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Detection of Contrails - Challenges and Future Perspectives
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— HAMBURG Hamburg Aerospace Lecture Series

Hamburger Luft- und Raumfahrtvortrdge
RAeS Hamburg in cooperation with the DGLR, VDI, ZAL & HAW invites you to a lecture

Detection of Contrails — Challenges and Future Perspectives

Dr. Tina Jurkat-Witschas and Prof. Dr. Christiane Voigt
Institut of Atmospheric Physics, German Aerospace Center (DLR)

Date: Thursday, 09 June 2022, 18:00 CET
Online: https://purl.org/profscholz/zoom/2022-06-09

Contrail and cirrus that evolve from contrails represent the largest share of the climate
impact from aviation, even larger than the contribution from COZ2. In order to reduce this
climate impact and the uncertainties related to it, the fundamental science of contrails and
their impact on the atmosphere from a present and future aircraft fleet needs to be based on
accurate and reliable airborne measurements.

Research at DLR has focused on the detection of contrails in a suite of measurement
campaigns in the past decade. Different evolution stages of contrails from the first second
behind the aircraft until they evolve into contrail cirrus have been measured with national and
international partners like NASA and NRC. We present recent results on contrail properties
measured with DLR’s unique research aircraft fleet. The observations are further used to
guide model evaluation from the plume to the global scale.

While new carbon-free technologies like hydrogen powered engines now come into
perspective, their impact on contrail formation is largely unknown. We will comment on the
importance of airborne measurements of these new type of contrails, the challenges and
potentials that come with it to frame a sustainable future air traffic.

Dr. Tina Jurkat-Witschas is Project Leader of the DLR Research Group H2CONTRAIL and Prof. Dr.
Christiane Voigt is Head of Department Cloud Physics at the DLR and Professor at the University of Mainz.

DGLR/HAW  Prof. Dr.-Ing. Dieter Scholz Tel.: 040 42875 8825 info@ProfScholz.de y—
RAeS Richard Sanderson Tel.: 04167 92012 events@raes-hamburg.de u

Hamburg Aerospace

Lecture DGLR Bezirksgruppe Hamburg https://hamburg.dgir.de

Series RAeS Hamburg Branch https://www.raes-hamburg.de

n VDI, Arbeitskreis L&R Hamburg ~ https://www.vdi.de m
DGLR .
el Fiis ZAL TechCenter https://www.zal.aero
VDI ZAL

Hamburg Aerospace Lecture Series (AeroLectures): Jointly organized by DGLR, RAeS, ZAL, VDI and HAW Hamburg (aviation seminar).
Information about current events is provided by means of an e-mail distribution list. Current lecture program, archived lecture documents
from past events, entry in e-mail distribution list. All services via http://Aerolectures.de.
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Outline

Motivation: Why do we care about contrails?

How do contrails form?

How do we detect contrails and their microphysical properties at different evolution stages?

How can we reduce the climate impact from contrails?

Outlook:

How much do we know about contrails from H, combustion and H, fuel cell electric power? What are the
needs from the research perspective?

i DLR
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The climate impact of aviation - today

Global Aviation Effective Radiative Forcing (ERF) Terms _ o . o .
(1940 to 2018) * The global effective radiative forcing (ERF) from aviation in

convatioims | % | 2018 was about 100 mWm2; which is 3,5% of the total ERF

in high-humidity regions

Carbon dioxide (CO3)
emissions

Net for NO, emissions %{

comprise about 2/3 of the total ERF

Water vapor emissions in
the stratosphere

i » The larges share comes from non-CO2- effects which

BT l « Contrails and Contrail Cirrus (57%) have the largest

l I Best estimates

|—0—| 5 - 95% confidence ContribUtion

-from sulfur emissions

Aerosol-cloud interactions
-from sulfur emissions

» Uncertainties of the non-CO, effects are 8 times larger than
the CO, effect

-from soot emissions

|
I
I
I
I
!
I
Net aviation (Non-CO3 terms) :
|

Net aviation (All terms)

