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- WHY THE WATER VAPOUR -

Its importance in the atmospheric processes
v'hydrological cycle
v'circulation systems
v'radiation and energy balance
v'climate change

Numerous number of moisture variables

Climatologically less recognized
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- AIM OF THE STUDY -

Assessment of the amount of water vapor in troposphere over Europe and North-Eastern

part of the Atlantic Ocean — its temporal and spatial differentiation = tropospheric water
vapour climatology

v" Moisture content regionalisation including spatial patterns and vertical profiles

v' Atmospheric circulation importance in formation and/or modification of moisture
conditions



Tropospheric moisture content over Europe - a climatological perspective

ERA-Interim REANALYSES

European Centre for Medium-Range Weather Forecasts, ECMWEF
01.01.1981 —-31.12.2015 daily data

Surface: total column water vapour (TCWV)
relative humidity (RH) 350 hPa
sea level pressure (SLP) 400 hPa
wind (Uw, Vw) 450 hPa

500 hPa 20°W 10°W 0° 10°E 20°E 30°E 40°E
pressure levels: 550 hPa

600 hPa Europe & NE Atlantic
650 hPa 27°W —45°E & 33°N - 73,5°N

700 hPa
725 hPa Greenland excluded

750 hPa
775 hPa
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825 hPa
850 hPa

875 hP
900 hpz specific humidity (SHUM or q)

925 hPa relative humidity (RH)
950 hPa geopotential height
975-hPa wind (Uw, Vw)
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- WORKFLOW / METHODS
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Climatology of monthly water vapor content in the atmosphere (TCWV) (kg:m~2, coloured)
and relative humidity (RH) (%, solid lines) (1981-2015)
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Annual distribution of tropospheric moisture
content (TCWV, kg:m™):

A) cross-section along 50.25°N
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Standard deviations (SD) of monthly TCWV values (kg-m2) (1981-2015)
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Spatial patterns

principal component analysis, PCA
empirical orthogonal function, EOF
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The most frequent types in selected

20°W 10°W 0°

0 1000 2000k T T ™ months: A) JAN, B) APR, C) JUL, D) OCT

[ S | -
1a b 2 b 3 3 4a 4 52 6a

months
0 04 a7 10
la | 0617 | 0,356 | 0,594 | 0,413
2a | 0,487 | 0,333 | 0,347 | 0,397
Ja | 0371 | 0,301 | 0406 | 0,419

RDR values for distinguished types types
in selected months

land
da | 0418 | 0,388 | 0,311 | 0,314
5a | 0,296 | 0,331 | 0,364 | 0,296
ba 0,359 | 0,477 | 0,616 | 0,427
1b 1,074 | 0915 | 0,667 | 0,724
2b | 0478 | 0,439 | 0,331 | 0,375
water

3b | 0,342 | 0427 | 0,322 | 0,330
4b | 0,450 | 0,422 | 0,521 | 0,472
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Moisture inversions QIS — inversion strength [kg-kg1-m]

q — specific humidity [kg-kg]
Pmin— the height of the inversion top [m]

|I?'mm I?maxl

— the height of the inversion base [m]

pmax
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DEPTH JANUARY INTENSITY
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Moisture content regionalisation

TCWV, TCWV,;, dgso, dgso, 9700, As00r Aor RHoso, RHgsg,

delimitation validation

* Global Moran’s | statistics

I n Y, Y, w(x,— %) (x,- %) RMS Difference Ratio, RDR
S':' E:I: 1 (x-' —X }L RDR = Dic1 k-1 NN, ) DI Z}Ni‘l ey S(Xik’xjk) £k
n n P 25:1 Nk(Nk_l) 2521 Zle 11\21 Ni{l S(xik>le)
So = Xi=1 Zj=1 Wi, ]

X, X;— values of compared features
X —mean value

w;;— spatial weight between iand j

Range Ratio, RR

* k-means method
v' PCA
v V-fold cross-validation
v" Pseudo-F statistics

__ max(x;)-min (x;)
RR = max(X)—min(Xx)
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Moisture conditions

1 spatially homogenous low moisture content

2 no spatial homogeneity

3 spatially homogenous high moisture content

Moisture regions

70°N

South Atlantic

| ¥/

2 Mediterranean

60° N

3 Mid—-Continental South

= L)
2 34 Mid—Continental North
= &5 Mid—Atlantic
rd _ Arctic
| BN
20° W 10°W 0° 10°E 20° E 30°E 40°E

Krakéw — Warszawa, 22 January 2021



Tropospheric moisture content over Europe - a climatological perspective

moisture regions
-9 [ S —— —5

f950

TOWV, |

q500 i

TCWV
Qaso

Q% |

Q0

G0 |

Towv, |

f700 i

f850 HEH-H—-—— — - - - — - =]

f500 I

Global Lower Quartile \‘
Global Lower Whisker

-_.,_\

Global Median

l

Global Upper Quartile

-

|

L
j Group Mean

Group Min

= Global Upper Whisker
T
\ Qutlier /

Group Max

South Atlantic region

2 0 2
standardized values

Krakéw — Warszawa, 22 January 2021

aile | 5 g g SIS

1 O (g-kg™) 70 0958 53 93 — | Fo—
2 Qu (okg”) | 44 0404 36 55 — [ —r
3 O (g-kg™) 22 013 19 26 —_ | o
4 O (g-kg™) 08 0,062 07 0,9 — | H——
5 q, (gkg™) | 22 0294 17 30 — [ fe——
6 T (%) 837 4276 67,2 882 vmnt——H S
7 fa (%) 629 5413 410 727 ——— | [—
- (%) 430 6136 280 536 w—e— [| —
9 f (%) 440 6504 292 545 —_— |
10 f, (%) 156 1,232 132 193 b ] ——
1M1 TCWV (kg'm™) | 19,3 2154 144 2472 T e
12 TCWV, (kg'm™) | 52 0386 43 6,1 sov— [ o—|
13 TCWV, (kgm™) | 116 0978 95 157  +—He[ J—++




Tropospheric moisture content over Europe - a climatological perspective

- SUMMARY 1 -

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 course
of the year. The largest annual TCWV fluctuation occurs over land areas and equals more than 20.0 kg:m=2in the
eastern part of the study area. Ocean areas are characterized by values more than 50% lower, while the eastern
part of the Mediterranean Sea has a TCWV range of about 5.0 kg-m=.

