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-WHY THE WATER VAPOUR

Its importancein the atmospherigrocesses
V hydrologicakycle
V circulationsystems
Vradiationandenergybalance
V climatechange

Numerousnumberof moisturevariables

Climatologicallyessrecognized
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Harrison &Aplin2007;L i reha€2007;Trenberthet al.2011; Writeet al.2011;Pokamet al.2012;Fueglistaleet al.2013;Backest al.2015;Ryuet
al.2015;Vogelmanret al.2015;Virts & Houze2015;Lavers Villarini2 0 1 5 ;

Verticalstructure of atmospheriomoisturecontent: Pierrehumbertet al.2007;Holloway& Neelin2009; Kimet al.2009;Paltridgeet al.
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- AIM OF THE STUDY

Assessmendf the amount of water vapor in troposphere over Europe and Ndftstern

part of the AtlanticOcean-its temporal and spatial differentiatioA tropospheric water
vapour climatology

V Moisture contentregionalisationncludingspatialpatternsand vertical profiles

V Atmosphericcirculationimportancein formation and/or modificationof moisture
conditions



TropospherienoisturecontentoverEurope- a climatologicalperspective

ERAInterim REANALYSES
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- WORKFLOW / METHODS / RESUL
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Spatialpatterns
principal componenanalysisPCA
empiricalorthogonalfunction, EOF
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Verticalpatterns
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The mosfrequenttypesin selected
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Moistureinversions
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DEPTH JANUARY INTENSITY

60°N

50° N

40°N

60° N

-

3

& w

= A
20°W 10°W 0° 10°E 20°E 30°E 40°E 20°W 10°W 0° 10°E 20°E 30°E 40°E
0 1000 2000 km
[ | | . I

100 200 300 400 500 600 700 800 900 1000 1100 m 01 02 03 04 05 06 07x10'gkg’

Mean humidity inversion depthnd intensity

Kr a k-@arszawa, 22 January 2021



TropospherienoisturecontentoverEurope- a climatologicalperspective

Moisture content regionalisation
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Moisture conditions

1 spatiallynomogenoudow moisturecontent

2 no spatialhomogeneity

3 spatiallyhomogenoushigh moisturecontent
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- SUMMARYM. -

Analysis of temporal and spatial differences in water vapor content in the troposphere over Europe and the
Northeastern Atlantic has shown large seasonal differences in the distribution of air water vapor over the coul
of the year. The largestnnual TCWV fluctuationccursover land areasnd equals more than 2010 g =2imthe
eastern part of the study are®cean areas are characterized by values more than 50% lower, while the easter
part of the Mediterranean Sea has a TCWV range of abolt §.62.m

The seasonality index expressed via the TCWV ratio for spring and autumn cgnéates water vapor content
in autumn, although lower values are noted for water areas, where the air water vapor content is (on average)
20% lower in spring relative to autumn. This finding confirmssigaificance of evaporation surfaces

Research results generated by the study confirm the existence of differencesvartieal structureof air water
content in the troposphere over Europe and the Northeastern Atlantic. In this ssudglifferent vertical profile
types were identified for land areas and four types for water aredfiese sometimediffer substantially in

terms of standard deviationwhich is linked witlvariances in the physical characteristics of incoming air masses
Research has also shown the presencmoisture inversionaiot only in areas north of 68l but also in

temperate and subtropical zones. Inversions can occur in two different feupger and lower.

Analysis of the spatial structures of water vapor content in the troposphere over Europe and adjacent to the w
Atlantic Ocean has shown a strong regional pattern of moisture conditions in Europlkeanskefulness of TCWV
as an indicator of the continental nature of the climat&ix distinct moisture regions were identified in the study
area. Their characteristics were defined independently in absolute terms and in terms of averages for the whc
study area.
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The role ofatmosphericcirculation

1) Relationship®etweenmoisturecontentandselectedcirculationvariables
TCW\~ layerthickenessetween1000hPaand800hPa(O ),

SHUM- geopotentialheight, eastward(u) and northward (v) wind componentat pressurdevels 950hPg 850hPa 700hPg 500hPa
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4) Moisturetransportintensity
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- SUMMARY 2

Analysis of the role of atmospheric circulation in the evolution of moisture conditions at the continental and lo
scales has shown thatmospheric circulations oftenimportant in the winter, although water vapor content is
affected by both pressure system type (key role of seasonal high) and the direction of adveatioich in water
vapor is transported from over the ocean in the direction of land thank®tal circulation(key role of drifting

lows of extratropical areas) and in the northern direction.

Theinfluence of atmospheric circulation impacts not only water vapor content in air but also its vertical structu
although the atmospheric boundary layer is most pronounced over land areas in the winter with the occurren
of anomalies associated with atmospheric circulation type. However, most of the studg@esanot experience

a relationship between atmospheric circulation and water vapor content in air in sumifleny). Research has
also showra large moisture deficit in air masses on days with extreme TCWV valubgh suggests that

summer atmospheric precipitation over Europe is rooted first and foremost in convection processes, while wa
vapor streams play a secondary role
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- CONCLUSIONS

Theproblemof the spatialand seasonadlistribution of air moisturein Europeis lessoften discussedn the research
literature comparedwith e.g. air temperatureand atmosphericprecipitation However,it is highlyrelevantfrom an
environmentaland hydrologic point of view. Air moisture is also an important element of meteorologicaland
climatic models The study area consistedof Europe— the smallestof all continents Yet, Europefeatureshighly
complexair moisture conditionsdue to its geographidocation, relief, and influence of large water bodiesin the
area Thisappliesto the surfaceof the Earthaswell aslower troposphericlevels Thestudy attempted to identify

this differentiation and alsoexplainits causesvhereverpossible

Climatologi@analysigperformedfor the whole studyareausinghomogeneousnethodsseemsto be a goodstarting
point for further analysisemployingdata with better temporal resolution as well as data featuring additional
variablesncludingremote sensingnformation suchassatellite products Theaccuratecharacterizatiorof moisture
fieldsis neededin order to parametrizeclimateand mesameteorologicmodelsfor the purposeof improvingcloud

coverand precipitationforecasts
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Furtherresearch

V Variabilityand changeof the amountof water vapourin the troposphere

V Atmospheriaiversin Central Europe the extrasourceof moisture
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