedilshangeswe appliedthe nonparametriManni

196 Kendall statisticwhich measures the degrés which a trend is consistently increasing
197 or decreasing (Zhang etl., 2001).To account for any possible influence of serial
198 autocorrelatioron therobustness athe defined trends, we appligte modified Manni

199 Kendall trend testwhich returrs the corrected {valuesafter accounting for temporal
200 pseudoreplicationn RH series(Hamed andRao, 1998; Yue and Wang, 2004he
201 statistical significance dhetrendwas tested at the 95% confidereeel (p<0.05).

202 Following the trend analysis results, we selected those regi@tshowed a high
203 agreementbetween HadISDH and ERMterim datasetsn terms of the sign and
204 magnitude of RH changes.eMerthelesswe alsoextenetd our selection to some other
205 regions, withlow stationdensityin the HadISDH dataset. This decision was simply
206 motivated by the consistent changes foamdr these regionss suggested by the ERA
207 Interim dataset. Foall the defined regions, we identified the oceanic and continental
208 moisture sources by means of tHEEKPART lagrangian model.

209

210 2.2.2 ldentification of continental and oceanic moisture sources

211 We usé the FLEXPART V9.0 particle dispersion model fadth the ERA-Interim

212 reanalysiglata.According to this modethe atmosphere is divided homogeneoursiy
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threedi mensi onal finite ed;))eacteepreserda(flacionefaf t er
the total atmospheric ma¢Stohl and James, 2004). These partictes/ be advected
backward or forward in time using thrdanensional windaken fromthe ERA-Interim
dataevery time step, with superimposed stochastic turbulentcandective motions.
The rates of increase (e) and decrda$ef moisture (g) along therajectory of each
particle were calculated via changes in the specific moisture (q) tiitle (ep =
mdgdt), wherem is the mass of the particl&imilar to the wind field, q is also taken
from the meteorologicallata. FLEXPART allows identifying the particles affecting a
particularregionusing informationaboutthe trajectories of these selected partickes.
description of this methodology detailed inStohl and James (2004).

The FLEXPART dataset used in this study was provibgda global expriment in
which the entire global atmosphergas divided into approximately 2.0 million
Apart i ciraeks were chnipeted usirtge ERA-Interim reanalysis data & h
intervals, at a @horizontal resolution and at a vertical resolutair60 levelsfrom 0.1

to 1000 hPakFor each particular target regiail the particles wergackedbackward in
time, and its position andpecific humidity (q) were recorded every 6 h. With this
methodology, the evaporatiwources and sink regions for the partialeaching the
targetregion can be identified. All areas where the particles gdineddity (E-P > 0)
along their trajectoriesowards the target region can be considessdi s 0 u ofc e s
mo i s tlucorgrastall areas witHost humidity(E -P < O)areconsicered agisinkso.

A typical period used to track the particles backward in timel@s daysthat is the
average residence time of wateapor in the global atmosphere (Numaguti, 1999)
However we followed the methodologyf Miralles et al (2016)where an optimal
lifetime of vaporin the atmosphere was calculated to reproducedbeces of moisture.

As such three steps were carried out in this order: i) all the particles that leave each
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target region were tracked back duritigdays andthé i ni t i aat ansualscale e s
were déined asthoseareaswith positive (E-P) values, ii) fromtheseii i ni t i sl sour c
all the particlesvere forward tracked during 1 i days individually, and (°)<0 was
calculated for these lifetime periods to estimate the precipitation contribmt@mthe

target regionijii) the optimal lifetime selected for each region vee®senaccording to

the minimum absolute differendeetween thd=LEXPART simulatedoreciptation and

the CRU TS v.3.23for each regioniv) and finally the backward tracking was
recalculated during these optimal lifetimes.

We defined theclimatologicalspatial extent of each source region corresponding to a
particular target region by applyiry95" percentile criteriorcomputed forthe annual

and seasonal (boreal summer and winter) positive)(eld (Vazquez et al., 2016

Then, for each year of the period, wstimatedthe total moisturesupgy from each
sourceregion

Also from FLEXPART simulations, we obtained the fractions of moisture from the
continental and oceanic sources annually and for each cold and warm season. The
purpose was to compare with the results obtained on the role of the land

evapotranspiration anccean evaporation of RH variability and trends.

