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Introduction

he IUP comprisesix departments: Remote Sensing,

Physics and Chemistry of the Atmosphere, Oceamogr
phy, Terrestrial Environmental Physics, Modelling ard O
servation of the Earth System and Climate Modelling.

The Department of Remote Sensingmploys passiveer
mote sensinginstrumentation such as Fourier transform
interferometers and microwave radiometers taking nsea
urements in the spectral region from the infrared to the
microwave. The instruments are located at various ground
based sites ranging from the high Arctic (Saedb to the

tropics (Suriname), as well as aboard research vessels (R.V.

Polarstern) and aircraft. Furthermore, operational satellite
instruments are used to monitor atmospheric and earth
surface properties. Among them are sea ice coverage, water
vapour am clouds. A further research focus is the investig
tion of stratospheric and mesospheric processes including
solar effects on the terrestrial atmosphere. These activities
are supported by atmospheric modelling.

The research activities carried out in thHgepartment of
Physics and Chemistry of the Atmospheaén at improving
the understanding of the complex physical chemicab-pr
cesses in the atmosphere and its interfacedand, ocean,
ice, and deep space. Emphasis is placed on the impact of
anthropogenic and natural changes on the composition of
the troposphere, stratosphere, and mesosphere, including
greenhouse gases, pollutants and reactive gases. A partic
lar focus has &en the scientifidevelopmentand support of
satellite sensors to characterise the chemical composition of
the atmosphere remotely by means of spectroscopy in the
ultraviolet, visible and neainfrared spectral regions using
grating spectrometers. The dapgment pioneered this e-
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search area with the GOME and|SC i i
AMACHY sensors, as well as with theIUP MISSIOI’] Statement

development of future satellite sensor The overarching lgective of the Institute of ERv
concepts for geostionary air pollution  ronmental Physics is to understand the meect
observations (€0SCIA, now Sentinel isms controlling the Earth System and ies |

4) and dedicated greenhouse gamse . . .
sors (CarboSat, potentially becoming sponse to change. This is achieved by usingipt

a COPERNICUS Sentinel mission}- sing@l methods and research focuses on the ¢
lar instruments are operatedrom the systems atmosphere, ocean, cryospherea] toeir

ground (NDACC stations, BREDOMinterfaces. This requires the development and 1
network), on ships (R.V. Polarstern), of remote sensing techniques from the grour
aircrafts and bdloons. Remote sensing from ships, aircraft and satellite platforms and it
is complemeted by insitu exper- iy, measurements for process studies. The d
ments, laborabry work on spectross . .

are coupled with models to interpret the obsarv

py and reaction kinetics, as well as | ] o
modelling of phyial and photocheria tions and improve the prediction of change.

cal processes in the lower, middle and
upper atmosphere.

The main research topics of thgepartment of Oceanoga-
phy are the climate relevant mcesses in the Adhtic Ocean.
The global meridional overtaing circulation (MOC) plays
an important role in the distribtion of the heat received
from the sun and thus for climate and climate change.
Whether and how global warming will affect the circulation
and how thiswill feed back on the climate is one of thence
tral issues of marine research. The department studjes
mainly with experimental methods circulation, formation,
and transformation changes in key regions of the Atlantic
MOC, develops methods to infer thetrength of the MOC,
and improves and expands the tracer analysis techniques.
Other interdisciplinary research themes are the role of wert
cal mixing in water mass transformation and at hydrathe
mal vents, the calculation of upwelling velocities at the
equator and at the coast, as well as the dating of grouadw
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ter. The research is part of national and internationab-pr
grammes such as CLIVAR (Climate Vitiahnd Predictalbi
ity) and CARBOOCEAN (EU Integrated Project).

TheDepartment of Terrestrial Enviromental Physicsnves-
tigates transport processes in porous systems and soils and
conducts research in the fields of radioecology and sediment
chronology. It takes advantage of the excellent equipment
available in the Bremen State Radioactivity Measurements
Lab (which forms part of the state and federal nuclear
emergency management networks) and of a unique Earth
Field NMR apparatus.

Since 2016, the newly establishékpartment of Inverse
Modelling of the Earth Systented by Prof. Vrekoussis hosts
the joint URMARUM working group called LAMOS (Labor
tory for Modelling and Observation of the Earth System).
LAMOS aims at improving our understanding of the complex
mechanisms controlling the emission, transport, tramsfo
mation and deposition of atmospheric polants with the
use of stateof-the-art numerical models and novel ingtr
mentation. Special focus is given on the quantification of
sources and sinks of lodiyed and shorlived species using
satellite observations as proxies.

In July 2017, a new IUP depaent on Climate Modelling
was established under the lead of Prof. Veronika Eyring. In
collaboration with the department orkarth System Model
Evaluation and Analys8 ¥ (G KS DSNXNI Yy
Institute of Atmospheric Physics (DIHR), the new dep&
ment focuses on analysing Earth system model (ESM)-sim
lations in combination with observations to better urrde
stand and project the climate system and anthropogenic
climate changeThe department provides major conttib
tions to the Coupled Model Intercaparison Project (CMIP),
currently in tis [ phase (CMIP6), by contributing to the
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development of the Earth System Model Evaluation Tool
(ESMValTool) and by running the tool on model output
submitted to the CMIP archive.

The IUP is internationally well &wn for its initiation and
participation in a number of advanced spdoerne ms-
sions, in particular GOME and SCIAMACHY. Both sensors
were proposed by the IUP, and the IUP acts as Principal
Investigator. The Global Ozone Monitoring Experiment,
GOME, whichvas the first satellite sensor to measure [ro
ospheric trace constituents from space and has operated
aboard ERS for over 10 years. GOME is a smaller version of
SCIAMACHY, which was launched successfully in 2002 and
also has provided almost a decade oftsessful data. The
GOME and SCIAMACHY data records are now continued by
GOME2, OMI, and SentinddP/TROPOMI, as well as in the
future by Sentined and Sentineb. IUP scientists are ne
tributing actively to all those missions. The IUP is atso i
volved n many international projects with spadmrne
instruments for remotely measuring greenhouse gases and
surface parameter, such as sea ice, the Wadden Sea and
land use. In addition, the IUP runs instrumentation at r
search measurement stations worldwide hkis participated

in many national anéhternational research campaigns using
ships, aircraf and groundbased instruments. Members of
the IUP are actively involved in international scientific orga
isations like COSPAR, IGBAC, WCREPARC, CACGP and

I SNEWNdiErs0o./ SYGiNBQa

The complexity of the environmental system on Ear¢h r
quires a coordinated approach of various scientific idisc
plines. Based on successful collaborations in the past, the
initiative Advancing Earth Observation Scien(BEOShas
been established in 2017 to assess the relevant physical,
chemical, and biological processes by joining the expertise of
different partners from the University of Bremen and



worldwide. Special focus is placed on invesimgya to quantify the
impact of human activity on the Earth system and to separate it
from natural effects.

