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Objectives and Data Used

Background: The last IPCC (IPCC, 2021) report highlighted that global warming is affecting

regional and global circulation patterns, for example changing in strength and location of Jet i// :
Streams (JS), causing changed weather patterns leading to extreme events. The quality of climate °° PNL LSRN 40-90 degrees | https://doi.org/10.15770/EUM_SEC CLM 0056
model predictions of the changes are still having limited confidence, and more analysis is needed @&’ Bl
to understand the driving factors of changes in Jet Streams. * . ILEII';}&
Objective: The objective of this presentation i1s to present the outcome of an ongoing analysis of 20 k= Geostationary _
Jet Streams employing Atmospheric Motion Vectors (AMV) derived from satellite data to assess if ‘—WS(/——— 2013-2017 EloloE httpsg{.d%'org/ 10.15770/EUM_SEC CLM 0038
remote sensing data can help to increase the confidence into the results of changing JSs. 0 S EI—:,{&

Data: EUMETSAT holds an archive covering more than 40 years of satellite data from 1981-2005 Geo disk at SSP | https://doi.org/10.15770/EUM SEC CLM 0020

~20
geostationary and polar orbit, going back to the late 1970s. These data are recalibrated and 0 degrees B E]
reprocessed to derive Climate Data Records (CDRs) of Atmospheric Motion Vectors (Borde et al., _,5[ - %&I}?ﬂ

2013). The data records include winds retrieved from MVIRI, SEVIRI, and AVHRR measurements {
to generate AMV data records covering the area shown in the map. With respect to an analysis of -60
Jet Streams the wind vector estimates from instruments in geostationary and polar orbit are of
comparable quality.

2004-2019 Geo disk at SSP [10.15770/EUM_SEC_CLM_0105
0 degrees (available soon)

Polar and Subtropical Jet Streams - Impact of Climate Change

Polar Vortex North Atlantic Oscillation (NAO) From Irvine et al., 2016 Predicted Jet Stream changes: The annual-mean location of the jet stream i1s predicted to move
Upper level Low pressure system - Large-scale atmospheric pressure see-saw in . . . . . .
rorigting counter clockwise, . et nOAA the North Atiantic Fr)egionp o o polewards, and the mean jet stream speed is predicted to increase in all models (Irvine et al., 2016 and
Can be stable/strong or wary/weak ’“'a:" redrs: v« NAOis related with AO (most of the times) a : : : : :
e polar | o6 positive and negative phases e — _ Sha\y apd Miyawaki, 2024). The analysis of reanalysis data (Woollings et al., 2023) largely confirms these
swong et o I ; predictions.
0 1 S 1 TS (S 1 T T The changes of Jet stream attributes - speed and position are, among other factors, depending on the
JS are stronger and JS are weaker and Ssof MM llf S ?ﬁ S ) QAR | . 3 . . . . . .
located higher in ented lower in L H H 5 of % temperature gradient between Artic/Antarctic and the tropics (inducing a cascade effect to NAO changes).
latitude latitude i , : In the northern hemisphere two effects, the amplified arctic warming influencing the lower troposphere
60 st and the predicted warming in the tropic's high troposphere, seem to almost cancel each other, only
i 0§ 5 0§ i 0§ 5 0§ producing a small shift in the Northern Hemisphere towards the north pole. However, the poleward shift is
. I oo - 5o ) more prominent in the southern hemisphere due to stratospheric ozone loss. These general features are
Arctic Oscillation (AO) Polar Jet Streams P 2 o The o Jf i the et At () st A g Do o it okl For s s of . the s P L b P : s
. Large scale mode of climate ~ Strong Polar Vortex  \Weak Polar Vortex + Geostrophic winds Geviton ' he ture dhmate 20752099 - highareenhoce aascenaro s on e i for comnencon e meam e ote mane s mem . 1MOA1f1ed by natural variability that leads to seasonal and local differences among the models and the
Val’iability related Wlth the AO+ AO R Upper Troposphere (<400 hPa) analysis data for the period 1979-2005 is shown for the west (dotted lines) and east Atlantic (dashed lines). (b) As (a) but for the jet speed. 1 . N th 1 'f th‘ . b‘l't . 'd d th t. b t th .
patterns of the polar vortex NAGS - . Speed>30 m/s reanalysis. Nonetheless, even if this variability is considered the connection between anthropogenic green
It has positive and negative NAO- » Stronger in Winter house gas induced climate change and changes in the Jet Streams is likely (Woollings et al., 2023).
phases Strong Jet Streams Weak Jet Streams + Influence Weather in US and Europe