-50 0 50 100 1
Effective Radiative Forcing (mW m2) » Contrails have the potential to immediately reduce the

Adapted from Lee et al., 2021 climate impact from aviation!

i DLR
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Formation of contrails : the micro scale

regime »

Jet Phase \ Wake vortex
- phase @

0 — 0.1 seconds 0.1 — 1 seconds 1 — 10 seconds 10 — 100 seconds e RO LROR
\ Deutsches Zentrum fur Luft- und Raumfahrt
£ 220K Depending on atmos.

Conditons: a fraction of ice
\ particles will sublimate
Direct emissions: Water droplets form Droplets freeze and |ce particles grow due to uptake of
soot, CO2, H20, NOXx, on soot particles form ice particles ambient water vapor
S0O2, Hydro Carbons,
volatile aerosol

2 particles...
‘ DLR

Adapted from Karcher,
Nature Communications, 2018
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il

50 z/oen me exit  Contrail formation when plume conditions

mn itions

Recap . 40 3 /’ | exceed water saturation.
Princiol .f trail Contrail / Contrail persists when ambient air ice
forrlrr:gfi:: of contra 30 - formation supersaturated.

Many ice crystals form when ambient

H.O Partial Pressure e (Pa)

20 - temperature are well below the formation
: No contrai threshold temperature
Schmidt- Appleman 10 formation
Criterion o , o
60,/-55 -50 -45 -40 -35 -30 -25 -20

environmental Temperature T (°C)

conditions Schumann, 2005
G = Elmopep/[eQ(1 — )]

n=FV/(mgQ)

El 00 H,O emission index Q: specific heat of combustion
n: overall propulsion efficiency  p: ambient pressure

£ = 0.622: ratio of molar masses water vapour and dry air

¢, specific heat capacity my fuel flow F: thrust

\: air speed of aircraft

See also presentatlon from Ulrike Burkhardt RAeS 02. 12 2021
. ¥ w g{‘ =i J U

‘ i DLR
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Contrail and Contrail Cirrus properties during aging

Jet Vortex Dispersions Phase:

Phase Phase formation of contrail cirrus

0-10 1-4 i
soconds Minutes Minutes to Hours
< > < > < >

A Ice particle size

Climate relevance
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Micro- and macrophysical properties of contrails matter!

- Number, size and shape of the contrail ice particles are climate important parameters!
—> Size and Life cycle of contrails has an impact on the radiation budget

Macro-physical properties:

width, depth,
life time

Micro-physical prop =

number densities al
distribution
— extinction

\

Optical depth
T=1] "9 QextA(r)n(r)drdz

i DLR

40 -

solid hexagon
hollow hexagon

Net radiative forcing/(W m™)

- —-—0-—--  rough aggregates 9
40 — —& —  rosette-6 9\9\3\0 4
——0—— plate AR

-60 | ——=—— droxtal  r,=16 um, S,=1370 W m?, A=0.27 50

{7V flat SZA 30°, OLR=279.6 W m2, T=-44.6°C -
0.0 0.5 1.0 1.5 2.0 2.5
Contrail optical depth at 550 nm
<{——= Thin contralil Thick contrail ——>

Schumann et al. 2012
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Outline

Short introduction: Why do we care about contrails?

How do contrails form?

How do we detect contrails and their microphysical properties at different evolution stages?

How can we reduce the climate impact from contrails?