More than 100 Ph.D. students and postdocs work at the IUR. St
dents in general physics have the option to specialize in emviro
mental physics. A variety of courses, contgdcin cooperation with
colleagues from the Alfretlvegenerinstitute Hdmholtz Cente for
Polar and Maritime Research (AWI) in Bremerhaven is offered at
the IUP. The aim of the environmental physics course is to provide
a basic education in the areas ofettocean, the atmosphere and
the solid Earth. Whereas other German universities cover parts of
environmental physics, for example physical oceanography er m
teorology, as independent subjects, Bremen addresses all of them
within the physics course fully iegrated into the general physics.
The students even have the opportunity to participate in exciting
expeditions worldwide. To strengthen environmental physics as a
course of study in its own right and also to motivate students from
abroad to study in Breme a foursemester international course
leading to a Master of Science (M.Sc.) in Environmental Physics and
a two-semester postgraduate course for the Certificate in Emviro
mental Physics have been offered since autumn 2000. The IUP
educational activitiesvere further developed towards space appl
cations with the new international and application oriented $4a
ters ProgrammeSpace Sciences and Technologi#tscovers the
three basic technologies Remote Sensing, Processing and Gomm
nication. The Programme praoges theoretical knowledge in the
fields of Remote Sensing, Earth Observation, Retrieval Theory,
Electronics and Communications a solid haadgraining.

This document provides an overview of selected research highlights
achieved by the members of the &MUP departments during the
period 2017/2018.
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Department contacts

Vo Physics and Chemistry of the Atmosphere
) Prof. Dr. John P. Burrod&RS
+49421-218 62100
burrows@iup.physik.udbremen.de

Remote Sensing

Prof. Dr. Justus Notholt
+49421-218 62190
jnotholt@iup.physik.urnbremen.de

Oceanography

Prof. Dr. Monika Rhein
+49421 218 62160
mrhein@physik.unbremen.de

Terrestrial Environmental Physics
Dr. Helmut Fischer

+49421-218 62761
hfischer@physik.urAdremen.de

Laboratory for Malelling and Observation
of the Earth System

Prof. Dr. Mihalis Vrekoussis

49 (0)421 218 62140
vrekoussis@iup.physik.unbremen.de

Climate Modelling

Prof. Dr. Veronika Eyring
+49421-21862733
Email:veronika.eyring@unrbremen.de
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Groundbased remote sensing @freenhouse gases using the

sun and the moon as light sources

Matthias Buschmann, Thorsten Warneke, Christof Petri and Justus Notholt

Atmospheric greenhouse gases have a strong impact on
the surface temperatures on EartAnthropogenic activ

ties have resulted in an increase of the atmospheric gree
house gases carbon dioxide @@nd methane (CH and the
consequences of the associated temperature increase are
already visible. Each year several gigatons of &© emitted

into the atmosphere by human activities. Fortunately, only
about 50% of the emitted G®emains in the atmosphere and
thus contributes to global warming. The other 50% are taken
up by natural sinks the terrestrial bosphere and the ocean.
Methane (Ch), the second most important anthropogenic
greenhouse gas after GQOs emitted from highly variable and
not well undestood sources such as wetlands, rice fields,
landfills, oit and gasexploration and ruminants.

In order to relialty

30
25

fghﬂh

5

detrended xCO; / ppm

Figure 2: Ground based remote sensing measur
ments of CQ at the AWIPEV research base in- Ny
Alesund, Spitzbergen. The Qfataderived from solar
absorption measurements are indicated in red and
the lunar absorption measurements in blue

predict the future
] climate of our pla-
}- et a good unde
standing of the
sources and sinks of
CQ and CH is
mandabry. Unfa-
tunately, there are
large gaps in our
understanding  of
the natural sources
and sinks of these
gases. The basis for
understanding the

model daily mean +3¢
# solar FTRCO; <
& lnarFTIRCOz =0

*WWH}{H}H; l&

02 0.4 0.6 08 1.
Fraction of year

w Universitat Bremen

atmospheric greehouse gas budgets are
precise meaurements of damospheric C®
and CH amounts The glbal atmospheric
obsewing system for greghouse gases ¢n
sists of in situ memarements as well as
groundbased and spaeborn remote ses-
ing meaurements. While high quality in situ
measurements are avadble since 60 years,
the technically challenging remote sensing
measurements of C@Qand CH became avai
able only about 15 years ago. In contrast to
the in situ meaurements remote sensing
measurements measure through the whole
atmosphere and satellites provide global
coverage.

Figure 1: Lunar absorption measar
ments in the Arctic at the AWIPE¥-
search base in Nflesund, Spitzbergen.

the lunar light into the building where a

trometer is used to determine the e
centrations of C®and CH in the &-
mosphere from chareteristic absop-
tionsin the lunar light.

The current ground based remotensing network in the
global atmospheric observing system for greenhouse gases
consists of about 25 globally distributed sites. The Institute of
Environmental Physics at the University of Bremen was the
first European group starting these measuremeiisd 4 sites

are currently operated by the University of Bremen. The
measurements in the network are performed during daytime
only since the sun is ad as the light source. We recently
developed a technique talso use the moon as the light
source, which enables measurements during the night. This is
especially important for high latitude sites, where the sun is
not visible for several months duringdhwinter. An example

of the data derived from these lunareasurements is shown

in Figure2.

The solar tracker in the picture directs

Fourier Transform InfraRed (FTIR) spe



Methane measurements in the Amazaan rain forest

Hella van Asperen, Thorsten Warneke, Justus Notholt

he Amazon basin in South America is largely covered by

wetlands and wetlands are the largest source of methane
(CH) to the atmosphere: it has been estimated that thes r
gion is responsible for about one tenth of the annual,CH
emissions to the atmosphere globally. However, the tropical
CH budget is still not well quantified and the Amazon basin's
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estimate, originating
from the upscaling of
individual sources. It
has been suggested
that CH emission

sources inside the
Amazonian wetlands,
such as the (seage

aly) flooded forests,
are underetimated.

A collaboration k-
tween IUP and INPA
(the National Insik
tute for Amazonian
Research, Manaus,
Brazil) was recently
founded, which e-
sulted in the succes
ful installation of an
in-situ  FTIR spe
trometer at the ZF2

fluxes, by use of the Relaxed

Eddy Acamulation (REA)
technique, as well as to
measure concetration

profiles within the canopy.
CH, flux measuements of
this spatial scale and dar
tion do currently not exist in the Amazon. Furthermore,iind
vidual CH source emissions, such as from forest sowtewr
surfaces and tree stems, will be measured in the feturhe
combination of measurements with different spatial scale and
focus will allow us to investigate the contribution of thd-di
ferent CH sources in the footprint of the REA measoents.

Figure3: The measurement tower at the ZF2 field site
close to Manaus (Brazil).

First results(seeFigure4) show the appearance of high ¢H
concentrations during some nights, which have to be further
analysed with regard to wind directions and meteorological
conditions.



