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Increased winter precipitation over Northern Europe by 2100 (IPCC ARS5)

CMIPS MME RCP4.5 (39) How can big cities adapt to risks of floods?
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MOST VIEWED
Shifting climate patterns are leading to more unpredictable weather extremes and changes in urban Seaweed farming: an
infrastructures are leaving cities around the world exposed to floods. 1 economic and
sustainable opportunity
eduardo.moreno@bsc.es Last November, mudslides swept through Europe's 2019 Capital of Culture, the Italian city of Matera as for Europe

heavy rains battered the region of Basilicata. Authorities estimated damages to homes, businesses and
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Increase in North Atlantic extratropical cyclone activity in CMIP5 and CMIP6

Multimodel mean of the difference between the most recent 30-year period from the present-day simulations and
the final 30 years of the 21st century from the future simulations in CMIP5 RCP4.5 and CMIP6 SSP2-4.4

(c) CMIP5 DJF Storm Track (d) CMIP5 DJF U250
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(e) CMIP6 DJF Storm Track (f) CMIP6 DJF U250

(Harvey et al., 2020; EGU talk)

Black contours: model climatology
Dots: change significant at the 5% based on a Student's t-test
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https://presentations.copernicus.org/EGU2020/EGU2020-19711_presentation.pdf

Changes in precip./cyclones sensitive to model resolution

Sensitivity studies mainly based on atmosphere-only regional and global models
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FIG. 2. Change in EKE with warming at 300 hPa (shaded) for (a) 120-km grid spacing and (b) 20-km grid spacing.

Current-day values shown in contours (interval 20 m*s~2).
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Increased winter precipitation over Northern Europe by 2100 (IPCC ARS):
How sensitive to model resolution is it?

- CMIP6 HighResMIP/PRIMAVERA simulations
-> Coupled model HadGEM3-GC3.1

Atmosphere ﬁ

Ensemble size h
historical SCP5-8.5
(1950-2014) (2015-2050)
LL 8 4
MM 3 3
HM 3 3
MH 1 1
HH 1 1

resolution
250 km LL
10
0 km MH - MM
50 km HH - HM
8 km 25 km 100 km
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Ocean resolution




Winter precip. increases much more in HH than at lower resolutions

Anomalies in winter precip. (mm/day) between 2030-2050 and 1960—1980
LL HM (highest atmosphere resolution)
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Winter precip. increases much more in HH than at lower resolutions

Anomalies in winter precip. (mm/day) between 2030-2050 and 1960—1980
LL HM (highest atmosphere resolution)

Ensemble means in LL
and HM (MM not shown,
but similar to HM)

White shading: nonsignificant
anomalies at the 5% level, based
on repeating the calculation 500

times in the control simulations

/ Stippling: anomalies in HH larger
than in all the other lower-res.

simulations combined
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Winter precip. increases much more in HH than at lower resolutions

Anomalies in winter precip. (mm/day) between 2030-2050 and 1960—1980
LL HM (highest atmosphere resolution)
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Winter precip. increases much more in HH than at lower resolutions and
nearly all other projections in HighRESMIP and CMIP6

Percentage of change in winter precip between 2030-2050 and 1960—-1980 over northern Europe

25

All ensembles
20 A

15 A

10 A

Precip. change (%)

eduardo.moreno@bsc.es



Gulf Stream surface warming only in the eddy-rich (H) ocean model

Anomalies in SST (K) between 2030-2050 and 1960-1980

LL HM (highest atmosphere resolution)

MH (highest ocean resolution)
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Northward shift of the Gulf Stream
drives surface coastal warming

<— Change in meridional gradient in sea-surface height (1078 m/m).
1993-2018 AVISO satellite climatology (dashed line)

1993-2018 mean gradient in HH (blue) and
in AVISO satellite (black)
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Surface currents

Strait of
Belle Isle 7/

Gulf Stream

GREENLAND

Irminger Current

LABRADOR SEA

Northward Gulf Stream shift linked to
weakening in the AMOC/deep western
boundary current

Mechanism first proposed by Saba et al. [2016; J. of Clim]
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Gulf Stream surface warming only in the eddy-rich (H) ocean model

Anomalies in SST (K) between 2030-2050 and 1960-1980

LL HM (highest atmosphere resolution)

MH (highest ocean resolution)
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Strongest increase in midlatitude cyclone activity in HH

Anomalies in winter max. Eady growth rate (day™') between 2030-2050 and 1960—1980
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Two mechanisms sustain increased extratrop. cyclone activity in HH

Increased diabatic heating Accelerated upper-troposphere jet

(Hoskins et al., 1983)
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Two mechanisms sustain increased extratrop. cyclone activity in HH

Increased diabatic heating

— In better resolved storm fronts

— Reinforces the lower-level cyclonic circulation (L)
and the upper-level through (L), which fuel farther
cyclone development

— Subject to the additional heating from the Gulf
Stream warming
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Anomalies in 850-250 hPa diabatic heating (K/day)
between 2030-2050 and 1960-1980




Two mechanisms sustain increased extratrop. cyclone activity in HH

between 2030-2050 and 1960-1980 — weakens atmosphere stability (vertical shear increases)
MH (highest ocean resolution) —due t_o enhanced eddy—mean flow interactions at higher
= SR resolution

(Hoskins et al., 1983)
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Largest increase in European winter precipitation in a synoptic-scale, eddy-rich model
o  Lower resolutions might underestimate projected future changes (hence, risks!)

SST warming in the Gulf Stream
o Related to a northward shift in the Gulf Stream
o Increased low-level temperature gradient and surface heating increases baroclinicity and fuels
atmospheric circulation changes

More active extratropical cyclones and faster jet stream over the North Atlantic
o  Due to increased atmospheric diabatic heating and eddy—mean flow interactions

Highest resolution in both the atmosphere and ocean are essential for these mechanisms