The seasonality index expressed via the TCWV ratio for spring and autumn confirms greater 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 confirms the significance of evaporation surfaces.

Research results generated by the study confirm the existence of differences in the vertical structure of air water
content in the troposphere over Europe and the Northeastern Atlantic. In this study, six different vertical profile
types were identified for land areas and four types for water areas. These sometimes differ substantially in
terms of standard deviation, which is linked with variances in the physical characteristics of incoming air masses.
Research has also shown the presence of moisture inversions not only in areas north of 60°N but also in
temperate and subtropical zones. Inversions can occur in two different forms — upper and lower.

Analysis of the spatial structures of water vapor content in the troposphere over Europe and adjacent to the west
Atlantic Ocean has shown a strong regional pattern of moisture conditions in Europe and the usefulness of TCWV
as an indicator of the continental nature of the climate. Six distinct moisture regions were identified in the study
area. Their characteristics were defined independently in absolute terms and in terms of averages for the whole
study area.
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The role of atmospheric circulation

1) Relationships between moisture content and selected circulation variables:

TCWV — layer thickeness between 1000 hPa and 800 hPa (H233%,),

SHUM - geopotential height, eastward (u) and northward (v) wind component at pressure levels: 950 hPa, 850 hPa, 700 hPa, 500 hPa

2) PCA — EOF - dominant pressure patterns

Atmospheric circulation vs. moisture — Pearson’s correlation coefficient between TCWV (TCWV,,) and EOFs

3) Atmospheric circulation typology: advection + pressure system

4) Moisture transport intensity

1 . dp ) ( 1. dp )
IWVF = (— —-— d — |
\/ go I” “ an T) go I“ v an L

IWVF — integrated water vapour flux (kg-m=-s71)
q — specific humidity (kg-kg ~1)

g 0 — gravity acceleration (m-s)

u —wind U component (m-s?)

v—wind V component (m-s1)

p — pressure (Pa)

n — hybrid vertical levels
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geostrophic

wind direction (°) symbol circulation type
338-22 N Na/Nc
23-61 NE NEa/NEc
68-112 E Ea/Ec
113-157 SE SEa/SEc
158-202 S Sa/Sc
203-2417 SW SWa/SWe
248-292 W Wa/We
293-3317 NW NWa/NWc
_ - CalCc
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JANUARY

JULY
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1 —negative, 2 — 0 hPa, 3 — positive

Spatial patterns of SLP anomalies (hPa, left) for leading EOF modes and their relationship with TCWV (Pearson’s correlation coefficient,
right) in selected months
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January

April

July

October

Spatial patterns of SLP anomalies (hPa, solid lines) for two leading EOF modes calculated for days with extremely high moisture
content and their relationship with TCWV extremes (Pearson’s correlation coefficient, in color) in selected months
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|WVF - eastward IWVF - northward

Vertically integrated water vapor flux,
IWVF (kg-ms?) for selected months
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Anomalies of total column water vapor (TCWV) and total column water vapor flux (IWVF) for selected advection types
in particular months — Grey shadows indicate absence of advection type occurrence
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- SUMMARY 2 -

Analysis of the role of atmospheric circulation in the evolution of moisture conditions at the continental and local
scales has shown that atmospheric circulation is often important in the winter, although water vapor content is
affected by both pressure system type (key role of seasonal high) and the direction of advection — air rich in water
vapor is transported from over the ocean in the direction of land thanks to zonal circulation (key role of drifting
lows of extratropical areas) and in the northern direction.

The influence of atmospheric circulation impacts not only water vapor content in air but also its vertical structure,
although the atmospheric boundary layer is most pronounced over land areas in the winter with the occurrence
of anomalies associated with atmospheric circulation type. However, most of the study area does not experience
a relationship between atmospheric circulation and water vapor content in air in summer (July). Research has
also shown a large moisture deficit in air masses on days with extreme TCWV values, which suggests that
summer atmospheric precipitation over Europe is rooted first and foremost in convection processes, while water
vapor streams play a secondary role.
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- CONCLUSIONS -

The problem of the spatial and seasonal distribution of air moisture in Europe is less often discussed in the research
literature compared with e.g. air temperature and atmospheric precipitation. However, it is highly relevant from an
environmental and hydrologic point of view. Air moisture is also an important element of meteorological and
climatic models. The study area consisted of Europe — the smallest of all continents. Yet, Europe features highly
complex air moisture conditions due to its geographic location, relief, and influence of large water bodies in the
area. This applies to the surface of the Earth as well as lower tropospheric levels. The study attempted to identify

this differentiation and also explain its causes wherever possible.

Climatologic analysis performed for the whole study area using homogeneous methods seems to be a good starting
point for further analysis employing data with better temporal resolution as well as data featuring additional
variables including remote sensing information such as satellite products. The accurate characterization of moisture
fields is needed in order to parametrize climate and meso-meteorologic models for the purpose of improving cloud

cover and precipitation forecasts.
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Further research:

v’ Variability and change of the amount of water vapour in the troposphere

v Atmospheric rivers in Central Europe — the extra source of moisture
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