*  FTS solar absorption measurements
- RV Polarstern position

Atmospheric measurements during theoRarstern cruise 2017 ;

Mathias Palm, Philipp Richter, Matthias Buschmann, Christine Weinzierl und Justus Notholt R
uring the Polarstern cruises PS 106 (Bremerhawelongyea sky conditions (blue) and in the e il o
byen-> Tromsggand PS 107 (Troms® Longyearbyen) from ence of a thin cloud (green). Thin _ $

May to August 2017, a mobileourier Transforninstrument setup cloud means, the cloud is p#rttrans- i

(IUP004) was deployed to measure atmospheric trace gases in parent, but the cloud itself adds a
emission and absorption mode. The measurement campaign was radiative offset. The height of the _
part of the DFG Transregio TRA(Arctic Amplification-- Climate offset and its strature can be used to »«-%
relevant Atmospheric and Surface Processes and Feedbackamech measure certain cloud parameters, i.e.

nisms (AC3)yww.ac3tr.de). The cruise started in Bremerhaven on  the cloudliquid waterand ice content ~ Figure 5. Cruise track of the Polarstern
the 24th ofMai and ended in Tromsg on the 17th of August 2017.  aswell as the mean radius of thegh cruises PS 106 and PS 107. Emissiorsmez
The cruisdrackin the Arctic isshownin Figures. uid and solid partigls contained in the ~ Uréments were performed -continuously

- whenever conditions allowed.
During PS 1Q6he AG Notholt was part of the PASCAL campaign, clotid= The aetived resu_lts for 11th of .
which was an expedition with main focus on atmospheric trace Jun.e 32017 are s_hown Igure8. These p arameters dgmn_e the
gases, pollution and cloudsubng PS106/2 and PS 107 the main radiative properties of the cloud and inflace the micreclimate
focus of the expedition was biological and oceanograpésearch, below the cloud.
but we opeated our mobile instrument on the shifn Figureg, the
mobile faciity IUP004 is showduring operation

Figure7 shows an example of ession measurements during clear

8

014 : ;ﬂ]mhll 1« i‘; ol '} % L
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Figure 7: Atmospheric spectra emitted Figure6: The IUP004 container on the Figures: Liquid water (LWP) and the effective radius of thepdro
from the atmosphere during clear sky Polarstern in operation. lets as retrieved from FTIR (black) and measured by cloudnet (re
(blue) and a thin cloud (green). on the 11th of June 2017.
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Measurements of mesospheric CO the Arctic

Mathias Palm, Justus Notholt

In 2017 a new instrument measuring CO started to operate
in the Arctic at the AWIPEV research base irANssund,
Spitzbergen. It is a complimentary instrument to an iastr
ment inKiruna, Sweden.

Measurements of mesospheric CO have been used in the past
to obtain descent rates of air in Polar winter (Allen, 1981, de
Zafra, 2004). In order tdo so, the profile of CO is monitored.
Because it is produced in the thermosphere and swifiéy d
pleted in sunlit conditions in the mesosphere and Strat
sphere, it was assumed that the decent of the profifég(re

10) can be used to calculate the descent of air. Ryan (2018)
investigated this claim and found that other processes,nche
istry and transport are nomegligible Figure9). Theefore,

the interpretation of such measurements is more complicated
than though before. Ryan (2018) ggested to use the term

90

80

CO2+hv->CO+0

E70
[1}]
s
%5@ CO + OH->CO2 + H
—September
50 —October |
November
40 . . . . . L L .
0 2 4 12 14 16 18

8
VMR [ppm]

Figurel0: Sinking of the CO profile over the winter pole.
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"effective descent" of the
trace gas insteadncluding
all effects whichlead to a
change in the VMR (volume
mixing ratio) in a given
time.
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Improving sea ice concentratiorer
trieval from microwave satellite d-

servations

Junshen Lu, Georg Heygster, Guraieen

Cea ice is an important component of the global climate
system andindicator of its recent changedt affects the
heat balance, ocean circulation and salt transfer through-var
ous mechanisms. Due to the high albedcseé ice compared

to water, the reduction of the sea ice cover during summer
reduces the albedo and increases the heat input to the ocean,
which in turn reduces the sea ice cover even further and thus
exhibits a positive feedback loop. The melt of sea &e -
crease ocean stratification while the production of sea ice and
the according brine release increases mixing. These processes
are linked to the deep water formation, e.g., in the Greenland
Sea and Weddell Sea. An accurate knowledge of the spatial
andtemporal distribution of sea ice is thus essential to unde
stand and predict weather and climate. Passive microwave
satellite observations have been widely used to deliver such
information, because they are independent of the light cbnd
tion, and are relately insensitive to clouds and weather- i
fluences.

A number of empirical algorithms have been developed to
retrieve sea ice concentration from satellite microwave
brightness temperatures, thanks to the distinct radiometric
signatures of ice and open oaeaMany of these algorithms,
such as NASA Team and Bootstrap, are based on meeasur
ments at 19, 23 and 37 GHz, which restricts the spatial uesol
tion of the retrieval to the coarse spatial resolution of these
frequency channels (approximately 25 km). Sittoe launch

of the AMSR series satellites in 2002, brightness temperatures

@ Universitat Bremen
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Figurell: Ice concentration retrievals of ASI and ASI2 and weather filters from Mar. 15, 20
The top row is based on the original AMER Bs (ASI), the bottom row is based on the a&mo
pherically corrected TBs (ASI2). From left to rigitmn: Sea ice concentration without any
weather filter, gradient ratio GR(23, 18), gradient ratio GR(36, 18), and sea ice concentra
with weather filters GR(23, 18) and GR(36, 18) applied. The thresholds for the weather fil
are marked on the cofdbars. 12 GR(36.18) threshold is 0.07

are observed at 89 GHz with a much improved spatial vesol
tion of about 5 km. The ARTIST sea ice (ASI) algorithm utilizes
the polarization difference of brightness temperatures at 89
GHz and thus provides global daily sea ice concentration at
unprecedented spatial resolution (Spreen et al., 2008). Gran
ed by the improved resolution, the ASI ice concentration can
reveal fine structures of ice and more detailed ice conditions
near the ce edge. However, brightness temperatures at
89 GHz are more prone to weather contamination compared
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to the lower frequencies. Influences from the atmospheric
water absorption/emission and wind roughened ocearr-su
face scattering in general increase the AStieved ice co-
centration, and often lead to erroneous ice detection over
open ocean Figure 11a). A common approach is to apply
threshold based weather filters &t eliminate erroneous ice
concentration on a statistical basigrigure 11d). The disd-
vantage of this approach is evident in the marginal ice zone,
where either weaher induced spurious ice is left uncorrected,
or sea ice is falsely removedrigurel2a). Another approach is

to correct the atmospheric influences on the observedyhir
ness temperatures explicitly. This method requires knowledge
of the atmospheric condition, and a radiative forward model.

The improved sea ice concentration retrieval algorithm edm
ASI2 developed at the University of Bremen uses atmospheric
corrected AMSHE brightness temperatures at 89 GHz (Lu et
al., 2018). The correction is carried out by simulating changes
in brightness temperatures caused by weather contaamin
tions using a miowave emission forward model of thet-a
mosphere. New tie points are derived based on the corrected
brightness temperatures. Wind speed, total wateapour,
liquid water path and surface temperature are dominanbge
physical quantities that cause weather ¢amination. In the-

ory, influences from all mentioned parameters can be-co
rected if the exact atmospheric condition of the satellite pve
flight is known. However, observation data is sparse in the
Polar RegionsNumerical weather prediction data on the
other hand has a better coverage and is reliable for most of
the parameters except for liquid water path which is cortrec
ed to clouds and thus highly variant in space and time. We
therefore use ERd#nterim forecast data for the correction
scheme of ASI2, arekclude liquid water path to avoid irgr
ducing uncertainty from the atmospheric data.

