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Abstract

The goal of the study was to investigate if aviation emissions could influence the climate and weather by modifying the chemi-
cal composition of the atmosphere and subsequently, the radiative balance. To carry out the set objective, we used the global
environmental multiscale atmospheric chemistry model with comprehensive tropospheric and stratospheric chemistry that is
interactive with the radiation calculations. The model was run for two current climate scenarios, with and without aviation
emissions. The results of the study indicate that the most significant difference in the jet stream propagation occurred during
the winter season, and the smallest was observed during summer. Changes in the jet stream propagation vary by season and
region. During the colder time of the year, the eddy-driven jet stream tends to shift poleward, while during the spring season
the equatorward shift was observed in a scenario with aviation emissions. Analysis of regional changes shows that the most
noticeable differences occurred over the Pacific Ocean, Atlantic Ocean and Asia. The changes over the oceans changed the
occurrence of the North Pacific and Bermuda—Azores Highs. Over Asia (Siberia), a stronger and more poleward drift of the
eddy-driven jet stream was observed in a scenario without aviation emission. Dissimilarity in the jet stream velocity was
found only during the winter seasons when in a scenario with aviation emission, the jet stream velocity was 10 m/s smaller
as compared to the scenario without aviation emission.

Keywords Aviation emissions - Jet stream - Upper troposphere lower stratosphere - Global environmental multiscale
atmospheric chemistry model (GEM-AC)

Introduction

One of the most significant regions of the atmosphere is
the tropopause layer, called the upper troposphere and the
lower stratosphere region (UTLS). UTLS is a transition
layer where the boundary between the polluted troposphere
and ozone-rich stratosphere lies. It plays an important role
in tropospheric large scale circulation, stratosphere-tropo-
sphere exchange (STE) and the quasi-biennial oscillation
(QBO) in the stratosphere (i.e. Holton 1995; Jensen et al.
1996; Garfinkel and Hartmann 2010; Forster and Shine
1997). Any changes in the chemical composition of this
region will lead to changes in the dynamics through changes
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in the radiative processes (Brasseur et al. 2008; Gettelmann
et al. 2011; Hegglin et al. 2010; Shepherd 2002, 2007).
Anthropogenic pollution has a significant impact on
atmospheric composition in the troposphere. Most of
the sources are near the ground. Thus, the majority of
the chemical reactions will take place in the lower and
the middle troposphere. Only inert and a small number
of reactive species from the ground-based anthropogenic
emissions reach the upper troposphere. The aviation emis-
sions, on the other hand, are released mostly in the UTLS
region (Olsen et al. 2013a, b). That may cause significant
changes in the atmospheric chemistry near the tropopause,
especially in the area of heavy airline traffic. Analysis of
different aircrafts’ fuel burn datasets indicates that 69.0%
of aviation emissions are released over the mid-latitudes
of the Northern Hemisphere (with the maximum at 40° N),
especially over North America (with maximum at 90° W),
Europe (maximum between 0° and 10° E) and East Asia
(maximum over 115° E). Almost 75% of aircrafts’ fuel
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burn takes place in the UTLS, at the height of 7 km (Wilk-
erson et al. 2010; Olsen et al. 2013a, b).

The complex interactions of gaseous species, direct and
indirect effects of aerosols, as well as aviation contrails on
the atmospheric chemistry and microphysics, make it dif-
ficult to estimate the potential impact of aviation emissions
on climate (Penner 1999 (IPCC); IPCC AR5 2014). Lee
et al. (2009, 2010) estimated that for the year 2005, avia-
tion was responsible for about 3.5% of the total anthropo-
genic radiative forcing, including aviation inducted cloudi-
ness. This contribution increases up to 4.9% with a range
of 2% to 14% for a 90% likelihood range. Many studies
show how sensitive modelling results are to aviation emis-
sions and their changes in the UTLS region. For exam-
ple, lowering flight altitude would lead to changes in the
radiative forcing near the tropopause due to the increase
in the upper troposphere’s ozone mixing ratio. Increasing
the fight altitude would lead to the injection of aviation
emissions directly into the stratosphere that may have a
significant influence on radiative processes (Fromming
et al. 2012; Jacobson et al. 2012; Skowron et al. 2015;
Sgvde et al. 2014).