Outlook:

How much do we know about contrails from H, combustion and H, fuel cell electric power? What are the
needs from the research perspective?

i DLR
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Contrail and Contrail Cirrus properties during aging

Jet Vortex Dispersions Phase:

Phase Phase formation of contrail cirrus

0-10 1-4 i
soconds Minutes Minutes to Hours
< > < > < >

DLR DLR
Dassault Gulfstream
HALO

Falcon 20
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Contrail and Contrail Cirrus properties during aging: Measurement platforms

Jet \Vortex Dispersions Phase:
Phase Phase formation of contrail cirrus
0-10 1-4 i
seconds Minutes Minutes to Hours
< > < > < >
DLR DLR
Dassault Gulfstream
Falcon 20 HALO
» Range: 3500 km, 5 flight hours « Range: 10000 km; more than 10 flight hours
« Altitude: certified for 12.8 km » Altitude: certified for more than 15 km

« Maximum payload about 2 tons « Maximum payload of 3 tons = 25 to 30 instruments
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Measurement of contrails with the DLR-Falcon
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Instruments for measurements of contrail ice particles: light scattering

Forward scattered light:

. : ) : Backward scattered light:
sizing and counting of ice particles

shape of ice particles

-

Backscatter collection mask

Smm Square
Qualifier Detector Mirror
% 150 x 200um Slit
ﬂ’?;i - / Laser Polarizer
e
Sizer Detector I :
/ »
y ‘ M
B00um pinhaole
¢
) 3

ccp
% Contrail ice particles © DMT
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Instruments for measurements of contrail cirrus ice particles: imaging

Contrail cirrus ice particles

droplet column plate

- . s @ ] e % @|

o h ‘ :-%

\ ‘ T ¥¥

S
== _laser
beam

diode array

//128mm
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DLR Instruments for measurements of contrail ice particles: full size spectrum

Jet Vortex Dispersions Phase:
Phase Phase formation of contrail cirrus
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Detection of contrail ice particles: the jet regime

-4 Jet regime L | Wortex regime
Plume mixing Wake vortex
and cooling formation g
. '. *o -'E' ) (> ' @ =)
‘ i \ I Ii_f:" \ .\: @ Tt
. g
» §—-> “MNeoc® c ®\\o @ @
* i-. . =) - w o \w =

0 —0.1 seconds 0.1 —1 seconds 1 - 10 seconds 10 — 100 seconds

ACCESS-2: Alternative Fuel Effects on Contrails and Cruise Emissions Study
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Detection of contrail ice particles:
the jet regime
The Jet regime:

Inhomogeneous, turbulent region behind aircraft where
the contrail forms

—> High resolution measurements are needed to
resolve the contrail structure and evolution

AEI= Apparent Ice Emission Index
- number of ice particles formed per kg burned fuel
AN,; M.,;
1ce % ( a.r ) * EICGE
ACO2  Mcoz2 * pair
Jurkat-Witschas et al., in prep

AEl =

N - %

E ] -
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o N A O © O
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Detection of contrails : the vortex phase

ECLIF/NDMAX: Contrail of the ATRA (A320) measured by the DLR
Falcon and the NASA-DC38

¢ AEIicE
El

soot

125 — ¢ AEItot
; 1

. 1 . ) n 1 T 1 . 1) . 1 g 1
0 1x10"° 2x10"™ 3x10"™ 4x10"™ 5x10"° 6x10"™ 7x10"
-1
AEI'ce’ Elsoot’ AEItot [kg ]

Kleine, et al., 2018
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Detection of contrail cirrus and natural cirrus — the dispersion phase:
HALO campaigns ML-CIRRUS and CIRRUS-HL

& Bundesministerium
fiir Bildung

und Forschung

Contrail cirrus

5h past formation

- .I. MNatural cirrus

|-

-
[=]
(=]
L
1

& Bundesministerium
fiir Wirtschaft
und Technologie

—
<
5]
1

=

dN/dlogDp (cm™)

—_
o
1S
L
1

GFZ

—
o
&

10 100
Dp (pum)