@ Universitat Bremen
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Figurel2: Ice concentration retrieved by ASI (left) and ASI2 (right) overlaid on MODIS im
Fram Strait from Apr. 22, 2008. Sea ice areas appear yellow or brown, clouds are white ¢
and open water appears dark blue/black. SIC of 15%, 30%, and 90% are marked by
yellow, and red isolines, respectively. The actual ice edge is denotéaelned arrows. Ice
concentration of 15% is a common threshold to determine ice edge. The ASI2 detect
edge (green contour on the right) is much closer to the actual ice edge than the ASI one.

With the atmospheric correction, typical radiometric sign
tures of water and ice can be better distinguished. The ASI2
ice concentration is much improved in regions @i lice com-
centration and the ice edge is represented more accurately
(Figurelo 0 ©@ ! f a2
the ice concentration, over theece pack are less pronounced
on the ASI2 daily ice concentration maps than ASI. Spurious
ice is significantly reduced, but not completely eliminated due
to influences from the uncorrected liquid water patRigure
11e). A relaxed weather filter sensitive to liquid water path,
the gradient ratio (GR) of the corrected 36V and 18V lbrigh
ness temperaturesHigurel1g), is applied to clear the renmai

ing spurious ice. The improved weather filter better outlines
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2008 Arctic Sea Ice Extent 2008 Arctic Sea Ice Area

ice edge and compromises much less low ice concentration
compared to the weather filters used by ASI. Comparison of
ASI2 dailyce extent/area from 2008 to a humber of icerco
centration algorithms confirms that ASI2 outperforms ASI in
regions of low ice concentration, and agrees better with other
algorithms Figure 13). The remaining challenge of the ASI2
algorithm is the uncompensated influences of liquid clouds.
This can in principal be improved with better liquid water path
data retrieved at the exact satellite foot print. Sugldata set

10 10

Sea Ice Extent (million km?)
Sea Ice Area (million km?)

ASI| ASI|

is now available (Scarlat et al., 2017), and a variation of the — Asi2 — ASI2

ASI2 algorithm including liquid cloud correction is under d = e | Py

velopment. —— ABA — ABA
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Sea ice thickness retrieval using microwave satellite

observations

/ NG Nf A yGedrd Heygdted Marcus Huntemann, and Gunnar Spreen
NE f Sf theynewi 8o M@stuldIA&ieda O

CSI LOS LxXrea I OSydNIft
“=and thus, knowledge about its properties and extent is
important for climate modelling and prediction as well as
for planning shipping routes in the polar regions. Thekhic
ness of sea ice determines the heat exchange between the
ocean and the atmosphere as well as the resistance against
the deforming forces of wind and ocean currents. Already a
thin layer of sea ic@rovides a surface for snow to deposit.
Snow accumulation even further reduces the heat exchange
and increases the albedo. The amount of thicker multiyear
ice has been strongly decreasing during the last decades, but
the winter sea ice maximum only littl§ hus, today the area

of thinner firstyear ice makes up a considerably larger part
of the sea ice covered region. Daily observations of the ice
cover and its thickness are important to track these rapid
changes and improve our understanding of the Arcfie
mate system.

One way of measuring sea ice thickness is using passive
microwave satellite observations. More specifically, in the L
band (1.4 GHz) part of the electromagnetic sea ice emissions
do not come only from the surface, but also from deeper
layers underneath. For ice thinner than about 50 cm, ter
fore, a relation of emitted radiation to ice thickness can be
exploited. Another advantage oftland radiometry is that

the atmosphere (clouds, precipitation, etc.) has smalluinfl
ence on the surface eission when traveling through the
atmosphere towardsthe sensor and, as at all microwave
frequencies, observations at-lhand can be used during the
long polar night when no light is available. With the launch

@ Universitat Bremen
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Passive (SMAR}band radome-
ter in 2015, a preously devé
oped retrieval algrithm for thin
sea ice thickness (Huntemann et
al., 2014) which uses data from
the Soil Moisture Ocean Salinity
(SMOS) sensor has been adapted
to use brightness temperature
(TB) data from thenew sensor
(Patilea et al., 2017)Figure 14
represents an example of one day
of data from both sensors used
for ice thickness retrieval. At that
time of year sea ie freezeup has
started and large parts of the
marginal seas (e.g. Laptev and
Kara Seas) of the Arctic Ocean are covered with thin sea ice.
We can also observe that in some regions like the Laptev
Sea, the sea ice along the shores already got thicker 5@an
cm while in the central Laptev Sea still areas of thin sea ice
prevail. There is an area around the North Pole, where there
is no usable satellite data available. That area, however, is
covered by thicker sea ice almost yeaund. Thus, the
complete kband datatime seriesallows monitoring the
development of thin ice areas in the Arctic Ocean since the
start of SMOS in 2016igurel5 shows an example oftame
saies of L-band retrieved data in the Laptev Sea. The start
of each year is taken as 15th ofpiEmber which is appme-

50°N

Arctic 27 Oct 2017

SMOS/SMAP

University of Bremen 10 20 30 40 50
Ice thickness [cm]

Figurel4: Map of sea ice thickness from the 27th of
October 2017 retrieved using SMOS and SiaAfa
over the Arctic. Ice thicknesses up to 50 cm can b
retrieved and are shown here.
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imately around the Arctic sea ice minimum. We can see that
by 15th to 20th of October most of the Laptev Sea ig-co
ered in sea iceHigurel5 middle plot) by that time also the
mean ice thickness increases and reaches the maximum ice
thickness of 50 cm that can be retrieved only about one
month later byl5 November Kigurel5 bottom plot). In the

top plot we can also observe that there is variabilitg-b
tween the years, with 2011 having a late freageand ca-
taining dominantly thin sea ice until the start of Deteer,
while in 2016, thick sea ice becomes dominant approxamat
ly three weeksarlier.

A method to quantify the uncertainty of the new data set
has been devieped based on the sensitivity of the retrieval
to changes in brightnessitgperature and is shown iRigure
16. The unceainty increases with ice thkoess. For ice
thickness of about 50 cm the average urtaety reaches 30
cm due to high seritévity to the change in brightness ne-
peratures combined with unctainty of the sea ice conce
tration that will
impact it. Thus,
here we only
present ice
thickness up to
50 cm. The sea
ice  concenta-
GA2YyQa
higher uncertai-
ties is due to
brightness ten-
perature satrra-
tion over 50 cm.
An ice thigness
much higher
than 50 cm com-
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Figurel6: Sea ice thickness (x axis) versus uncertaint
(y axis) using SMOS and SMAP data for the 27th
October 2017 (see map iRigure14); the red curve
represents the mean
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Figurel5: Time series of sea ice thickness (SIT) in the Laptev Sea (see red outlir
lower-right map) from 15 September to 31 Marébr each of the seven years 2010
to 2016. The top plot shows the fraction of the complete Laptev Sea area covered
thin sea ice, i.e., sea ice below 51 cm. The middle plot shows the fraction of !
Laptev Sea area covered by sea ice independent ofitkrtess, i.e., the ice conce
tration. The mean seie thickness for the Laptev Sea is shown in the (bottom) plo
Note the maximum ice thicknesretrieved is 50 cm and fafates when that thik-
ness is reached the actual mean thickness is liele higher.