Most studies focusing on the impact of aviation emis-
sions on climate calculate the global or regional climate
change indicator like the mean temperature, radiative forc-
ing or GWP100. However, available studies do not show the
exact influence of aviation emissions on global circulation.
In the presented study, we decided to examine the sensitiv-
ity of the jet stream propagation to aviation emissions, as an
indicator of changes in global circulation. We can assume
that due to changes in temperature over the Arctic (Yang
et al. 2019; IPCC AR5, 2014; Jacobson et al. 2012) or in the
low latitude upper troposphere (Grewe et al. 2002; Lee et al.
2010; Lund et al. 2017) there may be a noticeable change
in the jet stream propagation that can strongly affect some
regions, especially over the mid- and high latitudes (Barnes
and Simpson 2017; Cohen et al. 2014; Linz et al. 2018; Xue
et al. 2017). Studies suggest the general poleward shift of the
eddy-driven jet stream (EDJ) as well as the subtropical jet
stream (STJ), but those trends vary, depending on seasons or
regions (Melamed-Turkosh et al. 2018; Rikus 2018; Strong
and Davis 2007; Zolotov et al. 2018).

The tendency of the jet stream to poleward or equator-
ward shifts is mostly driven by the upper troposphere tropi-
cal warming (Sun et al. 2013; Simpson et al. 2012) and Arc-
tic warming (Barnes and Simpson 2017), respectively. The
Arctic warming will slow down the poleward jet stream shift
due to GHG impact on low latitudes (Barnes and Polvani,
2013; Barners and Screen, 2015; Haigh et al. 2005; Linz
et al. 2018). On the regional scale, the changes in the jet
stream propagation may be influenced by sea surface tem-
perature, ice cover, ENSO, stratospheric polar vortex, radia-
tive forcing, QBO or volcanic eruptions (Hall et al. 2015).
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Method

The objective of the presented study was to examine
changes in jet stream propagation due to aviation emis-
sions. We designed two current climate modelling sce-
narios: base scenario AO without aviation emissions and
scenario Al with aviation emissions. We used the Global
Environment Multiscale model GEM-AC with interactive
and coupled tropospheric and stratospheric chemistry (de
Grandpré et al. 2000; Kaminski et al. 2008; Mamun et al.
2013; Lupu et al. 2013). The model horizontal grid was
defined as the global variable resolution from 3° X 3° to
1.5°% 1.5° zoomed over the high latitudes of the Northern
Hemisphere, starting from 55° N (Fig. 1) with 70 hybrid
vertical levels up to 0.1 hPa and a 30 min time step and
output set at every 6 h. The vertical resolution in the UTLS
region was 500 m.

Both simulations were run in a climate mode setup for
years 2001-2010. Both scenario runs were started with a
“cold” model, allowing chemical species to balance in the
atmosphere during the first 5 years of the simulation. Due
to the model “cold” run, only results after 2005 could be
analysed. Inventories of aviation emissions were available
only for 2006, while for other years the aviation emissions
were rescaled based on estimations provided by the Inter-
national Civil Aviation Organisation (ICAO). In this paper,
only results for the year 2006 are presented.

Climatological information is based on monthly mean ice
cover and sea surface temperature, obtained from the geo-
physical fluid dynamics laboratory (GFDL) model. Histori-
cal anthropogenic emissions (excluded aviation) were taken
from ACCMIP (Lamarque et al. 2012). Aviation emissions
used in scenario A1 were from AEDT 2006 database pro-
vided as hourly 3D fields of the total fuel burn and CO, HC,
NO,, PMyy, PMgg, PMgg, CO,, H,0, SO, with horizontal
of 1°x 1° and 500 ft in vertical (Kim et al. 2007; Wilkerson
et al. 2010). The initial conditions for GEM-AC were gener-
ated using CMAM (de Grandpre et al. 2000, 2009).

For this study, the jet stream was defined as a narrow,
horizontal air current with a wind speed greater than
25 m/s, located between 400 and 100 hPa. The definition is
based on WMO'’s jet stream description (1958), and simple
jet stream detection method proposed by Pena-Ortic et al.
(2013) was used.