2.2.3. Relationship between RH ahd selectetand/oceanic climateariables

Based on defining the spatial extent of each moisture source reggooalculated
annual, warm and cold season regional series olgan evaporation and land
evapotranspiration using th®AFLUX and GLEAM datasets respectively The
regionalseriesof ocean evaporation and land evapotranspiratiere createdising a
weightedaveragebased orthe season&alnnual fields of E-P)>0 (Section 2.2.2) This

approachallows creatinga time series thdietterrepresents thaterannual variability

10



263 of ocean evaporation and land evapotranspiration in the gguofemoisture for each

264  defined region. Following the same approache alsocalculatedthe regional series of

265 SSTcorrespondingo eachoceanic moisture source regidnkewise, we calculatedhe

266 regional series of land precipitation and air temperatoreeachtarget regionusing

267 CRU TSv.3.23datasetandthe ratio between air temperature in the target region and
268 SST in the source region.

269 For each target region, welatedthe regionakeries of seasonal and annual RH with the
270 correspondingegionaltimes series oéll aforanentioned climatic variablesiowever,

271 to limit the possible influence of the trends presented in theitdathon the computed

272  correlations, waletrendedthe seriesof the climate variablesprior to calculaing the

273 correlation We also assessed changeshe regional series of the different variables
274  their statisticakignificancewas testedy means othe modified ManrKendall testat

275 the 95% levelFor each target region, we summarized the results of the magnitude of
276 change in RH as well as othewestigated variables at the seasonal and annual scales.
277 However, to facilitate the comparison among the different variables and the target
278 regions worldwide, we transformed the amount of change of each variable to
279 percentages.

280 Finally, we also computed the association between RH and land evapotranspiration at
281 the annual and seasonal scales using the available gridded evapotranspiration series.
282 While a pixelto-pixel comparison does not produce a reliable assessment of the
283 possible contbution of land evapotranspiration to RH changes, given that the source of
284 moisture can apparently be far from the target region, we still believe that this
285 association can give insights on thpossible relationship betweerand

286 evapotranspiration on Rehanges

287

11
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3. Results
3.1 Trends in Relative Humidity

Supplementary Figure 1 shows the average seasonal and annual RH ¥aditady
Integrated Moisture Flux (VIME)which can be usetb estimate regions where the
precipitation dominates (negativalues) over the evaporation (positive valuésym

the ERAlInterim datasetRH shows higher average values over equatorial regions,
Southeast Asia and the North Eurasia region. The lower values are recorded over
tropicd regions, mainly in the North éinisphere. Spatial differences between the cold
and warm regions are very lowhe annual patteraf the VIFM over continents shows

that precipitation exceeds evaporation over the Intertropical Convergence Zone,
Southeast Asia and the islands between Paanificindian Oceans (Maritime continent),

a great part of &ith America, Central America,e@tral Africa, and northward to 40°N

in the Northern HemispherBvaporation is higher than precipitation over the main area
of Australia, the Pacific coast of Northn#erica, Northeast Brazil, areas around
Mediterranean Sea, Easterresiof Africa and southwest Asi&easonally it is evident

the poleward movement of the ITCZ during the hemispheric summer, and the change of
the pattem over North America and Eurasianntment.

Figure 1summarizeghe magnitude of change in RH for the boreal cold and warm
seasons and at the annwsmlale calculatedusing the annual and seasonal (boreal
summer and winterjor the period between 1979 and 20Fér HadISDH, it isnoted

that the availabl®H stationsis unevenly distributed over the globe, witigher density

in the midlatitudes of theNorthern Hemisphere Nevertheless, the availab&tations

show coherent and homogeous spatial patternsf RH changesin the borealcold
seasonthe mosimarkeddecreasevas observeth the Southwest and areasNirtheast

North America central Argentina, the Fertile Crescent region in western Asia,

12
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Kazakhstapas well asn the eastern China and the Korea PeninsDla theother hand
dominant RH increaseiasrecorded in largeareas, includingnost of Canada (mostly
in the Labrador Peninsulagnd large areasof North and central Eope and India
While the densityf completeand homogeneoluRH series is lowwe founda dominant
positive trendacrossthe wesern Sahel and South Africalhe ERA-Interim dataset
showedmagnituds of changeclose to those suggested by HadlSidaddition,the
ERA-Interim ako providesinformation on RH changes in regiongth low densityof
RH observations (e.g. East Amazonian, east Sahel anddteygestinga dominant RH
decrease across these regions.

For the boreal warm seasam clear tendency towards a reduction in RH was observed
in vast regions of the world, including (mostly theerian Peninsula, Francéaly,
Turkey and Morrocph Eastern Europeand western part of RussiaBased on the
available stationsacrosscentral Asia we also founda general reduction of RHa
similar pattern was also observedHast Asia, including Mogolia, eastChina, north
IndonesiasouthJapan and Korealhis reduction was alsootedSouth Americawith a
general homogermels patternover Peru, Boliviaand a strong decreasever central
Argentina.On theother hangdthe positive evolution of Rbservedduring the cold
seasoracrossCanada and Scandinawiaas reinforcedduring the boreal warm season.
In the west Sahel and Indiave found an upward trend &H. The ERA-Interim also
revealed astrong RH decrease over the whole Amazonian regiathe West Sahel
while a markedncreaselominated ovethe Andean region between Colombia, Ecuador
and North Peru In Australia, the spatial patternsere more complex than tse
obtainedusingthe available observatories.