retrieved sea ice thicknesses below 50 cm. Since this sea ice
thickness data set represents a daily thickness at lowkthic
nesses and temperatures, the physical variability ofkhic
ness within one dga is much higher gopared to higher
thickness which ricreases the uncetainty for thinner sea

Ice.
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Snow depth on Arctic sea ice

Philip Rostosky, Georg Heygster, Christian Melsheimer, Gunnar Spreen

Cnow on Arctic sea ice plays an important role in the-Ar
tic climate system. It reflectde majority of the incan-
ing solar radiation anchsuates the sea ice from warm air in
summer and therefore slows down its melting. In addition,
information about snow depth is needed for sea ice khic
ness retrievals based on satellite altimetry.
However, the vast area and the extreme weather conditions
make it difficult tomonitor the snow during Arctic winter. In
situ measurements of snow depth on sea ice are rare and
mostly obtained in spring drause they equire daylight
conditions. Drifting buoys may cover a whole winter season
but their meas-

Snow depth in March 2015 urements are

only repe-

sentaive for a
small area
around the

buoy. Satellites
provide the only
tool to observe
the whole Arctic
on a daily basis.
Here we pe-
sent a new
snow depth
retrieval based

Fgure 18 Monthly averaged snow depth for March

on passive m
crowave saté

2015. The black contour line is the monthly averagec lite  obsena-
border between multiyear ice and firgear ice. tions (Rostosky
et al, 2018).
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Passive microwave llites
are independent of sunlight
and clouds and provide daily,
Arcticwide observations, with,
however, coarse spatial ressl 5
tion (e.g. 25km?). The retrieval

OIB snow depth [cm]
]

. slope = -552 6% intercept = 19.26
® *  cor=-0.73 RMSD = 3.71, N = 251

of snow depth from microwave BT 003 R 001

radiometer obsevations s GR(19/7)

based on the different scatte
ing properties of snow grains at
different microwave freque-
cies. Methods to derive snow
depth from microwave radim-
eters are already known since the 1990s. The new retrieval
developed here, however, uses a different set of microwave
frequencies (6.%5Hz and 18.GHz) and is extended to Arctic
multiyear ice (ice that has survived at least on summer melt)
while previous retrievals only work over firgear ice (ice
that has formed since the beginning of the freezing season).
The method uses an empirical linear rédet between the
gradent ratio GR(v1,v2) of satellite observed brightness
temperatures at two different frequencies (v1 and v2) and
snow depth (GR(v1,v2)= (tbwltbv2)/(tbvl + tbv2)). The
retrieval has the form Sd = a+b*GR(v1,v2), where Sd is the
snow deph and a and b are empirical regression coeff
cients.

In order to derive the regression coefficients, satellite- o
servations are compared to airborne snow depth measur
ments (obtained in each spring from 2009 to 2016) from the
NASA Operation IceBridgenspaign (OIB)Figurel7 shows

the scatter plot of the satellite observations (GR(19/7)) and

0.00

0.01

Figure 17. Scatter plot between OIB snow depth and
GR(19/7) over firsyear ice. In addition, the regression line
(black line) and the regression coefficients, the correlatior
(cor) and the RMSD and number of points (N) are shown
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OIB snow depth over Arctic firgear ice. We find good co
respondence betwen the satellite and airborne datasets.
The correlation (cor) between both datasets;73 and the
root mean square error (RMSD) is 3c¢fi. Over Arctic miu
tiyear ice, we find a reasonable relation (not shown here)
but with higher errors (RMSD = 6.68). Figure 18 shows
the monthly averaged snow depth in March 2015 derived
with the new retriewal. The black contour marks thmrder
between multiyear ice and firstear ice. The deepest snow
is retrieved north of the Canadian Archipelago and és b
tween 35cm and 45cmdeep. In the central Arctidhe snow
depth is around 2@m. The lowest values are found in the
Kara and Laptev Seas where the snow depth is between
10cm and 15cm. The current retrieval is only evaluated for
spring snow since the OIB snow depth measurements are
limited to March and April. In spring we find a very good
performance of the retrieval over firgtear ice and a &
sonable performance over miyear ice. For firsyear ice
regions we can look into the temporal development of the
snow depth.Figure19 shows the snow depth time series
from 2005 to 2016 for th Beaufort Sea. We find significant
variability in snow depth for all winter months. For example,
winter 2014/2015 starts with a high snow depth of more
than 25cm already in October which increases tocs2 in
January. Thereafter it strongly decreasesiagahile in most
other years the snow depth increases more monotonously
from October to April.
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Figurel9: Monthly averaged snow depth in the Beaufort Sea from winter
2005/2006 to winter 2015/2016

References:

Rostosky, PSpreenG.,Farrell,S.L.Frost T, HeygsterG, and
Melsheimer,C.:Snow Depth Retrieval on Arctic Sea Ice Fros Pa
sive Microwave Radiometetsimprovements and Extensions to
Multiyear Ice Using Lower Frequencies, Journal of Geophysical
Research: Oceans, 123, doi.org/10.1029/2018JC01402818

17



Seaice leads area fretion from Sentinell Sythetic Aperture Radar

(SAR) images

Dmitrii Murashkin, Gunnar Spreen, Marcus Huntemann

Cea ice covers a significant part of thecdg Ocean. In winter it
works as an insator between the relatively warm oceaand

the cold atmosphere. One of the important features of the ice-co

er is the presence of sdae leads. Leads are larger cracks in the sea
ice covered by open water or thin ice surrounded by a thicker sea
ice. They form in the process of ice fracturingedto shear and
divergence stresses in the sea ice cover. These stresses are often
forced by ocean auents, tides, and by winds in tharaosphere.
Leads regulate the heat, gas and moisture fluxes between the
ocean and the atmgphere. Intense heatx@hangeat the waterair
boundary during winter leads to an increased sea ice production in
areas of open water. Therefore, spatial and temporal distidns

of leads are of interest for climate studies. Also leads are areas of
increased biological activity irhé Arctic Ocean (phytoplankton

blooms). Life of Arctic animals (e.g. walruses, polar bears, birds) is
often tied to leads. And finally, leads are important for shipping as
vessels can travel much faster and feebnomic through leads
than through the sumunding sea ice.

Field measurements in the Arctic are hard and expensive te pe
form. Remotesensing methods provide measurements covering
large areas in the Arctic. @hetic Aperture Radar (SAR) sensors
are able to provide high resolution data (~80) with good spatial
(~400km for a single scene) and temporal coverage. The Cépern
cus Setinel-1 mission currently comprises two satellites with a SAR
as primary instrument. In the Extra Wide swath mode, SAR images
are acquired at both HH and HV polarizations. In this mode, the
backscatter of the electimagnetic wave transmitted at 5.4 GHz
frequency at horizontal polarization is received and decomposed

classification binarization into horizantal (HH) and vertical (HV)
)  § polarization components. SentinglSAR
HH i result provides images with 40 meters pixel
; oa / size over oceans including areas covered
< 06 J with sea ice.
BT '-., 04 |
Ty 1{(/.{- 0z |/ E
i o0 i
band ratio join results
a b e g

Figure20: Lead detection algorithm. (a) and (b) are the original SAR data (3 Feb 2016, 22:29, Canadian Arctic; size
area shown is about 150km by 80km), HH and HV respectively. (c) is the band r&t\. it and (e) are probabilistic
classification results of (a) and (c). (f) is the sum of (d) and (e). (g) is the binary classification derived fropplgfinigy a

a threshold of 50%
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Lead Area Fraction, 03 February 2018.