-

Helmholtz Centre
OTSDAM

ﬁ HELMHOLTZ
| GEMEINSCHAFT

g CHRISTIANE VOIGT,

e o ULricH ScHUMANN, ANDREAS Minaxin,

L) AHMED ABDELMONEM ARMIN AFCHINE,
- e W Bons » ax1 Boerm n,
e

Maxamuian DoLiner, ANDREAS DORNERACK, VG

Anpee BraicH, ANDREAS

#) JOLICH e

FORSCHUNGSZENTRUM

=XIT

Kariarismer Inatitet fis Tecnnologie

oo e 90%<RHi<100%
B Cirrus B Contrail

Aspherical Fraction
+— more spherical more aspherical —

© o o o o =
o (] RS 3 0 o
1 I 1 | ] I

= 10 20 30 40 50
Effective diameter / um

Voigt et al., BAMS, 2017
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http://www.cirrus-hl.de/

CIRRUS-HL
in a nutshell

25 h in-sifu cirrus data ] 4R
us remote sensiﬁg
, 8 to 14 km

L

L

Po P Po 2o P P Pe P !
) L) -} e

M 070Ea

10712z
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¢ *» 2o
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Google Earth
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Objectives of the campaign

(2) Investigate cooling daytime contrails (in contrast to
warming night time contrails)

(3) Advance weather, cloud and global models

Global Aviation Effective Radiative Forcing (ERF) Terms
(1940 to 2018)

Contrail cirrus S
in high-humidity regions

Carbon dioxide (CO3)
emissions
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Cabin instrumentation CIRRUS-HL

BCPD/SOPAMA/FASD
Transportbox

L] 7
) 1 3] rrs {} G [
("]
. = @ % £ o % < CYCT
(W] % = 8 ﬁ %
S = <T = L = —
L | S e = = o 2
G| = - < -k
o E =T o .‘I:‘ o
= & < 7
%) S 2
M »n T

Comprehensive aerosol — water vapor —trace gas - ice particle — radiation payload!
Vi o e AR kW

DLR
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HALO- Instrumentation for studies of contrail and contrail cirrus :
state of the art cloud probes and water vapor instruments
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Higher ice crystal numbers in mid-latitude cirrus
Aviation impact?

Ice number concentrations in cirrus Particle size distributions
10°4 e g ® o 44°N 's:”- 1 | g
] ® . — 44°N L E R
| ' mid Iatltqdes | o = ./ Mid eson | o ik
-1 A ’ 73°N . . SR
(s IS SRR SRR BT latitudes — TN [ e
; ! A L A 5 N
' i A X 10 eEnit
_ A A —
S R T ! $ ; U
r\‘l'i_l | | ¥ > é E 10—3 . ;'_ 5
lg ¥ ) ® ’ B = % .
‘ : yo. ©
Sw3 ! a4 2 & & 0B 3 L1l
- A i H ‘ ! ' 10 % 10-4 L
. Y : A ¥ . T . . 1111
«] © 'high latitudes BRI E high latitudes Pk
10 . - N . e 30 105 ] 2t el
o H ° 40 T
’ i e 50 o e X
107> : _ woa ¥
® 60 107° S wg ’;z 1
A AVg44°N 4 Avg65°N A Avg 73°N o 70 ¥ S =
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220 225 230 10* 102 10° ol e V1
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Measurement of the day vs night time radiative properties of contrail cirrus
Aim: probe a contrail cluster during day and night

4#7 WALES CIRRUS-HL 23-07-2021

22th HALO Flight

Backscatter Ratio at 1064 nm

Cloud Cover (0-1) ( HIGH )
Val|d 2021-07- 23T15 00:00Z (|n|t|a||sat|on 2021-07-23T00:00:002)

(unpolarised)

Lidar
(Wirth et al.)

