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Background

 In 2020, the WMO SERCOM Standing
Committee on Services for Aviation (SC-
AVI1) conducted a global survey on the
Impacts of climate change and variability on
aviation.

* Final report published by WMO, publicly
available:

https://library.wmo.int/idurl/4/57199
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Outcomes of the 2020 Survey on
the Impacts of Climate Change
and Variability on Aviation

Standing Committes on Services for Aviation
A subsicliary body of the WMD's Seryices Commission
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Alr Temperature

Main Temperature Impacts on Aviation:

 Reduced Aircraft Take-off Performance

 Greater Noise Impacts

 Higher Energy usage due to Increased Cooling Requirements
 Exceedance of Maximum Operating Temperatures

« Airport Surface Damage

 Reduced De-Icing Requirements

* Cruise Speed/Flight Time Impacts

* Risk to Fuel Freezing

» Aircraft Structure or Components or Systems Reliability

TUESDAY FORECAST JUN 20, 2017
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Projected Trends
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+1.5°C: Change in average temperature of hottest days
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« Number of weight-restriction

days during the summer at

four major US airports, may
Increase between 50% and

200% by 2050-2070 under
RCP8.5.

Coffel and Horton (2015)

During the warmest part of
the day, 10% to 30% of
flights may require payload
and fuel weight restriction of
0.5% to 4.0% by mid-to-late
21st century.

Coffel et al. (2017)
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En-Route Turbulence

TURBULENCE EXPLAINED N ——

Severe _

Moderate
Plane can rise and -
drop by 30 metres SANERES
Wake turbulence

c Low :

X } Mechanical
.. presure turbulence
b o = (mountains
» - = _ S5 and buildings)

=yl S %

Can cause injury to
passengers and crew,
as well as damage to

other aircraft
Graphic: Roy Cooper, The National
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Change in moderate or greater severity of clear
air turbulence from 1979 to 2020 using ECMWF'’s
ERAS reanalysis data at 197hPa pressure level

Increasing turbulence in the North and South
Atlantic region.

Decreasing turbulence in the Central America,
Northern Russia and Indian Ocean.

Autumn and Winter has more clear air turbulence
of all strengths compared to Spring and Summer.

Some anecdotal experiential evidence from Flight
Crew of more frequent turbulence.
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En-Route Turbulence

Future Projections

Pre-industrial

80° N

60° N

William and Joshi (2013)
computed median of
Ellrod’s turbulence index
from 20 years of daily-
mean data in Dec, Jan
and Feb at 200 hPa.
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Doubled CO,

On Transatlantic flights by

2050:

. e 10—-40% increase in the
median strength of
turbulence

e 40-170% increase in
the frequency of
moderate-or-greater
turbulence.
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Doubled CO, minus pre-industrial
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(Period 2056-2100, relative to 1970-2014 average)

1:?50-20‘25
T
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Kim et al. (2023)

Strength North Atlantic North America North Pacific Europe
Category 200 250 200 250 200 250 200 250
hPa hPa hPa hPa hPa hPa hPa hPa
) ) M)
Light +75.4 +47.3 +110.1 +71.0 +120.7 +82.0 +90.5 +59.9
Light-to- +124.1 +80.7 +113.6 +57.5 +106.6 +53.8 +130.7 +75.8
moderate
Moderate +143.3 +74.4 +100.3 +50.2 +90.2 +41.6 +126.8 +60.8
Moderate-to- +148.9 +71.0 +94.3 +47.0 +73.1 +35.3 +142.1 +66.1
severe
Severe +181.4 +88.0 +112.7 +58.9 +91.6 +40.1 +160.7 +90.6
) ./ | S
Strength South America Africa Asia Australia
Category 200 250 200 250 200 250 200 250
hPa hPa hPa hPa hPa hPa hPa hPa
)
Light +18.3 +13.4 +24.2 +18.9 +102.5 +65.1 +18.0 +9.5
Light-to-moderate +27.1 +18.0 +27.9 +23.3 +92.4 +48.7 +23.1 +12.9
Moderate +34.3 +22.8 +34.3 +26.0 +78.1 +48.7 +29.6 +19.1
Moderate-to- +43.3 +23.8 +36.6 +26.9 +59.2 +47.9 +36.9 +24.8
severe
Severe +62.0 +31.6 +51.1 +40.2 +64.1 +55.4 +52.5 +35.4
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Convection