We analyse dudband images taken by Sent
nel-l to map sea ice leads. The HH band is
used for detection of leads that have a
smoah surface, i.e., open water without
significant swell and thin sea ice formed-u
der calm conditions. In case of a wind
roughened ocean surface, backscatter in the
HH band shows strong depédence on ing
dence angle. This might affect sea ceater
discrimination. Therefore the band ratio
(HH/ HV) is used in addition to HH backisca
ter values. Backscatter values are extended
with several textural features for both the HH
band and the band ratio. These in total 25
features are used in a supervised claeaifi
tion employing a random forest classifier do distinguish the leads
from sea ice (Mrashkinet al, 2018). The trained classifier is then
applied to all Setinel-1 images acquired during one day. Ansilu
tration for the classification process is shown Figure20. The HH
band and the band ratio are classified independently. Results of the
two classifications are probabilities for each pixel to be a lead. Both
results as summed up and then a threshald50% is applied to
produce the final biary lead map.

20°W

Finally, scenes produced within one day are combined into a binary
lead map of the Arctic with a spatial resolution of 80 meters. A sea
ice mask based on 15% sea ice concentration from the AMSR2
passve microwave satellite radiometer is applied (Spregal.,
2008). To obtain statistical information of the distribution of leads
and to visualize the leads in the Fram Strait region we calculate the
lead area fraction on a 800 meters grid (showrFigure21a). The
Fram Strait is the major route for sea ice exported from the central
Arctic. Due to high deformation rates in the region, many leads are
formed as it carbe seen irFigure2la.

w Universitat Bremen

Lead Area Fraction, 03 Februa

ry 2018.
= A .

“165°N

V1 65°N

10°W 0°

Figure2l: Lead Area Fraction in the Fram Strait regiteft) and the Arctic Ocean (right), botim February 3, 2018

Arcticwide lead area fraction on akn grid is presented ifigure

21b. Higher lead area fraction values are observed in the areas of
thin sea ice (Kara Sea, Laptev Sea, Baffin Bay), in the areas of high
sea ice deformation rates (Fram Strait), and along the sea ice edge
(white areas are either not coverdry sea ice oby SAR data).

Maps of leads with 80 meter resolution provide the opportunity to
analyse the distribution of leads and their temporal evolution. A
better understanding of lead variability can lead to a better eepr
sentation of them in climatand regional forecast models. Which in
turn can help to, e.g., understand the biological activity in the Arctic
better and provide additional information for navigation Rolar
Regions
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Synergistic exploitation of fiper-and
multispectral satellite data for quant-
tative estimates of different narine
phytoplankton types

Svetlana Losa, Mariana Soppa, Tilman Dinter, Aleksandra Wolanin,
Robert Brewin, Annick Bricaud, Julia Oelker, llka PeekararBesentili,
Vladimir Rozanov andlstrid Bracher

To assess the feedback of climate change on theimeasys-
tem, information on the distribution of major phytoplankton
functional types (PFTs) is essential since they take different
roles in the global marine ecosystem and biogeochemigal c
cles. The phytoplankton diversity retrievals conducted over the
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R PhytoDOAS error covariance matrix N — is the number of OC-PFT sub-pixels
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Figure22: Diagram exemplifying the SynSenPFT algorithm that updates the PFT informa
from each OGPFT subpixel (x°) within a PhytoDOAS pixel given the PhytoDOAS Chja (
and a priori error statistics introduced in the Kalman ¢aiwhich results in SynSenPFT Chla
(@) at each OGPFT subpixel.

lag years were based on applying various algorithms mostly to  based approaches: they caoinpredict atypcal associations,
multispectral satellite data. The relatively high spatial angh-te the relationships derived may differ regionally.

poral resolution of the multispectral ocean colour data make
them attractive for exploiting in phytoplankton dynamics and
phenologystudies. However the ocean colour sensors provide
information on water leaving radiance at rather limited number

of spectrd bands (up to 5) with the bandidths varying from

7.5 nm to 20 nm. This spectral resolution is accurate enough to
retrieve the co© SY i NI A2y 2F (20 fg- OKf
ment produced by all phytoplankton sgies), but products are

Former and current satellite instruments with a very highcspe

tral resolution (<1 nm) provide the opportunity for distinguHs

ing more accurately multiple PFTs by relyingliekly on spe-

tral signatures of specific PFT retrieved directly from the input

information (spectral approaches). The capability to retrieve

antitativel jor PFTs, based on ir abs rptlo roperties
3 £ F[m?/

Nbe NN nstr&éd O(/vlth the tcﬁ)lan ton ntlal

Optical Absorption Spectroscopy (PhytoDOAS) method (deve

limited to either only indicating size fractions or the dominance oped by the AWIUP PHYTOOPTICS group) in the open ocean

of phytoplankton groups by applying empirical relationships
between total ChlaTChla) andn situ marker pigments dete
mined using high precision liquid chromatography (HPLC). The
empirical nature of these relationships (usually estimated in a
global context) leads to limitations of the salled abundance

w Universitat Bremen

using hyperd LISOG NI £ al dSttA0dS RIFEGE FNRBY GKS
Imaging Absorption Spectrometer for Atmospheric CHgwto

raphY" (SCIAMAGH However, the global exploitation of-h

per-spectral satellite data for ocean colour applications has

been very limited, since the pixel size of these data is very large
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(30 km by 60 km) and global coverage by these measurements over the entire ENIVSAT ssiion time is publicly available at

is reached only within %idays. https://doi.pangaea.de/10.1594/PANGAEA.87587Bigure 23

A recent study led by theAWHUPPHYTOOPTI@®upin cd- shows the Sy&enPFT products for the global ocean in Smpte
laboration with the [ 6 2 N} 62 ANBE RQh CS | y 2 BeN200BKThe SynRe®PFTralgorithm can later be applieg-to h
franche LOV), Villefranche, France, and the Plymouth Marine perspectral sensorsuch asSentinel5-Precursor, Sentinet and

Laboratory PML), Plymouth, United Kirtpm, suggests how to Sentinel5 in combination withthe multispectral sensor OLCI on
overcome the aforementioned shoedomings (see details in Sentinel3 to ensurea further improved spatial resolution of the

Bracher et al. 2017), of current multispectral PFT products-(su retrieved PFT Chla product and the prolongation of the time
plying either dominant groups only, or data products with series over the next decades.

strong linkage to a priori information) and of currefty-
tol?r(])AS(:jata [Ijrodgcttrs] (|(;W tgmpslfrl alnd S.fa.tlal Cg\zler:g?%' The Bracher, A., Bouman, H., Brewin, R., Bricaud, A., Brotas, V., Ciotti, A., et
authors develope € synsen algorithigure22) by the al.: Obtaining phytoplankton dersity from ocean color: A scientific

synegistic use of low spatial resolutidyperspectral data with roadmap for future development. Frontiers in Marine Science 4, 55.
higher spatial and temporal resolution multispectral satellite doi:10.3389/fmars.2017.00052017

data: They mproved/revised the existing PFT algorithmsyPh
toDOAS (based on hyperspectral data, current version at
https://doi.pangaea.de/10.1594/
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asmultispectral ocean colour data but using the spectral iinfo
mation from the hypesspectral data. The abg
rithm principles, sensitivity studies and its tho Dia-SynSenPET Chia: 09 2006 Coc-SynSenPFT Chia: 09 2006 Cya-SynSenPT Chia: 09 2006
ough \alidation against a large global -situ : R 2 o ol
phytoplankton group data set
(https://doi.org/10.1594/PANGAEA.8758)79
have been pulished in Losa et al. (2017).