The HadISDH dataset suggests gener&a decreaseof RH over Southwest North

America, Argentina,central Asia, Turkey, Mongolia and Chjnaith a particular

13
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reductionoverthe East Sahel, Iran, Mongolia and the eastern Asia. Quililee handa
dominant positive trendiasobserved acrosSanada, areas of North Soeth America,
the westrn Sahel, South AfricdNamibia and Botswanasomeareas of Kenia, India
and the majority of AustraliaA wide rangeof these region®xhibited statistically
significant trexds fom 1979 to 2014.(Supplementary Figure?). A statistically
significant negative trend was observed at the seasonal and annugl reaiategy in
mostof Soutkern America and Nortern America but inlarge regions of Africa, South
Europe, central and East Asia well Onthe other hangdareas of complex topography
in the Nortrern Hemisphere Australia, India, Northern South Ameriand Africa
showed positive trends.

Albeit with thesecomplex spatial patterresf RH changesthere is gglobally dominant
negative trendFigure 2) This patternwas observedusingboth theHadlISDH andthe
ERA-Interim dataset although there isnarkedspatial bias irdata availabilityof the
HadISDH Figure 3illustratesthe relationship between thmagnitudesof change in
RH, as suggestedby the HadlSDH datasetersusthe ERAlInterim datasetAt the
seasonal and annual scaldeere is arelatively high correlation(mostly above 0.55)
Given thishigh consistency between the HadISRHd the ERAInterim datasetsn
terms of both the magnitudend sign of changen RH (Figures 1 and 2) and also in
interannual variationsSupplementary Figure8 and 4), we decided torestrict our
subsequentnalysis to e ERAInterim datasetrecalling its dense global coverage
compared to the HadISDH

As RH is mostly dependent orchanges in specific humiditfg), thereis a dominant
high correlatiorbetween the interannual variability of RH an{Syipplementary Figure
5). In accordancethe magnitude obbservedchangein thesetwo variables shoed a

strong greementfor 19792014 Figure 4 smmarizesthe magnitude of change in

14
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specific humidity (g)as well aschanges in specific humidity necessary to maintain RH
constant a recoded in 1979 Specific humidity showedthe strongest decrease in
Southwest NorthAmerica, the Amazonian region, Southern South America and the
Sahel regionsa spatial patterthat issimilar to RHpattern Given the evolution of air
temperature between for 192914, these regions exhibiteml deficitof water vapor on

the order of2 g/kg™ in orderto maintainRH constant

3.2.Spatial patterns of the dependency between RH and climate variables

Based on thénigh agreement betwedhe HadlISDH and the ERAnterim datasetin
reproducing consistestasonal and annual trends in,R¥¢ selecteda range ofegions
(N=14) worldwide (Figure 5). For these selected regiong, assessed the connection
between RH and some relevant climatic variables for the period 2@ In addition,

we defined the oceanicand continental sources of mture corresponding to these
regions using the FLEXPART modéNe assessdtie optimal lifetime for each region
during 4 days in back for regiords5 and 711, during 5 days for regions 6,-13, and
during 7 days for region Esee section 2.2Figures6-8 show someexamples of the
dependency between RH adifferent climatevariables at the annual scaResultsfor

all regions at the seasonal and annual scales are presented in supplementary materials.

3.2.1. West Sahel

Figure 6(top) illustratesRH trends in the West Sahakingthe HadISDH and ERA
Interim dataset We also showedhe distribution of the average annuabisture
sources E-P in mm) over this regiorfor 19792014. As illustrated, the tanospheric
moistureis mostly coming from thevestern Sahel region itselfin addition to some
oceanic sources located in the central eastern Atl&tean. At the seasonal scale

there are some differences in the location thiedntensity of themoisturesourceswith

15



388 more oceanic contribution duririge boreal warm seasoHowever in both cases, the
389 continentalmoisture seems to be the key source of humidity in the reg®mppl.
390 Figures21and35). In other areas, e.the WesternEuropean region (Suppl. Figurés
391 and31l), we observed markedifferences in the location artle intensity ofhumidity
392 sources betweetine boreal cold and warm seasoRgure 6 (central) shows different
393 scatterplotsummarizingthe relationship betweenthe de-trendedannual series of RH
394 and those ofelevantclimate variables (e.g. precipitation, air temperaandSST).As
395 illustrated, thenterannual variability of RH in the regiondsrrelated tachanges irthe
396 total annual precipitatioand thetotal annual land evapotranspiration in tomtinental
397 souce region Specifically the correlation betweerthe detrended annual RH and
398 precipitation andand evapotranspiratiors generally abové®.8 (p < 0.05).In contrast,
399 RH showsnegative correlationwith air temperature and SS@atio overthe oceanic
400 source While the correlation is statistically insignificant (p>0.05), it suggests that
401 higher differencedetween air temperature and St&inforcelower annual RHALt the
402 seasonal scaleve found similar patterns (Supplementary Fig$.and 35), with RH
403 beinghighly corelatedwith land evapotranspiration during thereal cold and warm
404 seasonsNevertheless, in the warm seasansignificant negative correlatiomith air
405 temperature and SShatio was observed This pattern oncurs with thesignificant
406 increase inspecific humidity ) for 19792014 this is probablyrelated tothe high
407 increase in land evapotranspiration (19.5%,(05).