Convection and Associated Hazards Overview

Investigated regions as per the Compendium:
* Indian peninsula
 North America
 Europe

» Africa

 Global scale

Investigations in analysed papers based on:
 Reanalysis data for historical trends
 For climate projections

o Global climate models: CMIPS5, CMIP6

0 Regional climate models

Proxies for convection, some examples:
« CAPE — Convective available potential energy

Impact / Dangerous for aviation: - HVE AV alic
Hail, strong downdrafts, squalls, wind shear, ¢ CIN — Convective inhibition
gusts, lightning e Wind shear

e Simulated radar reflected thresholds

OFFICIAL
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Convection

Global climatology and climate projections

Example: Leopore et al., 2021:
* Investigations on CMIP6

 Seasonal climatology CAPE 1980 —
2010

« 30-year projected changes CAPE on
SSP-8.5 scenario:
e 2030 — 2060
e 2070 - 2100

Projected changes are expressed in
terms of multi-model seasonal
iInterannual standard deviation of the

0 500 1000 1500 2000 2500 3000 -3 -2 -1 o 1 2 3

J/Kg SD - sD historical period.
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Short summary

From literature analysis for investigated regions about climate projections:

Convection:
« USA: Increasing CAPE / convective activity in east part of USA
 Europe: Increasing convective activitiy in Europe, mostly in eastern part

o Africa: Decreasing precipitation intensity in northern part, increasing
Intensity expected in southern part of Africa.

Hail:

 Halil frequency decrease In East Asia and North America, slightly increase
In Australia and Europe.



Jet Streams

Overview

View of subpolar jet stream with Rossby-wave

Impact on aviation:

Tailwinds can reduce flight time and fuel
consumptions

OFFICIAL

Headwinds can increase flight time and fuel

consumptions
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Jet stream under climate change
condition:

 Poles are warming stronger
than the equator
» weakening temperature gradient

* reverse behavior at altitude:
» increasing meridional temperature
gradient, thus increasing zonal
wind speed in jet stream level



Jet Streams
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Wintertime trends of zonal wind speeds

CanESM5
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Example: Lv et al., 2020

 Wintertime trends
(m/s/decade) of zonal wind
speed in Northern Eurasia
at 250 hPa level
 Period: 2015 — 2100
« CMIP6, SSP245 and SSP585

* Increasing zonal wind speed
between 40°N and 60°N

 Corresponding vertical wind
shear tends to increase
consequently.
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Short summary

 Climate change is projected to accelerate the average upper-level jet stream winds
following an increase in the meridional temperature gradient aloft in both hemispheres
(Shaw and Miyawaki, 2024).

« However, In the Northern Hemisphere it is weaker due to an opposing influence of Arctic
amplification of surface temperature during wintertime.

« Various studies on changes in jet stream wind speed on flight duration have been carried
out, including by EUROCONTROL.

Changes in flow behavior:

 Due to decreasing meridional temperature gradients at low elevations:
o weakening of the zonal wind and meandering of the wind band
o increasing likelihood of forming blocks (Stendel et al., 2021)

0 persistent weather situations, e.g. heat waves, extreme precipitation events, extreme
winter weather events.
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» Historical trend: The rate of global mean sea level (GMSL) rise has
varied since 1900, with increasing and decreasing periods. However,
the GMSL rise In the twentieth century was faster than in any prior
century over the last three millennia and has noticeably accelerated In

the recent decade.

» Projected future GMSL rise varies with different climate scenarios
but is always positive (higher mean sea level). Consequently, the land

areas inundated globally are also projected to increase.

o Up to 2050, IPCC ARG projects that GMSL rise will vary according to different scenarios. Between the
baseline period (1995-2014) and 2050, GMSL is projected to rise by 19 cm under SSP1-2.6 and by 23
cm under SSP5-8.5, which is consistent with AR5 estimates (Fox-Kemper et al., 2021).

o Globally, the area inundated is projected to increase by 14% (15%) under RCP4.5 (RCP8.5) in 2050,
compared to the present day, with an additional 16% (17%) of the population affected (Kirezci et al.,

