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SUMMARY METHODS
3 Along-term (850-2100) simulation was performed with the Community Earth System Model (CESM

1.0.1), using a modified reconstruction of total solar irradiance, volcanic forcing and the RCP8.5 forcing

3 We analyzed the long-term links between the Integrated Vapor scenario (Fig.1);

Transport (|VT) and precipitati()n regime Changes IN \Western Europe 3 IVT fields were computed and compared against precipitation and surface temperature series for the
entire domain (Fig.2) and for regional boxes in the UK and Iberia (Figs. 3 and 4) for extended winter

3 A clear link with near-surface temperatures Is found, being this (October-March);

particu|ar|y notable for the Post-Industrial peried, and expected to 3 Changes In Circulation Weather Types (CWTs, Fig.5) and large-scale dynamical VS thermodynamical

_ changes in circulation where analyzed (Fig.6);
exacerbate further due to Global Warming, to unprecedented levels. | | | | .
3 These circulation features were compared with frequency and preferred location of Atmospheric Rivers

3 However. rainfall regime responses are dissimilar for regional (ARs) and associated moisture corridors, explaining projected regional rainfall changes (Fig.7);
domains. While in the UK rainfall increases along with IVT, for Iberia it
decreases considerably. Moreover the relatively steady link at decadal
and multi-decadal scales between IVT and precipitation, for UK and

North Atlantic Integrated Water Vapor Transport—From 830 to 2100 CE: Impacts

Iberia, appears to be lost in Iberia along the 215t century. on Western European Rainfall

| | - | Paper published In
3 Taking all the above into account, the combination of the following p p B

mechanisms should explain these projections: Journal of Climate Ot ool o o S R e
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1) Increase in UK precipitation due to the increase of westerly (S()usa et al., 2()2())
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2) Decrease In Iberian precipitation due to an Increase In the okt e et A s ot s oo i st
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capacity of a warmer atmosphere, despite enhanced moisture “““m m
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3 We also show how the expansion of the subtropical high pressure

l. Introduction
& Supplemental information related to this paper isavailable ai

I I I h'f f - - f h - |I':_- Joumals Online website: https/doi.org/10. 11757 CLI-D-19- ]1- e F st atic '-i.1r1'i.1|1i|i['.. irL e 1- F”— : linked
belt leads to a poleward shift of moisture corridors and of Atmospheric withth itenty and attdinatlocaton f vater vapo
In f f ]-"l ?I_'
. = h h I . *Cument affiliation: Schoaol of Earth Sciences, Univemity of ;[||'_I-1|I_i F Mg [,_|| _I:J_J__ _"-..[ e el i |I: N} ]_:. “_r \L.r at 1 r

R t N t At t Melbourne, Melbourne, Victoria, Australia 2015). that is. a | vd o IJ. of hit |.
IVEIS 1N € or antic. L'ull:irl[[:.t;[ri.::::d rrmr “: Imw lef Vapor LEanspo :rnn.
Corresponding auwhor. Pedm M. Sousa, ppsousa@fc ul pi gam parbcular relevance. These structures are responsible

DO 10U TS ICLE D-19-(548.1

& 2019 A mencan Meearaogical Socety. For mformation regandmg rewse of this content amd general opynight miormation, consult the AMS Copynight
Policy { wew . ametsoc org P U BSR suseLicenses)