408

409 3.22.lLa Plata region

410 Figure 7 summarizes thecorrespondingresults, but forLa Plata region(South
411 America) Results indicate general decrease in RH at the annual and seasona scale

412 usingboththe HadlISDHobservational datandthe ERAlInterim datasetAs depicted,
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437

the main humidity sources are located in the saegon, combined with somether
continentalneighborareasover South AmericaA similar finding was also observed
the seasonal scale (Supplementary Figsand 39). Similar tothe West Sahel region,
we found a significant associatiorbetween the interannual variations of RH and
precipitation ad the land evapotranspiration in the continental source re§iomlarly,

we did not findany significant correlation between RH changes #melinterannual
variability of theoceaic evaporation in the oceanic source regaenwell ashe ratio
between air temperature in thentinental targetegion and SST in the oceanic source
region. Again, we founda negative correlation between RH aaid temperature/SST
ratio, though beingstatisticallyinsignificantat the annual scal@g@>0.05) In La Plata
region we noteda strong decrease RH (-6.21%decadgfor 19792014 which agrees
well with the strong decreasia absolute humidity. Thisegionis stronglyimpactedby
continental atmospherimoisturesourceswith a general decrease precipitation and

land evapotranspiratioduring the analyzed period

3.23. Southwest North America

Results forSouthwest North Americare alsallustratedin Figure8. In accordance with
both previous studied examples €8¢ Sahel and La P&t this egion also exhibited
strong and positive relationship between the interannvaaiability of RH and
precipitation and land evapotranspiratidinis patternwasalso recorded for the boreal
warm and cold seasons (Supplementary FigR8and42). In this region we founda
strong negative trenaf RH for 19792014 which concurs with theignificant decrease
of absolute humidityWe noteda significantincreasen air temperatureair temperature
andair temperature t&ST ratio, while a negative and statistically significant decrease

in landevapotranspiration in th@ntinentalsource of moisturewas observed
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3.24. Other regions

Other regions of the worldsee Supplementary MateriaBlso showd strong
dependency between the intannual variability of RH andthat of land
evapotranspiration in the land moisture sourc@eme examples includé/estern
Europe, Centratasern Europe, Southeast Eurgp&urkey, India and theast Sahel.
Nevertheless, the influence of land evapotranspiratiaavery different between the
boreal warm and cold seasons (e.g. Scandinavia, Geastl Europe and the
Amazonian region)in contrast other regionshoweda weakcorrelationbetween the
temporal variabilityof RH and land evapotranspiration in the moisture source regjion.
representativeexampleis Ching which witnesseda strongdecrease in RHor 1979
2014 This might be explained largely by the fact that relative interannual ET ioagat
are just much weaker in China compared to other regions so that thetsigoae
ratio is worse in Chindn thisregion RH changes correlated significantly with annual
precipitation only:a variable thatid not show significant changdésom 1979to 2014
(Supplementary Fidl1). Thisannual patternvas alscobservedor the boreal coland
warmseasongSupplementary Fig23 and37).

Nevertheless, although titerannual variability of land evapotranspiration in the land
moisture sourceshowed the highest correlation with RH variability in the majority of
the analyzedegions,air temperaturSST ratio in the oceanic moistursourcesalso
exhibitednegativecorrelatiors with RH in particularregions including West Sahel, La
Plata, West Coastf the USA, CentrakasernEurope, India, central North America and
the Amazonian regionThis finding suggest that higher differences betweeair
temperature in the target area @®8T in the oceanic moisture region would favor

decrease: RH.
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In summary changs in RH were mostly associated witlthe observead¢hanges idand
evapotranspiratioacross the selected regigfisgure 9).In contrastannualchanges in

RH did not correlate significantly with precipitatioair temperatu&SST and ocearc
evaporation For the boreal warm and cold seasons we found a similar pattern

(Supplementary Figel5 and46).

3.3.Global relationship between RH and land evapotranspiration

Figure 10depictsthe relationship between RH and land evapotranspirateasonally
and annually at the global scaMote thatthese are local ("pixddy-pixel”) correlations
and theinterpretation differs from the previous analysis where RH in target regions is
correlated with ET in corresponding source regidgessults revdastrongpositive and
significant correlations in large areas of the woflltle strongespositive correlations
were found in Central, West and Southwesoritth America, Argatina, east Brazil
South Africa, the Sahel, central Asia and the majoritpuadtralia. Nevertheless, there
are some exceptionmcludinglarge areas of the Amazon, China, central Africa and the
high latitudes of the Nort#rn Hemisphergwhere the correlationsiere negative In
general, the areas with positive and significant etations between RH and land
evapotranspiration correspa@dito those areas characterized by semiaadd arid
climate characteristics;ombinedwith some humid areas (e.g. Indiand northwest
North America).