Results

Results for 2006 simulations with (scenario Al) and
without (scenario AQ) aviation emissions were analysed
using the annual, seasonal (winter (DJF), spring (MAM),
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Fig. 1 Visualisation of the GEM-AC model grid with global variable horizontal resolution 3.0°x3.0° and 1.5°Xx 1.5° regional nested over the
Northern Hemisphere. European (left) and the North American (right) vantage point of view

summer (JJA), autumn (SON)) and monthly time interval
averaging of the meridional and zonal wind velocities.
For each period, we created three different visualizations:
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Fig.2 Left: The difference between annual mean temperature
between scenarios Al and AO, averaged over longitudes, separately
for Western (W) and Eastern half of the Northern Hemisphere. Right:

average by longitudes, separately for Western and East-
ern half of the Northern Hemisphere (shown in Fig. 2),
average by latitudes in three bands: low (0-30), middle

Average latitude bands for A1-A0_3x3 2006 YEAR

60N - 90N

Pressure (hPa)

180W 120W 60W 0 60E 120E 180E
Longitude (degrees)
BT T T T T T
-20.0 -10.0 -2.0 0.0 2.0 10.0 20.0
(c) 2017 Wx’ TT (K)

The difference between annual mean temperature scenarios Al and
A0, averaged over latitudes for low (0-30 N), mid (30-60 N) and
high (60-90 N) latitudes bands
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(30-60) and high (60-90) latitudes (shown in Fig. 2) and
standard zonal average for the whole globe. The jet streams
propagation was compared using monthly averaged wind
velocity at several isobaric levels. Results for 250 hPa
level are shown as both the subtropical and eddy-driven
jet streams. Also, we analysed changes in the temperature
using analogical methods for the wind velocity to focus on
changes of temperature, especially between high latitudes
and low latitudes. We focused on changes in temperature
near the ground over the polar regions, polar UTLS and
the tropical upper troposphere transition layer (TTL).

Changes in the temperature

Analysing the differences between Al and A0 scenarios’
annual mean temperatures, we noticed that the largest
changes occurred in the upper troposphere lower strato-
sphere region over the high latitudes, where scenario Al
shows a temperature that was 2 K higher (Fig. 2). On sea-
sonal and monthly time scales, changes between scenarios
were much larger. In the winter season, the influence of avia-
tion emissions on temperature was the strongest over the
lower troposphere of high latitudes, especially over the Arc-
tic and Scandinavia, where the seasonal mean temperature
in scenario Al was 4 K higher than in scenario AO (shown
in Fig. 3), and the monthly differences vary from 3 K up
to 8 K. Also, we noticed regions with significant negative

W & E hemisperic average for A1-A0_3x3 2006 DIJF
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Fig.3 Left: The difference between the seasonal mean temperature
between scenario Al and AO, averaged over longitudes, separately
for Western (W) and Eastern half of the Northern Hemisphere for the
winter season. Right: The difference between the seasonal mean tem-
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temperature changes in the high latitudes, but with strong
regional variation from month to month where changes
reached —5 K.

During the winter season, the aviation emissions lead
to a small temperature decrease in the low latitudes’ upper
troposphere indicate (up to —2 K). The changes in the mid-
latitudes’ troposphere vary, depending on region, from—2 K
(mainly over the Eastern NH) up to 2 K (mostly over the
Western NH), as can be seen on Fig. 3. In the mid-latitude
UTLS region, the aviation emissions mainly cause small (up
to —2 K) temperature increase. The changes due to aviation
emissions in the high latitudes’ lower troposphere indicate
a—5 K decrease over the region between mid- and high
latitudes but up to 5 K increase over the Arctic region. In
the UTLS, we were able to observe up to 5 K temperature
increase.

The analysis of the monthly regional changes shows
pronounced temperature differences between scenarios,
especially over the high latitudes. The largest differences
between scenarios occurred over Russia, Europe, Baffin Bay,
the Bering Sea and Central North America, with tempera-
ture variation from -9 K up to 10 K, from —6 K to 0 K,
from—9 K to 5 K, from—10 K to 5 K and from —7 K up
to 3 K, respectively. Only over the central and eastern part
of the USA, there was a constant increase in temperature in
scenario A1, with the differences between scenarios of less
than 4 K. In the UTLS region, we noticed a small decrease

Average latitude bands for A1-A0 3x3 2006 DJF
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(=3 K) over the Atlantic Ocean between 30° N and 45° N.
A similar tendency occurred over the Pacific Ocean for the
same latitude range, but with stronger variation along the
longitudes. The increase in the UTLS temperature occurred
mostly over the Western US, Canada, the Labrador Sea and
Greenland, with the highest difference of up to 5 K. Also, a
small temperature increase was noticed over the eastern part
of Russia, where the differences between scenario A1 and
A0 did not exceed 3 K. Over Europe, monthly differences
varied from 3 K to—4 K.