mailto:ppsousa@fc.ul.pt

U I_l SBI]A UNIVERSIDADE L. INSTITUTO U S I n g a. I O n g -te rl I l C I I I I l ate S I I I l u I a.tl O n tO ad d reSS fUtu re C h an g eS I n The financial support for this work was possible through the following FCT
DELISBOA - DOM LUIZ project: HOLMODRIVE - North Atlantic Atmospheric Patterns influence on
> - - = - - Western lberia Climate: From the Lateglacial to the Present [PTDC/CTA-
Western Europe precipitation regimes due to global warming
b
u = = = - - = - V4
f, Pedro M Sousa®, Alexandre M Ramos, Ricardo M Trigo®, Christoph C Raible@3), M Messmer(3), Joaquim G Pinto®, Ricardo Tomé®) FCT
arlsruher Institut fr Technologe (1) Instituto Dom Luiz (IDL), Faculdade de Ciéncias, Universidade de Lisboa, 1749-016 Lisboa, Portugal (ppsousa@fc.ul.pt) ; (2) Oeschger Centre for Climate Change Research, University of Bern, Bern, Switzerland;
(3) Climate and Environmental Physics, University of Bern, Bern, Switzerland; (4) Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany Ermmn B A Ot © & onalogia
o | J North Atlantic & Europe long-term Temperature and IVT variability
0 ' j . I | i i i I | I i : | i
o 200 400 00 800 1000 1200 1400 1600 :1 800 2000 A ' Tem perature :
e S v, [ 12r vT 115 Significant increase
0.4} | | 2 : | il . .
| ,_/ ; " since the Industrial
0 2(I)0 4(130 6(|)0 800: 10100 12I00 14IOO 16I00 :1SIOO 20I00_ i era” and prOJeCted tO
o 5, \ O 10~ wolt Spérer Maunder | Dalton _ _.exacerbate during the
I a‘b % —~— minimum minimum minimum : minimum n II ‘_(2
! € v . | = 215t century
| . e | ' |’||. I
1364 - ' E | | |'=,;|II ! --6,_)
. , . L . | L . EE | ‘ ‘ : | i'w]| :Ei
200 400 600 800 1000 1200 1400 1600 1800 2000 . _ | | | _ : _ I . ll"l'ill_| | ]
Pasture 6)00/1/ g— 8 h- | ,l,_l- I |I'l| Ii,' iy --J Wi ‘!l |1 i L) N r| \ f J |’J '| l- |‘I, {1 ir|| | | I | || | | ! ‘ i i “' | ||'| e ol ”] 99 ;
' ' ‘ E I i i ||I “II II ' ) |\ || |||l|']H ' 1 i || -I'_I | “'I,I- AL (b Il b | || |l Al ' _,'!' L | |'1'.'f' !I.'I 'I' | ' -
T : Q | A "I , R PT d il i " l i ' W i 1|\I it ||" I"'i T W gy 1 VT | I| |I h‘ || II_ . i ‘ i |j | Ul | Il;lw il ||I|| HJ || 1 i il '
. i L | It il il | TSl | l“ir‘ i || it A |I|'l"u' F' i "' | A ot n I| . e |||. : ﬂ'l | il -'III [N %
al : ) = | | H AR | A i Loy e il L .l I|n U 'fir'"' M )
I ' | LA .|I 1 | ! | naidll | | | . A [ I| | | | _
| R S ol S l 4l | Ara LB RIS AR =
200 400 600 800 1000 1200 1400 1600 1800 2000 - o | ! ' ! |
o ébe’ :E 0o ”ﬁ | :F |
of i / 60- e | : Largest Pre -Industrial
o | - W : | :
2| i VA o © \I/ \I/ \I/ NI/ NI/ \I/ \I/ changes related to
i 2c|)o 460 erlJo &scl)oI 1oloo 12|00 14|00 u;go I1800 2o|oo 450[/1/ 0° 4 - R = 080 ‘ ‘ ‘ ' :‘ ) ‘ ‘ ) ‘ T 75 majOr VOICan|C
Volcanic 30° W 150 W Samalas I;nknﬁwn Huaynaputina Grlrfinibjotn Tambora Santa Maria Pinatubo _
200 — | , I | | | | | ocation | | | | akKi | | I eruptIOnS
100 | IL [ | 1 FIg.1 71 Left: Presciibed forcing me-chanisms. for thg transient simulation using CESI\/I during the 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 9100
N AT | PO N | P I. L 850-2100 CE period. Note the spin-up forcing period for the greenhouse gases prior to 850.;
200 400 600 800 1000 1200 1400 1600 1800 2000 Right : Regional boxes (UK and Iberia) considered in this work. Mean surface temperature and Fig.2 T Long-term variability of mean extended winter (October-March) temperature (red) and IVT (blue) for the domain
Crop . . . . . . . . .
01| o ] IVT fields were computed for the blue boxes and precipitation for the red boxes. presented in Fig.1 - thicker lines are the 30-year smoothed series. Major eruptions are represented in the bottom section of the
-l figure, and light red/blue shadings denote warm/cold eras.