Overall the global trends in land evapotramsgtion were spatially coherentith those
observedfor RH. Figure 11 illustratesthe spatial distributionof the magnitude of
change in annual and seasonal land evapotranspiration at the glob&lssnal®79 to
2014 As depicted, the spatial patterns lahd evapotranspiration changes resemble

those of RH(refer to Figure ). For example a positivetrend in the amual land
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evapotranspiratiomominatedover the Canadian regipmvhich agreeswell with the
general increase in Ridcross thaegion. On theother hand therewas a dominant
decrease in the annual land evapotranspiragicnoss vast areas of North America
which concurs also with th&trong decrease in RISimilar to the pattern observed for
land evapotranspiratiorRH increased particularly @ southwestNorth America In
South Americaboth variables also sh@d a dominant negative trend at thenaal
scale but with some spatial divergences, mainly in the Amazonian re@pecifically,
the western part of the basin showed the mastpdrtant decrease in land
evapdranspiration whereas thenost significant decrease in RHvas observedn the
eastern partin the African continentsome areashowed good agreement between RH
and land evapotranspiration changes, in terms of both the signagmtude This can
be clearly seem the West and East Sahel, whargtrong gradient in RH trend between
the West(positive) and the East (negative)was observedA similar pattern was also
observed for the NamibiBotswanaAngola regionNeverthelessptherAfrican regions
showed a divergent pattern between both variableee example ithe Guinea Gulf in
Nigeria andCameroon wherewe noteda strongincrease in land evapotranspiratias
opposed to RH changel Australia, although both variableshowed a dominant
positive trend they did not match exactly interms of the spatial pattern of the
magnitude of changé his is particularly because th&in increase in R wasfound in
the south, while the main increase in land evapotranspirat@s noted in the north of
the Continent The Eurasiancontinent showd the main divergencebetweenboth
variables. In the high latitudes of the contingherewasa dominant increase in both
variables For other regions (e.g. Western Europeg,noted adominant RH decrease

which was not observedor land evapotranspiratioA similar pattern was observed
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512 over east China,with a dominant RH negative trendand a positive land

513 evapotranspiratian

514 In any case, attributing causality to the observeddRBinges is quite complex given

515 divergences found at the global scade have computethe fraction of continentally

516 originated humidityfor each region and season and related this fraction to the strength
517 of the agreement betwe®H and Land evapotransation at the annual and seasonal
518 scales. Supplementary Table 1 shows the percentage of contribution of continental areas
519 to the total moisture in each one of the fourteen analyzed regions, which oscillate
520 between 31.6% for West Europe and 64% in North&agt. There is not a significant

521 relationship between these percentages of contribution aistrémgth of the agreement

522 between RH and land evapotranspiration obtained in each region (Supplementary
523 Figure &). This reinforces the complexity of attribugirchanges of RH ta single

524 factor. In any case, in some of the regidhat showsignificant changes in RH have

525 beenidentified, there are also changes in the total contribution from continental areas at
526 the seasonal and annual scales (SupplementaryeBigBi50). Both West Sahel and

527 East Sahel show increased contribution of continental areas. OthdrehandLa Plata

528 region, in which there is also a strong agreement between RH and land
529 evapotranspiration and that shows a significant negative trdoathnvariables, there is

530 a decrease of the continental contribution. This stresses the complexity of giving a
531 unique attribution to the observed RH changes.

532 In relation to the influence of the ocean evaporatiom,results confirm that thglobal

533 connedbn between oceamevaporation and changes in Rdtomplex On one hangdt

534 s difficult to establish a pixel per pixel relationstgmce the sources of moisture may
535 strongly differ at the global scal®©n the other handt is not feasibleto identify

536 moisture sources for each 0.5° pixeltlze global scaleHowever,we believe thathe
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537 analysis of the evolution o8ST and ocean evaporationfor 19792014 can give

538 indications orsomerelevantpatterns. Figurd?2 illustratesthe spatial distributin ofthe

539 magnitude of change of annual and seasonal SST and i©cesaporation

540 Supplementary Fighl showsthe spatial distribution of trendignificance As depicted,

541 complex spatial pattesrand high variability of the trendswere observedparticularly

542 for oceanc evaporation Furthermore,the spatial distributionof the magnitude of

543 changen annual and seasonal oc&aavaporationvasnot related to th&STchangs

544  (Supplementary Fig52). This finding suggestthat oceait evaporation is not only
545 driven by changes in SSThus, although some regions showed positive changes in the
546 oceanic evaporation, the amount of increase was much lower than that found for SST,
547 which suggests thatonly SST changes do not drive evaporatiahanges

548 (Supplementary Figurg3, Supplementary Tab®.