Altitude/km

e i TSy
20:00:00

UTC Time

> — ld - " ’ o

- TN, ‘ E 10-!
A e N 1 |Ilnm|

Walid: Fri 20 " !-‘l'! |L'|u|| In_Situ 103 : T T

72021 E
350 =
(Dela Torreetal.) & |
TAUCO, 23.07.2021, 18 UTC ECMWF-FC 23.07.2021,00:00 UTC, ot i i . : I..

5 g %} \\‘ " . Day nght
\ B ] X

P ‘ Lidar and radiation above contrail ci. <—FL370{300NM) > —
Contrall g o L wmﬁ: mr
cirrus cluster et S FL320 (15

) : n-situ in contrail cirrus

i p':ed|Cted FL290 (150 NM)

with CoCIP

Radlatlon below Contra|IC|rrus FL250 (150 NM+)
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Contrail particle measurements with the BCPD

« Backscatter Cloud Probe with Polarization Detection
- particles in the size range 2-50 ym measured by scattered light in the 145° angle

. : r
- Polarisation measurements to detect the phase of particles ight mstrumem;O
ghi-we torea
. . rail G
« Advantage: no drag, low weight, window mounted, easy to operate con getection
Measurement of small cloud particles: (supercooled droplet) icing conditions, contrails
and contrail cirrus at flight altitude
Quickiook  BCPD P BRI

] !
dN/dD [em~2pm™1]

s-]
=
2
2
£
0
& 10!
@
i g
5
3
09:26:40 09:26:50 09:27.00 09:27:10 09:27:20 09:27:30

— psp |07
1
©DMT i Ek
Figure 1: BCPD with Window Inte D'i,u .

y
10H1ht 10!
dN/dD [em~ pm™!]  diameter [um]

3 ““‘ 2= Example of detection of contrails and contrail cirrus with BCPD
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Outline

Short introduction: Why do we care about contrails?

How do contrails form?

How do we detect contrails and their microphysical properties at different evolution stages?

How can we reduce the climate impact from contrails?

Outlook:

How much do we know about contrails from H, combustion and H, fuel cell electric power? What are the
needs from the research perspective?

i DLR
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Relationship of emitted soot particles and nucleated ice crystals

S sain « Soot-rich regime:
1016
- nucleated ice crystals per kg of burned fuel is
- Conditions well below linearly dependent on the number of emitted
=y formation threshold .
g 10 temperature Enhanced soot particels per kg of burned fuel
: (T-o-124 \ S
2 c :
£ - number of nucleated ice crystals depends on
— 414 " . .
g " / Conditons near ambient temperature below the contrail
5 ormation thresho .
8 temperature (T= ©) formation temperature
8 o
% 10% 1 Current H
2 I erissions  at low ambient temperatures:
every soot particle forms one ice crystal
10" T
1G12 1.:]13 1014 1015 1018
Emitted soot particle number per kg fuel
Adapted from Karcher,
ANjece M., Nature Communications, 2018
AEI = * ( ) * EICCIE
ACOy "Mco2 * pair
DLR AT

707 o R
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Relationship of emitted soot particles and nucleated ice crystals

Soot-poor

Soot-rich

1015

Conditions well below
formation threshold

15 |
10 temperature

o

2

=3

g (T=8 =12K)
A

=

3

=

o

o Enhanced activation
3 of ultrafine aqueous
E particles

é 10"

=

=

Variable ambient asrosol
levels and time of activation

Current
emissions

Enhanced

soot particle
activation

Conditions near
formation threshold
temperature (T= &)

10" .

Z

1012 1G13

Emitted soot particle number per kg fuel

1G14

1015

1015

« Soot-poor regime:

- at temperatures near the theshold formation
temperature O:

- number of nucleated ice crystals depends on
ambient temperature below the contrail
formation temperature

Adapted from Karcher,
Nature Communications, 2018
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Cleaner burning jet fuels reduce contrail cloudiness

Contrail ice crystal size distribution Soot size distribution

T ' 1 1 PR T T |

Reference Jet A1 Fuel | The use of sustainable aviation fuels with 4+ ]

E JetA1Ref2; Dyg= 1.9 um ] IOW aromatlc Content |eads to 1ol Non-volatile
Alternative Fuel i