a) N | Link bletween I\|IT and telmperatu:’e chang? in the B’lritish lsltles | | - a) Link between IVT and precipitation change in the British Isles
! : 20 | | | | | | | . | J 100
| Concurrent increases | |
1.5 | —15 i ! |
; between IVT and near - 15 | e _
L : ; ! Opposite responses
. surface temperature also 10k . | ST,
7 I . I IN raintaill, wi
2 : observed regionally _ . : / . -
\ ¢ : < N ) - o ' Increase In the UK
5 ¥ \¢ £ I W i i AT i | » i _
=) 3 - 2 or# R Lo e o A ¢ W VR P/ WASATAR - - - - A bop AT - - - DL O ' and decrease In
3 c hYY : i Iberia
) ; 2 5 | v & I
- . - |
1= ! :
p—- Pre-Industrial | Post-Industrial 101 | |
15L anom zonal IVT RIVT = 0.83 : RIVT =096 anom IVT Pre-lndt_lstnal ! Post-lncjustrlal
anom temperature R onvr =062 R onivt = 027 5T anom zonal IVT EIVT ] 0;43 54 E EIVT i 0-.7(? 78 7
-2 | | | | | | I | | : | | I anom precipitation SonvT - : Sontvt = O
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 -20 | | | | | | | | S | | 100
Year 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
b) Link between IVT and temperature change in Iberia b) Year
2 | | | | | | | | ] | 20 Link between IVT and precipitation change in Iberia 0
| 20 | | | | | ]
1.5 ; 15 ; Signals are still
: : : 15 - | —75 .
s : /2 . i Signals are emerging or ; starting to emerge,
© 5., : 5 have already emerged 10}~ : Vil in terms of rainfall
N — ~ U.9 [ : /£, ’-‘ N ? N : =
@ . . € (when compared to Pre - © _ L A - s E
= -~ v S o : S S i w. #a) I W =
= | G\ AT T A B W VR e dgi, " A 3 URA L AN - - i AN . _ o : : = ‘ . Wik, - n |
D £ o o5 | N - , 0 £ |ndustrial) in terms of IVT CT) £ I v A R _, c
@) o : u y 2 o YriANTRAL ¥ iYL TREEERSY EREY 8 00 v ¥ o S EEEEEE S e A SN 10 B
—  E o5 : 45 2 and temperature = ,1 N YT A TN | /) WAL g
@ I Q - " ¥ v \ f I I ¢ L 4 T\ Vi y | _C_)-
= : = 5 b B L AW W A 41-25 @
1 : —-10 \ : F W o\, o
anom IVT Pr:lnd(_lsotrgl E Po;t-lnc_iu;gréal 10k E .50
1o anom zonal IVT RV 003 ¢ RYT Zog7 115 anorm VT Pre-Industrial 1 Post-Industrial
anom temperature zonlVT ~ : zonlVT — 15 L R =066 : R =-046 1 .75
5 I I | | | | | | | : | | | 20 - anom zonai I:/'{' RV _ 070 | RV =--O.27 -
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 anom precipitation ZonlVT : ZonlVT
Year 20 I | I I I | I I I L | I I -100
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
Year

Fig.3 T Long-term variability of the IVT and temperature anomalies in the UK and Iberia. Straight thick lines represent the estimated period
of emergence of the signals, by considering the exceedance of the maximum pre-industrial variability (and two-fold).

Fig.4 T Same as Fig.3, but for IVT and precipitation series.
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Fig.5 a) Changes in the frequency of Circulation Weather Types (CWTs) for the British Isles during extended E’ 400 ' >0 N rainfall
winter months (October-March) throughout the long-simulation period. Directional weather types are : | ’
grouped according to typical coherent surface responses. The thicker curves highlight changes occurring > 300 1 | O changes due
during the 21st century. A 30-year running mean has been applied to the series. b) Dally precipitation (mm | 40 N “ to ARs
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Fig.7 i Statistics for ARs in the North Atlantic crossing the 10AN meridian during extended winter. a), b) and c¢) Boxplots for the frequency of
occurrence of ARs in 5° latitudinal windows, for the pre-industrial, present and future climates, respectively. d) Dashed line shows the
difference between c) and b), and bars represent future changes in CWTs during ARs for each regional box - shaded areas highlight the
latitudes where the British Isles and Iberia are located. €) Mean intensity of ARs crossing the 10AVN meridian throughout the entire simulation.
The envelope corresponds to 1std. f) Spatial changes in mean daily precipitation during days with ARs.
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