The SynSenPFT data product provided as-chli S
NP LJKaE f fOehifiations of three major pyr _T w
toplankton groups, namely dioms, coccolitlo- ] ] 01 02 o3 04 05
phores and prokaryotic phytoplankton (also e e o

called cyanobacteria) at a 4km x 4km resolution
grid covering the global ocean on a daily basis

Figure23: Monthly mean SynSenPFT Chla product of diatoms (Dia), coccolithophores (Coc) and cyanobacteria
for September 2006.
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Carbon dioxide and methane from
satdlites

Michael Buchwitz, Maximilian Reuter, Oliver Schneising, Stefan

Noél, Jens HeymanwJadimir Rozanov, Heinrich Bovensmann,
and John P. Burrows

arbon dioxide (C¢ and methane (CH are the two most

AYLRNII yG
(GHG) contributing to global warminGarbon monoxide (CO) is
an important air pollutat affecting human health. Despite their
importance, our understanding of their variable atmospheric
concentrations and related natural and anthropogenic sources
and sinks has significant gaps. We derive information about
these gases from radiance spectreeasured by satellites, ge
erate and deliver corresponding scientific and operational a
Y2ALIKSNAO O2yOSYyiGNYGA2Y RIGE
these gases and use these measurements to improve our
knowledge about these important atmospheric consgitus.

Of particular relevance are satellite observations with high
measurement sensitivity to GOCH and/or CO concentration
OKIFIy3Sa Otz2alsS G2 GKS 91 NIKQa
signals are largest. Currently, we are using primarily theviello
ing satellite instruments: SCIAMACHY on ENVISAT -1,
TANSEFTS/GSAT (since 2009), O€dsince2014) and Seiirt
nel-5-Precursor (S5P, since 2017). In addition, we are working
on the specification of new satellites, in particular for better,CO
observatons in the future.

For example, we used satellite data to obtain information on
the CQ emissions of the Indonesian fires in 2017. To address
GKA&Z ¢S
with inverse modelling schemes to quantify the J&issions
from Indonesian biomass burning. Theykresults are shown in

w Universitat Bremen
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Figure24: Estimated C@emissions from the 2015 Indonesian fires as obtained from-QG&d-

lite data using 2 different methods (red bars) compared to indef@at emission data bases (grey

bars) (from: Heymann et al., 2017).

Fj < b athe-estimated issi |
R e 8 S N O er Dz s ®
and November 2015.

In October 2017 the Sentin&lPrecursor (S5P) satellite has
been successfully launched. At IUP the retrieval algorithm

F S FMD) ichahas. initial I,
R TR oA S b o or e £A Y 1
retrieval of methane (CH and carbon monoxide (CO) vertical
columns. First results are shown kigure25. The new S5P CO
data show mub more detail in terms of spatial and temporal
resolution compard to SCIAMACHY on ENVISAT. The IUP CO
data product obtained from S5P has been compared with
groundbased data and good agreement has been found. It is
planned to use the atmospheric CO contation data product
to obtain information on the emissions of localized CO Sources
Ay (GKS ¥Fdzi dzZNB @

2 ¥
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The IUP of the University of Bremen is also strongly invdlved
the specification of improved future satellites in particular for =~ - e . .
anthropogenic COmonitoring. In this context the IUP is prdvi ) v~ .y ' )
ing expertise to the European Space Agency (ESA) and the Eur g - ; okyo

pean Commission (EC) for the planned Copernicus candidate _ 7 .
CQ monitoring (CO2M) mission and IUP member Dr. M.hBuc ‘ onge :
witz has been selected to be a member of the ESA/EU CO2M

Mission Advisory Group (MAG). The CO2M mission evolves from
the IUP lead CarbonSat intiative.

0z
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First high resolutiom BrO column retrievals from TROPOMI

Sora Seo, Andreas Richter, Aitarlene Blechschmidt, llias Bougoudis and John P. Burrows

In spite of their low atmospheric concentrations, halogens and
their oxides play important roles inoth the troposphere and

the stratosphere. They are highly reactive, can act as efficient
catalysts in ozone depletion and in the case of iodine, they are
involved in particle formation in particular in remote regions.
Stratospheric halogen loading hadaage anthropogenic ao-
ponent with CFCs and halons released by human activity co
tributing significantly to observed levelsnd leading to the
annual formation of the springtime ozone hole over the Antar

tic. In the troposphere, halogens are mostly reled$rom nati-

ral sources such as sea salt, volcanic emissions and biogenic
activities.

Bromine monoxidg(BrO)has structured absorption spectra in
the UV part of the spectrum and can therefore be detected by
absorption spectroscopy. With the launch of th©RE instu-
ment in 1995, such measurements have become possible from
space, and it were GOME observations which for the first time
documented the extent and intensity bfomine chemistry over
sea ice covered areas in spring in both hemispheres. Since then,
BrO retrievals have been applied to data from the folopv
missions SCIAMACHY, OMI, and the GQMEries of inst-
ments, successively improving spatial resolution and coverage.
In October 2017, the TROPOMI instrument on SentnBle-

(a)

TROPOMI BrO VCD (orbit# 2537)

In a frst demonstration, Seo et al., 2018
have tested the @plicability of existing
BrO retrievds to measurements of TR
POMI, applied it to a limited set of mea
urements and compared the results to
those obtained by OMI and GOMIB.

A detailed analysis of the impact of cteo
ing different wavelength regions for the
retrieval showed, that the resultare very
sensitive to this choice, depending on the
measurement scenario analysed. At low
sun, absorption by ozone can interfere
with the BrO retrieval, limiting the usable
spectral range at shorter wavelengths
where ozone absorption becomes large. At
larger wavelengths, spectral interference
by Raman scattering in the atmosphere
(Ring effect) becomes a problem, in petti
ular at high sun and in the presence of
clouds. As the absorption cresections of
BrO and formaldehyde (HCHO) are similar
for some band, care must be taken to
avoid regions with high correlation eb

(b)

OMI BrO VCD (orbit# 73059)

(c
©) GOME-2B BrO VCD (orbit# 28847)

10.0

BrO VCD [10" molec cm ]

BrO VCD [10" molec cm?]

BrO VCD [10™ molec cm?)