549
550 4. Discussion

551 We assessetthe temporal variability and trends olative humidity(RH) at the global

552 scaleusinga dense observational netwask meteorological stations (HadlSDthd

553 reanalysisdata (ERAInterim). Results revealedigh agreement of the interannual
554  variability of RH using both datasetfor 19792014 This findingwas alsoconfirmed

555 even forthe regions where the density of the HadISDH observatories was quite poor
556 (e.g. the northe latitudes and tropical and equatorial regiom®&@cent studies have
557 suggested dominant decreaseobservedRH during the lastdecade(e.g. Simmonset

558 al., 2010 Willet et al.,2014). Our study suggests dominant negative trends olLIRiHg

559 the HadlSDHdataset This decrease isostly linked to the temporal evolution of RH

560 during the boreal warm seasdfeverthelessptherregions showd positive RH trends

561 In accordance with the HadlSDH dataset, BiA-Interim revealeddominant negative
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RH trends albeit with a lower percentage of the totiaind surfacecompared tahe
HadISDH dataseflhesedifferences cannot be attributedthe selecteddatasetsgiven

that bothmostly agreeon the magnitude and sign of changasRH.

Observed changes in Riereclosely related to the magnitude athe spatial patters

of specific humiditychangesResults demonstrategeneral deficit of specific humidity

to maintain RH constant in large areafsthe world, including theentral and south
Northern America, the Amazonas and La Plata basins in South America and the East
Sahel. In otheregions RH increasedn accordance witthigher specific humidity.
Some studies suggested tbhangesn air temperatureould partly cancethe effectsof

the atmosphé&c humidity to explain RH change®.§. McCarthy and Tuomi, 2004;
Wright et al., 2010; Sherwood, 201Neverthelessalthoughair temperature trends
showedspatial differencesat the global scaleverthe past four decad¢d?CC, 2013,

our resultsconfirm thatair temperaturés not themain driver of the observedhanges

of RH globally. The ERAInterim dataset clearlghowed a close resemblance between
RH and specific humidity trends at the global sc@lds suggests thapecific humidity

is the main driverf the observed changes in timagnitude and spatial patteoh RH
during the past decades.

Overall, there isa strong agreement between the interannual variability of precipitation
and land evapotranspiration in the continental moisturegcsoand thenterannual
variability of RH in the different regiors. Moreover, we found a closspatial
relationship betweeRH changes over each of these regionstae@bserved changes

in precipitation andand evapotranspiratioaver the continental source regiorisand
evapotranspiration is also closely related to precipitation variability, so increased land
evapotranspiratioriends to be caused primarily by increased precipitatidmch is

accompanied by corresponding RH anomali€sese findings suggest thaat the
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amual and seasonal scalélse interannual variability of land evapotranspirativas
significantly correlated witiRH change®ver most ofthe continental areasdowever
this finding should be seen in the context Rbet ateach sitecannot bedeterminednly
by the landwater supplyfrom the siteitself, but it canfurther be controlled byand
evapotranspirationver remoteontinental areas

In general,our resultssuggest annfluence of laneatmospherevater feedbacksand
recycling processesn RH variability and trendsThis is simply becaus®ore available
soil humidity under favorable atmospheric and land conditiwosld result in more
evapdranspiration and accordingly higher air moisture (Eltahir andBras, 1996
Dominguez et al., 200&Kunstmann and Jung, 200Recalling thathe ocean surface
evaporates about 84% of the water evaporatet the Eart{Oki, 2005) the oceait
evaporation is highly importarfor continental precipitatio(Gimeno et al 2010)
However,the continental humidity sourcesn alsobe important Numerousmodet
based studies have supported the stiofigenceof land evaporation processes on air
humidity and precipitation over land surfaces.g. Bosilovich and Chern, 2006;
Dirmeyer et al.,, 2009Goessling and Reick, 20L1Moisture ecycling is strongly
important insome regions of the worlduch ahina and central Asia, the western part
of Africa andthe central South Americ@Pfahl et al., 2014van der Ent et al2010. In
Europe,Ruosteenojand Raisanen (2018hked RH variability to somemeteorological
variables(e.g. air temperaturgprecipitatior) in the Coupled Model Intercomparison
Project Phas8 (CMIP3) models Theyindicatedthat seasons with anomaloudigrge
precipitation which supply moisture to segjlare likely tocoincide withanomalousRH,
particularly in Nortkern Europe.They also concluded thah earlier springtimelrying
of soil in futurewill suppress evapotranspiratiamd further reduce Rkver land

Similarly, Rowell and Jones (200&nalyzed different hypothesesto explain the
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projected summer drying conditions in Europeaggesting thasoil moisture decline
and land sea contrast in lowetropospheric summercould be the key factors
responsible for this dryingThey conclucd that reduced evaporation in summeil
drop RHand henceeduced continental rainfalThese would impadoil moisture and
evapotranspiration process@sjucing a reduction ifRH andrainfall, througha range

of atmospheric feedbacki the same context, thenportance of moisture recycling
processedor atmospheric humidity and precipitation has been recently identified in
semtarid and desert areas of the world (Miralles et al.6201

Although our study was limited to specific regions across the world, results inttiatite
humidity in the analyzedregionsis largely originated overcontinentalrather than
oceanic areaslhis finding concurs withsomeregional studieshat definedsources of
moisture(e.g.,Nieto et al., 2014Gimeno et al., 2010; Drumond et al., 20Cdric et al.,
2016. Also, our results suggest strongassociatiorbetween land evapotranspiration
and RH variability which couldstresthe importance othumidity recycling processes
for explainingRH variability over continental areas.