2020).
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Sea Level Rise

» Higher storm surges and more coastal floodings are expected, with serious
potential consequences to coastal aerodromes and impacts on
aviation safety and infrastructure.
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Sea Level RiIse

. - 4
% 5 Te .
i ' » ':“...c._?.‘. - e
R k. .ﬁ:’-. . ‘." po @ .‘g
. . Y . " R
a5 e s v o ¢
4 i ..,‘ ',u = k .'1' o& ‘
a j : T .,’0 "
: . ) *
&

Risk - RCP8.5 scenario Standard of Flood Protection

Yesudian and Dawson (2021) -0 no data
® <10 <25
® 11-20 <50
® 215 <100
& 51100 B <200

0 2500 5,000 10,000 B <1000
e s ilometers S B <10000

Note: the Compendium also considers Tropical cyclone, Sandstorm/Dust storm, Low-level wind and wind shear, Freezing precipitation and Fog.
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Almost all meteorological hazards are expected to have a greater impact on aviation operations
in the short-to-medium term.

Current research is mostly focused on North American and European regions due to the
concentration of air traffic. Research needs to be expanded to all regions of the world.

Research gaps:

O
O
(0]

O ©O O O

En-route icing hazard, both historic and future projections
Tropopause height and temperature trends is under-studied and future projections are not clear.

Threshold temperatures for airport surface damage and aircraft structure and systems reliability needs
to quantified.

En-route cruise temperature trends for all geographical regions required.

Low-level and near-surface wind speed projections not yet estimated.

Fog and visibility has significant operational impact, but projections are uncleatr.

Research on economic and social climate impact on aviation has received little attention so far.



OFFICIAL

Key Messages

Climate change may increase turbulence frequency and severity due to stronger jet streams. Better
global forecasting is essential, especially in areas with high-density air traffic.

Historical and future trends in icing are unclear although limited research suggests rising icing
altitudes. Dedicated research on all icing indicators, including temperature, humidity and cloud water,
is needed for a more accurate assessment.

Rising global temperatures are projected to increase severe convection and hailstorm frequency,
particularly at higher latitudes, impacting aviation operations on the ground and in the air.

Climate change is expected to strengthen jet streams, affecting wind speeds, clear air turbulence and
flight times, but with regional variations. The effects in the northern hemisphere are expected to be
weaker due to Arctic amplification.

Climate projections indicate a rising tropopause height globally, but trends vary. More research is
needed on the effect of climate change on the tropopause.

Warmer near-surface temperatures impact aircraft take-off performance, fuel efficiency and runway
conditions. Increased weight restrictions and potential surface damage are concerns, but more
research is needed to assess the critical threshold meteorological conditions.

OFFICIAL
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Climate projections suggest fewer tropical cyclones overall, but these cyclones are expected to be
more intense, with higher peak wind speeds and heavier precipitation due to global warming.

Low-level wind shear studies are scarce. Near-surface wind speeds are projected to decrease in the
northern hemisphere and increase in the southern hemisphere, though these projections carry
significant uncertainty. More research is needed to understand the effects of climate change.

Research on the impact of climate change on sandstorms and dust storms is limited. More robust
studies are needed to understand future trends and the associated impacts on aviation.

Fog frequency varies regionally, influenced by temperature, humidity, wind and local topography.
Climate change affects fog patterns; however, for an improved understanding of fog trends, aerosol
concentration projections are also needed.

Freezing precipitation, mostly in the northern hemisphere, is shifting poleward and inland. However,
more research is needed to improve future projections of freezing precipitation in a changing climate
and to better understand the associated impacts on aviation.

Global mean sea level rose more rapidly in the twentieth century than in any prior century in the last
three millennia and continues to accelerate, If this trend continues, coastal and low-lying airports will

be particularly vulnerable to increased flooding and storm surges.
J
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Compendium of Findings on the
. - Effects of Climate Change on
° Pu bl IShed by WMO N MarCh 2025 Weather Hazards and Analysis of
the Impacts of Climate Change on
Aviation Operations

* Freely available on the WMO e-Library

https://library.wmo.int/idurl/4/69458
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Thankyou! Merci!

@ aviation@wmo.int

“. https://community.wmo.int/en/activity-areas/aviation

WEATHER CLIMATE WATER

TEMPS CLIMAT EAU

WMO OMM

World Meteorological Organization
Organisation météorologique mondiale
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