During the spring season, the analysis of changes between
scenarios Al and AQ also indicates a small (up to—2 K)
temperature decrease in the low latitudes upper troposphere
due to aviation emissions. In the mid-latitudes, the influ-
ence of aviation emissions on the troposphere temperature
leads to substantial regional variation, mostly related to the
ocean—land presence (please see Fig. 4, right panel). Over
the region with land domination (except Eastern Europe), we
noticed up to 5 K temperature increase in the troposphere.
In contrast, for the region with ocean domination—scenario
A1 shows up to—5 K lower mean meridional temperature.
That may be connected with the stronger aviation emissions
in the lower and mid-troposphere over the land, because
of the presence of airports, while over the oceans aviation
emissions take place at cruising altitudes because of the
small number of airports at isolated archipelagos. In the
mid-latitudes UTLS region, the temperature changes due to
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Fig.4 Left: The difference between the seasonal mean of temperature
between scenario Al and AO, averaged over longitudes, separately
for Western (W) and Eastern half of the Northern Hemisphere for the
spring season. Right: The difference between the seasonal mean of

aviation emissions were opposite to the trend we noticed in
the troposphere and varies from —2 K over the lands up to
2 K over the oceans. The mean zonal temperature difference
for spring season shows the small west—east hemispheric
contrast with the prevailing warming effects in the Eastern
NH and cooling effect in the Western NH of the aviation
emissions in the troposphere. Over the high latitudes, we
noticed the same general trends in temperature changes as
we did for winter months. The temperature increases (up to
2 K) over the Arctic, but there is a small (—2 K) decrease
around the Arctic between 60° N and 70° N. In the high lati-
tudes UTLS region, the aviation emissions scenario shows
up to 5 K temperature increase (especially in the lower
stratosphere).

For the summer, the decreasing trend in the low lati-
tude upper troposphere temperature due to aviation emis-
sions visible during the winter and spring seasons start to
change, showing the regional upper troposphere temperature
increase. The analysis of monthly zonal temperature means
for low latitudes indicate month to month trend changing
from temperature decrease to temperature increase in sce-
nario Al. In the mid-latitudes troposphere, the seasonal
mean temperature difference between scenarios was rather
small and oscillated between + 1 K. The changes in the mid-
latitudes UTLS indicate a similar regional variation as in
the troposphere, but with the opposite sign of changes (see
Fig. 5, right middle panel). These regional changes follow

Average latitude bands for A1-A0 3x3 2006 MAM
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Fig.5 Left: The difference between the seasonal means of tempera-
ture between scenario Al and AO, averaged over longitudes, sepa-
rately for Western (W) and Eastern half of the Northern Hemisphere
the summer season. Right: The difference between the seasonal

the trend described for the spring season. In the high lati-
tudes, we noticed a decreasing trend in temperature due to
aviation emissions. The exception occurred between 30° W
and 120° W, over the northern part of Canada and Green-
land, where we noticed up to 5 K increase.

During the autumn season, the direction of changes in
the low latitudes upper troposphere indicates a 2 K increase
in temperature due to aviation emissions. The changes in
the troposphere and UTLS mean temperature over the mid-
latitudes have a robust regional variability, similar to the
trend described for spring and summer season with a small
spatial shift. The overall mean seasonal changes indicate
a small (1 K) tropospheric temperature increase over the
Western NH and a small (— 1 K) temperature decrease over
the Eastern NH. Over the high latitudes, the changes in the
lower troposphere indicate a—2 K decrease over the Arctic
with 1 K increase over Northern Canada and Scandinavia.
The changes in the high latitude UTLS vary from—2 K
over the Siberia region up to 5 K over North Canada. The
mean seasonal changes over the high latitudes UTLS during
autumn indicate a 2 K increase in scenario A1 (Fig. 6).