4

Jet A
HEFA blend

N
M T

[
2
o5 _
0 ® SSF1;Dg=2.7 um . . . "_E, 1.0
o * Reduction in soot particles number 2
~ - 08—+ T
a o @ . g
31 1+ Reduction in initial ice particle number 8 °%°7 T
= O
9 ] =
3 @ T %47 -+
mj * Increase in ice particle diameter A 1
5, U |
-OO— : 0 : _ 0.0 —+=+=Ff- o

1 10 » Reduction of contrail cirrus life time 10 100

Ice particle diameter D, (um) and optical depth Dry particle diameter, D (nm)
Voigt et al., Nature Comm EE, 2021 Moore et al., Nature, 2017

See also presentation from Christiane Voigt, RAeS, 28.04.2022

.

nature ' Zr e R i
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Impact of the initial contrail ice particle number on the global radiative

forcing of contrail cirrus

* Reduction in initial ice particle number reduces the radiative

forcing from contrails on global and on the local scale

 Contrail coverage and optical depth is reduced

 Largest effects are seen in ice supersaturated regions and in

the North Atlantic Flight corridor

» Contrall cirrus life time is reduced by 4 to 5 hours compared & '

to present fleet

* A reduction of 80% of the initial contrail ice number re
the global radiative forcing by 50%

Main questions: How and in how far can the initial
contrail ice number be reduced ?

i DLR
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Outline

Short introduction: Why do we care about contrails?

How do contrails form?

How do we detect contrails and their microphysical properties at different evolution stages?

How can we reduce the climate impact from contrails?

Outlook:

How much do we know about contrails from H, combustion and H, fuel cell electric power? What are
the needs from the research perspective?

i DLR




H, contrails : The next generation contrails
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Introducing Airbus ZERoe https://www.dIr.de/content/en/articles/news

Turboprop A s <100 @ 1,000+nm
e ——— w Passengers Range
Hydrogen Liguid Hydrogen
% Hybrid Turboprop @ Storage & Distribution
Engines (x 2) System

Blended-Wing Body
s <200 @ 2,000+nm

Passengers Range

Hydrogen Liguid Hydrogen
% Hybrid Turbofan |:D Storage & Distribution
Engines (x 2) System

| Turbofan

i / )
https://www:aifbUs.com/en/irmovation/
zero-emission/hydrogen/zeroe. - === AIRBUS

ZeroAuvia is developing the first zero-emission powertrain for aviation

DEUTSCHE AIRCRAFT

2
. == ,,,,_/r_,::l\\’“‘
OUR MISSION

https://de.deutscheaircraft.com/news

A Hydrogen-Electric Engine in Every Aircraft
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DLR-research group H2CONTRAIL:
Impact of H,-based engines on contail properties

Contact tina.jurkat@dir.de and simon.unterstrasser@dlr.de

Linking high resolution models
and measurements to answer:

How and where do H, contrails form?
What are their properties ?
How are climate relevant parameters modified?


mailto:tina.jurkat@dlr.de
mailto:simon.unterstrasser@dlr.de
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Linking high resolution models and measurements :
( ) ( ) ( )

: Modelling of Designing instruments and
H, combustion : .
chamber simulations contralls.from H,. H, contrail measurements
engines in demo mission
B
Scale to large jet
aircraft

&
. >,

Derive climate relevant
parameters
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Example of aerosol
i i ] variability in the atmosphere
Contrail properties from H, combustion vs aircraft plumes

300 ""\ ﬁ
] ¢ Jet regime - Vortex regime ! w00 Ai rcraft
Kerosene CombUStlon Plume mixin Wake vortex N } ~. N
and '::n:»olini;,!g| i _ 500 ] A em ISSIO"S 3
Soot and volatile particles @ K
e . + O sgq _..___________d_ ! .
.--‘___'" et '.."- . v 800 1 . ™
» §—|Z> el .E{\ © @ * N & Ambient
= CIuvooN\ e . ® -
—_— LAY - © aerosol
. H — 0.1 secon 0.1 — 1 seconds 1 - 10 seconds - seconds non volatile particles
Hypothetical picture: 0O senends T i0esn® e
- Jet regime >t Vortex regime » particle concentration in cm?