Jet Streams: Wind Vectors from Space

Response to NAO variations: Example Strength of zonal and meridional wind components over 38 years
Jet streams daily configuration is varying according to the NAO value. Below examples of positive Jet streams zonal (u) and meridional (v) component latitude profiles (longitude between 70W and 70E). Full year, December January February (DJF), June
and negative NAO JS response for two years, 1985 and 2010, known for their winter extremes. July August (JJA). Upper left plot: daily mean and max u (standard deviation shaded area); Lower left plot: daily mean v (standard deviation shaded area);
Upper right plot: period mean u for all even years between 1982 and 2018. ); Lower right plot: period mean v for all even years between 1982 and 2018.
Compared Vectors with: QI>60 speed>30 m/s and height<400 hPa Compared Vectors with: QI>60 speed>30 m/s and height<400 hPa GEO and LEO JS zonal and meriodional flow (IR YEAR 0-400hPa, speed>20 m/s, QI>60) GEO and LEO JS zonal and meriodional flow (IR ]JJA 0-400hPa, speed>20 m/s, QI>60)
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Daily jet stream over Europe from Meteosat First Daily jet stream over Europe from Meteosat e - —— 1990 2000 — 2016 | | .
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Generation: upper panel: negative NAO, lower Second Generation: upper panel: negative NAO, 1904
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Analvsis of 38 | dat d of the (northern hemisphere) jet with initial trend lvsi Description: Jet stream (both polar and subtropical) are westerly (positive
nalysis of 38-year-long data record of the (northern hemisphere) jet with initial trend analysis ) . o L.
y y 5 P ) y u) blowing from west to east (zonal flow). The tropical belt (£23° latitude)
2 Use case short article in Presentation at the GEO and LEO JS zonal and meriodional flow (IR DJF 0-400hPa, speed>20 m/s, QI>60) mcludes the easterly jet (negative u) stronger i boreal summer. The v
TR % the EUMETSAT user E EUMETSAT conference N | DJF — EE — gggg — gggg component is a measure of the meridional flow. Positive values mean a wind
i L . 2021 — 1088 — 2002 2014 south to north, while a negative one north to south. The average v values
LR ek g —— 1990 2004 —— 2016 . L .
: S ol — 2[00 e (mainly) positive north of the equator and negative south of the equator
Ch - the TS lead at cli e 33 £ E = mean that on average the wind have a poleward direction. This effect is
| S A ip . . . .
anges in the J pattern can fead at climate extreme events like ' V20 V 201 % more evident outside the tropical belt and depending on the season.
heavy snowfall in Rome (1985) and Paris (2010). F 5 . . .y :
° Analysis: The annual curves show a clear interannual variation and for this
"1 — averass21002 ] reason we compare the first data decade (1982-1992) against the last data
= AG(2009-2019) . . .
o] T Mgz 0o . decade (2009-2019). The results show almost no increase in the daily mean
20 e 20 (solid lines) u in the northern hemisphere but a small one in the southern
151 et 151 hemisphere, more evident looking at the mean daily maximum (dashed
10 10 lines) u value. For the northern hemispheres, the polar and subtropical jet,
g s 7 > can be clearly depicted by looking at the averages of the maximum wind
s Lo speed. The northern hemisphere polar and subtropical jets are not
v . . . .
2 ] ] pronounced in JJA when the JS tend to be weaker. Interesting to notice 1s the
1o ol B magnitude of u around the Equator, which i1s negative (easterly wind) and
n sl much more pronounced in JJA. This 1s due to the presence of the African
. . Easterly jet during those months. The v component (meridional flow) shows
- —Eli-(] —f;I-O —I2(] tl) 2I0 4ID GID - —Eli-(] —AO —I2(] tl) 2I0 4I0 GID

Latitude (degrees north) Latitude (degrees north) a difference between the analysed decades in both hemispheres from the
sub-tropics poleward. This indicates an increase in the meandering of the JS,
but it needs to be studied in more details.
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