The mean annual changes between scenarios presented in
Fig. 2 show no noticeable changes between scenarios. How-
ever, the analysis shows significant monthly and regional dif-
ferences between scenarios Al and A0O. Although the most
intense aviation emissions occur over the mid-latitudes,
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means of temperature between scenario Al and A0, averaged over
latitudes for low (0-30 N), mid (30-60 N) and high (60-90 N) lati-
tudes bands for the summer season

the most sensitive regions seem to be high and near high
latitudes, where the changes vary in a range of +7 K. The
changes in the temperature over the mid-latitudes show a
less strong response to aviation emissions, yet the changes
strongly depend on the emission area. When aviation emis-
sions were present in the whole troposphere, we observed
the temperature increase in the low and middle troposphere
but decrease in the UTLS region. On the one hand, when
aviation emissions were limited only to cruise altitudes
temperature in the UTLS increase while in the middle and
low troposphere, we noticed a temperature decrease. The
influence of aviation emissions on the tropical upper tropo-
sphere’s temperature was the weakest, yet we still noticed
some small changes.

Changes in the jet stream propagation

The analysis of annual means shows almost no differences
between scenarios Al and AO for the zonal wind velocity
and only small shifts in the meridional jet stream velocity
over the North America mid-latitudes (Fig. 7). However,
differences between scenarios in seasonal and monthly
mean values show noticeable changes in the jet stream
propagation.

The strongest influence of aircraft emissions on jet
stream was noticed during the winter season, where
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Fig.6 Left: The difference between the seasonal means of tempera-
ture between scenario Al and AO, averaged over longitudes, sepa-
rately for Western (W) and Eastern half of the Northern Hemisphere
for the autumn season. Right: The difference between the seasonal
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rately for Western (W) and Eastern half of the Northern Hemisphere.
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aviation caused an increase in zonal wind velocity in
the UTLS region over the high and low latitudes and a
decrease in mid-latitudes, indicating the separation of the
STJ and EDJ. The poleward shift of the polar jet stream
and equatorward shift of the STJ was observed mostly over
the Western Hemisphere. The changes over the Eastern
Hemisphere in the seasonal wind speed analysis are less
visible. Analysis of the regional changes in the jet stream
propagation shows that the largest differences between
scenarios occurred over Northern America, the Atlantic
Ocean, East Asia and the Pacific Ocean. In the scenario
with aviation emissions, the jet stream has a tendency to
split into two streams and propagate on both sides of the
Rocky Mountains, travelling more often over Northern
Canada and more often over the southern part of the USA.
Those stronger tendencies to propagate along the Rocky
Mountains can be seen in changes in the meridional wind
velocity, shown in Fig. 8. Both the EDJ and STJ jets stay
separated over the Atlantic Ocean. The tendency of the
jet stream to split over North America results in poleward
(EDJ) and equatorward (STJ) shifts we noticed in the sea-
sonal mean of the wind velocity in the UTLS region. Also,
we noticed a tendency of jet stream superposition over
Asia, which cause a decrease in EDJ occurrence over the
Eastern Siberia and wind velocity increase over East Asia

W & E hemisperic average for A1-A0_3x3_2006_DIJF
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Fig.8 Left: The difference between and seasonal means of zonal
wind velocity between scenario Al and A0, averaged over longitudes,
separately for Western (W) and Eastern half of the Northern Hemi-
sphere for the winter season. Right: The difference between seasonal
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(China). The tendency for January is shown as an example
in Fig. 9.

The analysis of differences in the jet core velocity
between A1 and AO scenarios shows small, not noticeable
changes in the seasonal mean of the jet core velocity. How-
ever, the regional differences between scenarios can reach up
to — 10 m/s. The largest difference occurred over the Pacific
Ocean in January, when the monthly mean of the jet core
velocity in scenario A1 was around 66 m/s while in scenario
AQ it was 77 m/s. During the spring season, the changes
between scenarios were less visible as compared to the win-
ter season. The direction of changes in the spring season did
not follow the winter trend. The jet streams in the scenario
with aviation emissions show a small equatorward shift with
a stronger and more stable subtropical jet. The changes in the
jet stream propagation vary between scenarios on a month
to month time scale. Still, the mean seasonal trend shows
that stronger changes occurred over the Western Northern
Hemisphere (Fig. 10).