In contrast to the general high correlations found betwleemterannual variability of
RH and land evaporatiorthe ratio between aitemperature and SST in the source
region didnot show significant correlations with RH changakbeit with the dominant
positive trendfound for this ratio in the majority of the analyzed regionsfferent
modelled climatestudies suggestl strong differences between land and ocean RH
trends as a consequence of tthiéerent warmingratesbetween ocean andcontinental
areas(e.g. Joshi et al., 2008Dessler and Sherwood, 2009 O6 Gor man and
2010) As the warming rates are generally slower over oceéhasspecific humidity of

air adrected from oceans to continemtsuld increasenore slowly than the saturation

specific humidity over landcausng areduction in RHRowell and Jones 2008)ue to
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637 this effect, RH will noremainconstant irareas located very far from humidity sources
638 aswarmerair temperatures under limited moisture humidity would reduce RH (Pierce et
639 al., 2013).Recalling the observed negative RH trend at many coastal regions over the
640 period 19792014, this study confirms that the distance to oceanic humidity sosrces
641 not a key controller othe spatial patternsef RH changesin many instances, we found
642 thatcontinental regionswvhich arevery far from oceans (e.g. Canada, central China and
643 Kazakhstan)recorded a positive RH trendhis finding indicates that whd different

644 model experiments fully supportatie hypothesighat the different warming rates
645 between oceanic and continental areasexplain theprojecteddecreasén RH under

646 climate change conditionsur results for 14 different regions in the wasltbw a non

647 clear influence of thair temperature to SST ratio explain the observed RH trends

648 possible explanation of these contiragfindings is related to the low differences in the
649 warming rates between the oceanic sources and continentalaizrget Wdound that-

650 in most of the caseshese differencewere notstrong enough to generatelaar effect

651 at the global scaJgarticularlywith the availablenumber ofobservationsThe dominant

652 negative correlatiorbetween RH and air temperatur8/S in the analyzed regions
653 though being wak, seems to support thismding.

654 Also, wedid not finda significantrelationship betweethe interannual variability of the

655 ocealc evaporation in the oceanic humidity source regions and RH in the target areas,
656 both at annual and seasonal scalédthough oceait evaporation is decisive on
657 continental evaporation (Gimeno et al., 2010), current trends iarRIHot related tthe

658 obseved oceait evaporation trends over the humidity source areagccordancevith

659 previous studiese(g.Rayner et al., 2003; Deser et al., 20108, faund a general SST

660 increasein the oceaniareas at the global scal@beit with some spatial exceptions

661 Nevertheless, thisncreasedoes notimply that oceait evaporationincreased at the
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same rateas SST. Here we indicatedthat oceait evaporation trend$or 19792014
showed strong spatial variability at the global scaleith dominantpositive trends
Nevertheless large areasalso exhibited isignificant trendsand even negative
evaporation trenddNhile SSTincrease is mainly associated withdiative processes
evaporatiomprocesseare mainly controlled by a wide rangernéteorological variables
thatimpactthe aerodynamic and radiative components of the atmospheric evaporative
demand (AED) rather than SST alone (McVicar et al., BRIPhis is consistentvith
the finding thatglobal mean precipitation or evaporation does scale with Clausiiis
Clapeyron (Held and Soden 200Bue to theunlimited water availabilityover oceans
air vapor pressure defics expected to bdriven by theClausiusClapeyron relation
However changes in solar radiation and wind spead also influencéhe evaporation
evolution(Yu, 2007;KanemaruandMasunaga2013).As such given the slow ocean
evaporation trends in large regions of the woRH trends in theanalyzedtarget
regionscan significantly be associated witkhearc evaporation Nevertheless;hanges

in othervariablescould also explain the relatidg small role of the oceanic moisture
sourcesn RH variability and trend$n the analyzedcontinental areasn this work,we
did not considethe fieffectivityo of the oceanienoisture(Gimeno et al., 201X)ecause
the water vapor evaporataaver the oceanic regisrcould not reach the target region
due to some geographical consttsife.g. topography)Also, we did not analyzehe
transport mechanisms betweére tsource and target areas. Moreowanjsture source
regions are not stationargs theintensity of humidity can vary greatfyom oneyear to
another(Gimenoet al., 2013) This aspecttould be another source of uncertainty in the
explanatory factors oturrent RH trendsFurthermore other different factors that
control atmospheric humidity and RHhave not been approached in this study