H, combustion

Plume mixing Wake vortex @
. and cooling i
Ambient aerosol @

. + 0.1 seconds 0.1 — 1 seconds 1 — 10 seconds 10 — 100 seconds
: '. .' e
‘..- LY : . )
*." . . ®

But: Measurements and model studies are needed to prove theory and
4#7 to perform a valid cllmate |mpact assessment !!
DLR 4

oy !’..‘E""



Detection of contrails — challenges and future perspectives > tina.jurkat@dir.de « RAeS > 09 Juni 2022

Research needs on contrails from H, combustion for a future climate impact
assessment

According to theory, H, combustion has the potential to reduce the contrails optical properties & life time
and thus reduce the climate impact from aviation

Contrail cirrus
in high-humidity regions

Carbon dioxide (CO,)
emisslons

Net for NO, emissions

Water vapor emissions in
the stratosphere
Net aviation (Non-COy terms)

=50 o 50 100 1
Effective Radiative Forcing (mW m2)

Modified Lee et al (2021)

But: Measurements and model studies are needed to prove theory and
to perform a valid climate impact assessment !!

i DLR
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Contrail properties from H, fuel cells

& Jet regime - Vortex regime >
Kerosene combustion e mixing e v @
\ and cooling
Soot and volatile particles @
—_— e T e
= oviiN\e o e - E\ e © &
—— * -
. . 0 — 0.1 seconds 0.1 — 1 seconds 1 — 10 seconds 10 — 100 seconds
HypOthetlcaI pICtu re. - Jet regime L Vortex regime >

H, Fuel Cell
Ambient aerosol

Plume mixing Wake vortex
and cooling

. o 3 0.1 seconds 0.1 — 1 seconds 1 — 10 seconds 10 — 100 seconds
. ..'.. PR
'-.. . - . .
*." e "

But: Measurements and model studies are needed to prove theory and
#7 to perform a valid climate impact assessment !!
DLR rry
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Theory of contrail formation altitude from H, combustion and H, Fuel Cells

Contrail formation altitude for 100

LH, combustion

] 300 _
H, Fuel cell powered engine

Contrail
30 formation

No contrail
formation

[1+]
But contrails from fuel cells will most likely bes
- optically thinner . | | | | | |
- and are recommended for use in aviation from 800
the climate perspective

o

0

-60/-5'5 -50 -45 -40 -35 -30 -25 -20

enwrlolnmenlal Temperature T (°C)
conditions

Schumann, 200!

G = Elnopep/[¢Q(1 — )]

n="FV/(m Q)

900 |

* Fuel cells have no NOx and no CO, emissions 1000
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H, contrail ice particles
© Jurkat-Witschas, Voigt

DLR

Airborne instrumentation aerosol and trace gas measurements
adaptable to different aircraft, © Sauer, Heckl, Stock, Neumann
speed and altitude ranges

i NOx measurements
© Marsing, Kaufmann, Voigt © Roi

Z

ger, Stock, Harlass




Detection of contrails — challenges and future perspectives > tina.jurkat@dir.de « RAeS > 09 Juni 2022

Global Models

DLR provides expertise on contrail measurements
and modelling on multiple scales

R‘nal and global

‘ Satellite models

Measurements

® High resolution
models

LES

®  Contrail and emission
measurements

roorn
-- r
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With contributions from
Ulrike Burkhardt, Simon Unterstrasser, Elena de la Torre Castro, Johannes Lucke, Martin Wirth,
Klaus Gierens and the CIRRUS HL team
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