The regional changes in the jet streams propagation due
to aviation emissions mostly affected the Pacific and Atlantic
Oceans. Analysis of the monthly means of wind velocity
field indicates that in scenario A1 the jet stream tends to split
over the East Pacific, where EDJ propagate poleward toward
Alaska and Canada, and STJ propagate equatorward toward
Mexico. This tendency follows the trend from the winter

Average latitude bands for A1-A0_3x3_2006_DJF
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Fig.9 Monthly mean wind velocity at 250 hPa in knots for scenario A1l (top panel) and scenario AO middle panel). The bottom panel shows a
difference between monthly mean wind velocity between scenarios Al and AQ at 250 hPa in knots. 1 knot is equal to 0.514 m/s
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Fig. 10 Left: The difference between seasonal means of zonal wind
velocity between scenario Al and A0, averaged over longitudes, sep-
arately for Western (W) and Eastern half of the Northern Hemisphere
for the spring season. Right: The difference between seasonal means
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Fig. 11 Left: The difference between seasonal means of zonal wind
velocity between scenario Al and A0, averaged over longitudes, sep-
arately for Western (W) and Eastern half of the Northern Hemisphere
for the summer season. Right: The difference between seasonal

season. In scenario AQ, this tendency is much weaker and
appears at the end of the spring season. On the other hand, in
the scenario without aviation emissions, we noticed a strong
tendency to form the North Atlantic Subtropical High that
split the jet flow into two streams. The blocking pattern of
the Bermuda-Azores high is not visible in the results for the
scenario Al.

The smallest changes in the jet stream propagation due to
the aviation emissions were found during the summer season
(Fig. 11). Analysis of the monthly zonal means of the wind
velocity has shown the small variation in the zonal jet stream
flow between scenarios. Small shifts in the jet stream propa-
gation, visible in monthly means of the zonal wind speed in
the upper troposphere, show no particular trend in the jet
stream modification between June and August for A1 and
AQ scenarios. For the meridional wind velocity, we noticed
meander-like structures in the jet stream propagation over
the mid-latitudes. The monthly means show that in scenario
Al the jet stream tends to wobble more often over North
America. In contrast, in scenario AO, the meanders are more
frequent over Asia and the Pacific Ocean. The changes over
North America were connected to the stronger trend of the
jet stream split over the East Pacific Ocean that we noticed
in scenario Al from the winter season. The differences over
Asia and the West Pacific Ocean were due to an increase in
the tendency to jet stream split over Asia in the scenario with
aviation emissions. This tendency results in more frequent
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means of meridional wind velocity between scenario Al and AO,
averaged over latitudes for low (0-30 N), mid (30-60 N) and high
(60-90 N) latitudes bands for the summer season

EDIJ occurrence over the high latitudes and equatorward shift
of the STJ over the West Pacific Ocean during the summer
season.

The analysis of the differences between wind fields for
the autumn season indicates a poleward shift of the EDJ and
STJ in the scenario with aviation emissions, as presented in
Fig. 12. Both scenarios show the tendency to jet stream split
over the East Pacific Ocean, but in the scenario AO, this ten-
dency is more noticeable. The differences in meridional flow
indicate a significant change in the jet stream propagation,
especially over Asia. The analysis of the wind velocity in the
UTLS region shows that in both scenarios, the jet streams
tend to wobble with similar intensity. There was no notice-
able tendency in changes in jet stream meandering between
scenarios Al and AO. The strongest influence of aviation
emissions was observed over the Pacific Ocean, Atlantic
Ocean and Europe. In the scenario with aviation emissions,
the jet stream shows a poleward shift over the Pacific Ocean
with a small difference in the mean jet core velocity. On
the other hand, over the western part of the Atlantic Ocean,
we noticed a significant decrease in jet stream strength and
equatorward shift of the jet stream flow over Europe that
leads to the increase in the zonal wind velocity over Central
and South Europe.