Sherwood (1996) suggested that Ridtributions are strongly controlled by dynamical
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fields rather than locadir temperaturesThis suggests thaatmaspheric circulation
processes could largely affect the temporal variability tieddsof RH. A range of
studies indicatesoticeable changes in Rlih response to lovfrequency atmospheric
oscillations such ashe Atiantic Multidecadal Oscillation (AMOandEI Nifio-Southern
Oscillation €.9.McCarthy and Toumi2004 Zhang et al., 2013prs well aghanges in

the HadleyCell (HC) (Hu and Fu, 200y Wright et al. (2010)employeda global
climate modelunder double C@concentrations to show thabpical and subtropical

RH is largelydependent on a poleward expansion of the Hadleyadkepening of the
height of convective detrainment, a poleward shift of the extratropical jets, and an
increasean the height of théropopauseAlso, Laua and Kim2015)assessedhanges in

the HC under CQ warming fromthe Coupled Model Intercomparison Project Ph&se
(CMIP5 model projections They suggest thatstrengthening of the HC induces
atmospheric moisture divergence and redut®posphericRH in the tropics and
subtropics This spatial pattern resembles the main areas showing negative trends in RH
in our analysis

Here, wefound that actual evapotranspiration processes fittva continental humidity
sourcesanbe relevant to explairecenttempoal variability and trendsf RH. Overall

the proposed mechanisms by Sherwood and Fu (2014) of increased aridity by enhanced
AED driven by lower RHunder a climate change scenasdully valid, regardless of
which factors cause thereduction of RH Seneviratne et al. (2002) usedregional
climate model combined witha landsurface scheme of intermediate complexity
investigate the sensitivity of summer climate to enhanced greenhouse warming over the
American Mdwest Theyindicatedthat vegetation control on transpiration might play

an important part in counteracting an enhancement of summer dogrigularlywhen

soil water gets limitedOther studies provide similar results in other regions usatl
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obsevational datge.g.Hisrchi et al., 2011) and modeltpus (e.g.Seneviratne et al.,
2006; Fischer et al., 2007)herefore the aridification processes would be even more
severe if the suppression of the land evapotranspiration is the main driver of RH
reduction Also, the AED canincreaseparticularly wherenhanced air drynessdriven

by soil moisture drynessnducing an increase iraridity and the severity of drought

episodes.

5. Conclusions
The main conclusiaof this study are:

1 There aredominant negative trends of RH and this decrease is mostly linked to
the temporal evolution of RH during the boreal warm sedsegative trends do
not show homogeneous spatial patterns, and some regions also show positive
trends.

1 There is a high agreemdmgtweerRH and specific humidity trends at the global
scale suggesting a moisture deficit in large areas to explain RH trends in
opposition to atmospheric warming.

1 In general we found significant correlations between the interannual variability
of land evapotranspiration and RH.

1 There are notorrelation between thatio of theair temperature over the target
regions and SST in the source regions and the RH variability.

1 There is not significant relationship between the interannual variability of the
oceanic evaporation in the oceanic humidity source regions and RH in the target
areas

1

1

Given strong relevance of understanding current RH trends at the global scale, further
research is still needed to consider other dynamic and radiative factors thatfechy
the temporal variability and trends of RH over continental regions.
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Figure 1 Spatial distribution of the magnitudéchange oRH (% per decade)ver the period 1972014 fromHadISDH (left) and ERA
Interim dataset (rightResults are provided for thmreal cold OctoberMarch)and warm(April-Septemberyeasons and annually.
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Figure 2:Relative frequencie@no) of theRH magnitude of change in the HadISDH and
ERA-Interim datasets. Color bar plotpresent the percentagestditions(from
HadISDH) and world rgions (from ERAInterim) with positive and significant (p <
0.05) trends (blue), positivasignificant trends (cyan), negatiuesignificant trends
(orange) and negative and significant trends (red).
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Figure 3:Scatterplos showing theglobalrelationship betweetine magnitude of change
in RH with HadISDHstationsand ERAInterim dataset at the seasonal and annual
scales. Colors represent the density of powaiith red color showing the highest density
of points.
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Figure 4:Spatial distribution ofhe seasonal and annual magnisfechange in specific humiditfg/kg?) (left) and the deficit/surplus of
specific humidity to maintain the RH constant with the levels of 1979 accordinglamthair tempetare evolution (from the CRUS v.3.23
datasetfor 19792014
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Figure 5 Distribution of the 14 world regionsvith high consistengin RH trendsbetween thédadISDH and the ERAnterim datasetsThese
regions wereselected for th&lentification of the oceanic and land humidity sources by means of the FLEXPART scheme.
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Figure 6 Top left: Annual RH humidity trends in tiWgest Sahel (region 6),0p right:
averaggE-P)>0 at the annual scale to identify the main humidity sources in the region
(mm yeat"). CenterRelationship betweethedetrended annual Ridndthedetrended
annual variablefor 19732014 Bottom: Annual evolution of the different variables
corresponding to the West Sahel region. The magnitude of changeaiiitanceof
the trends indicated for each variable.
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Figure 7 The same as Fi@.but forLa Plata(region9).

42