In summary, there is a noticeable month to month and
season to season variation in the jet streams propaga-
tion between scenarios Al and AO. The most significant
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Fig. 12 Left: The difference between seasonal means of zonal wind
velocity between scenario Al and AO, averaged over longitudes, sep-
arately for Western (W) and Eastern half of the Northern Hemisphere
for the autumn season. Right: The difference between seasonal means

difference occurred during the winter season and the small-
est in summer. There is no regular trend in the jet stream
shifts between scenarios. During the colder time of the year,
the EDJ tends to shift poleward while during the spring sea-
son we noticed an equatorward shift in scenario Al. The
analysis of the jet core monthly mean velocity shows no
difference between scenarios except for the winter season,
when the jet streams in scenario Al seems to be slower
as compared to the results for the AO scenario. Regional
changes in the jet stream propagation due to aviation emis-
sions are mainly visible over the Pacific and Atlantic Oceans,
where jet streams tend to be more stable, most likely due to
the uniform surface. The most noticeable difference between
scenarios is the stronger tendency of the jet stream split in
scenario A1, especially over the East Pacific Ocean.

Summary and conclusions

Changes in the troposphere and the UTLS region tempera-
ture due to aviation emissions indicate around 2 K tempera-
ture decrease in the tropical upper troposphere region dur-
ing the winter season, while in the UTLS region over high
latitudes we noticed up to 5 K temperature increase. The
analysis of changes in the tropopause temperature, presented
by Hu and Vallis (2019) for the years 1979-2017 shows that
the standard deviation of the mean annual temperature at

Average latitude bands for A1-A0_3x3 2006 _SON
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the tropopause is 1.5 K and 1.0 K, for the low and high lati-
tudes, respectively. We can assume that changes in the tropi-
cal tropopause exceed 1o of the mean annual climatological
tropopause temperature variation, and for the latitudes the
changes due to aviation emissions exceed 2¢. It would indi-
cate significant changes in the UTLS temperature, especially
over the high latitudes.

The general propagation of the jet stream in scenarios
Al and AO was in agreement with the results presented by
Christenson et al. (2017), Koch et al. (2006), Kuang et al.
(2014) or Pena-Ortic et al. (2013). Also, there were regional
differences, especially over North America and North Asia,
where scenario Al shows better agreement with jet stream
climatological studies than was expected. The preliminary
results of the presented one-year case study show that avia-
tion emissions lead to significant changes in jet stream prop-
agation. Analysis of changes in the jet streams propagation
indicates that the aviation emissions lead to more polar and
subtropical jet splits than in the scenario without aviation
emissions, especially during winter. We noticed a poleward
EDJ shift during the colder part of the year that may be
caused by changes in the UTLS temperature described in
the previous paragraph. During the winter, the warming of
the high latitudes UTLS is stronger than the cooling in the
tropical upper troposphere that leads to the poleward shift
of the jet streams over the Northern Hemisphere in scenario
A1 during the winter season. The poleward shift of the jet
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streams in the autumn season was mostly connected with
warming over the high latitudes rather than changes in the
TTL. There were no significant changes in the jet stream
velocity except in winter, when the mean seasonal jet core
velocity in scenario Al was about 10 m/s slower than in sce-
nario AQ. There was no strong constant tendency of the jet
stream more frequent wobble flow, yet there were significant
regional differences in the jet streams propagation. The most
noticeable changes were observed over the Eastern Pacific,
Eastern Atlantic and North-East Asia. Over the Northern
Pacific, we observed a significant difference in jet streams
split what leads to changes in the North Pacific High (NHP)
development. In scenario Al, the persistent high pressure
system was much stronger in the spring season and weaker
in autumn than in scenario A0Q. These changes may have
a significant influence on drought season, especially over
California. Another important change in mid-latitudes was
the impact of aviation emissions on Bermuda-Azores High
during the spring season, which was caused by changes in
the jet stream propagation over the North and Subtropical
Atlantic. Over Asia (Siberia), we observed stronger and
more poleward EDJ in scenario AOQ.

Modelling results have shown that aviation emissions
alone may have a significant influence on the jet stream
propagation that leads to the conclusion that aviation emis-
sions may have a significant influence on the climate. At
this point, it is essential to highlight that the presented study
covered the early research results, based only on one year of
the simulation, focusing on the question “if aviation emis-
sions may influence the jet stream propagation”. The future
results will be focused on climatological aspects of changes
in the jet stream due to increasing aviation traffic.
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