Figure 26: Comparison of BrO observation
over part of the Arctic on April 10, 2018 fror
TROPOM(top), OMI (middle) and GOMEB
(bottom). While TROPOMI and OMI are
early afternoon orbits having similar overpas
times, GOME2B is in an early morning orbit.

tween these two absdrers. Based on the
analysis of severalROPOMtest cases, a
fitting range of 334.6858 nm was selected
as the optimal wavelength range for OR
POMI BrO retrievals for mostf the pos$
ble measurement situations.

cursor was succesdfy launched into an early afternoon orbit,
and this instrument also provides the spectral coverage and
resolution for BrO retrievals. Compared to its predecessors,
TROPOMI has much improved spatial resolution (3.5 x*7akm
nadir, to be reduced to 3.55%5 knf in 2019) with nearly global
coverage each day and at a signal to noise ratio whichngpae
rable to that of earlier instruments on a per pixel basis.
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With these settings, a consistent BrO retrieval could be- pe
formed on TROPOMI spectra, and one example is shown in
Figure26 for parts of a single orbit over the Arctic. For conipar
son, also the simultaneous measurements from OMI and
GOME2B are shown.Two regions of enhanced BrO can be
distinguished, one narrow band extending from Nowaja Semlja
along the coastand asecond,larger region further North on
the Kara Sea. The same pattern can be seen in the GZBVIE
data, albeit with much less detail and slightly displaced as the
observational time was not identical. OMI measurements only
show part ofthe BrO enhancement as spatial coverage of the
instrument is reduced because of the so called row anomaly.
This example demonstrates the level of detail that is provided
by TROPOMI BrO retrievals and that the signal to noise of these
data is excellent. Whahe origin for the narrow BrO plume is,
and whether its peculiar shape is the result of local meteorology
or of bromine release along the coast will be the subject of
further analysis.

Another weltknown BrO source is the Rann of Kutch salt marsh.
GOME2 and OMI data have been used to investigate the spatial
and temporal variationof BrO levels in this region based on
monthly and seasonal averages in Hormann et al., 2013. Here, it
is shavn that TROPOMI data has sufficient spatial resolution
and signal to noise ratio to provide images of the distribution of
BrO on a daily basifigure27). Comparisomwith matching OMI
data shows that the enhancement is also present in OMI r
trievals, due to the higher noise it is however difficult to identify
and interpret. With the enhanced resolution of TROPOMI, it will
be possible to study the spatial distributiorf 8rO over the
march in much more detail, enabling separation of the effects
of transport and local emissions.

In addition to the case studies shown here, also a longer time
series of BrO columns from the three instruments PRMI,
OMI, and GOMEB iscompared in Seo et al., 2018, showing

@ Universitat Bremen
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Figure27: Daily BrO geometric vedal columns [16 molec crf12] over the Rann of Kutch
salt marsh on 11, 12, 13, and 14 April 2018 from TROPOMI (top) and OMI (middée) m
urements as well as MODIS Aqua true colour images over the study region for the si
days (bottom).

good but not perfect consistency between the results of the
sensors. Future studies will have to improve on the treatment
of light path (geometric assumptions were used here) amd i
vestigate the reasons for remainingffdrences between the
data sets. The main focus however will be on the atmospheric
interpretation of this unique new data set of atmospheric BrO
columns.
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Ozone long-term changes 2003-2017

Longterm changes in stratospheric
ozone from satellie observations
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bsorbing the UV radiation from the sun, ozone plays a crucial

NEES Ay (GKS 9 NIKQA& raniaNdutil? & LIK SNB =
to 50 km above the surface. Thereby it acts as a protective shield
for living organisms at the Eartburfaceand heats the strai-
sphere driving dynamic processes. Total ozone is an important
factor that determines how much of the harmful U¥dration
reaches the surface. In order to disentangle dynamical andhehe
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Figure28: Ozone longerm changes over the 2063017 periodin % per decade. Left panel:

zonally averaged values as a function of the altitude and latitude. Right panel: longitudin
resolved linear changes of ozone at the altitude of 42 km. Hatched areas indicate n
significant trends. Grey area marks the SoAthantic Anomaly (SAA), where the detectors of
the instruments might be affected by the high energy particles flux.

g KA

ical processes in the atmosphere, the vertical distribution of
ozone (profiles) have to be measured. Since ozone depleting
substances (ODS), which were phased out under the Montreal
Protocol agreement in 1986, are declining in the stratosphere, it
is expected that ozone will slowly recover. First signs of ozone
recovery were indeed identified in the upper stratosphere. Space
borne observations are highly important for stratospheric $tsd

as they are capable of providing loteym data sets with a global
coverage allowing us to study the temporal evolution of the a
mospheric composition. Continued observations of ozone with
satellites are paramount to monitor the success of the Montreal
Protocol and to study the interaction between ozone and apan
ing climate. The Institute of Environmental Physics (IUP) of the
University of Bremen was actively involved in the preparation of
the WMO/UNEP Scientific Assessment on Stratospheric Depletion
2018.

Longterm changes in ozone profiles

Satellite instruments measuring in lindiewing geometry b-
AaSNBS (GKS FGY2EALKSNE GFy3Sydal
thus, provide a capability to derive vertically resolved information

@ Universitat Bremen

on atmospheric speciedn this study, measurements in the UV
and visible spectral ranges from two limiewing instruments,
SCIAMACHY/Envisat and OMPESuomiNPP, were used. The
former instrument operated from August 2002 to April 2012 and
the latter one has been performing ebrvations since the bagi

ning of 2012. As time series obtained from single sensors are
generally too short to obtain reliable estimations of the letlegm
changes in the stratospheric ozone, a lot of effort has been put by
the scientific community into mging of data sets from different
spaceborne instruments.

Ozone profiles from SCIAMACHY and OMPSatellite instr-

ments have been retrieved at IUP Bremen using similar a
proaches in order to ensure the best consistency between both

data sets. The desgption of the retrieved time series and their
validation using independent observations from spécene and
groundbased instruments are presented by Jia et al. (2015) and
Arosio et al. (2018). The time series from the two instruments
hayegbeel aergpk &mhey [toNENRIGS StralespEic ODne | y R s
changes over the past 15 years. Since the overlap period between

the two missions is very short, a-salled transfer function, i.e., a
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reliable independent data set which has sufficient overlaps with
each of the data ets, was used to remove possible offsets-b
tween SCIAMACHY and OMHS Owing to the high spatial and
temporal resolution of the satellite measurements, it was poss
ble to analyse vertically, latitudinally and longitudinally resolved
longterm changes in teatospheric ozone considering monthly
averaged profiles. Linear ozone changes were computed using a
multi-linear regression (MLR) model accounting for the influence
of relevant atmospheric processes related to the Qtisnnial
Oscillation (QBO), solactvity, and El NifigSouthern Oscillation
(ENSO).

Figure28 shows the derived linear changes in stratospheric ozone
over the 20032017 period in percent per decade. In the leftnpa

el, zonally averaged linear changes as a function of altitude are
displayed, hatched areas depict stdically nonsignificant (at 2

level) values. A prominent feature observed in this plot is a clear
increase of ozone concentrations in the nal@ditude upper str&
osphere. The ozone linear change values reach 4% per decade
especially in the northern hemisphere. The observed positive
ozone changes follow the dramatic loss of the stratospheric
ozone observed until the end of 90s and are partially attributed
to the implementation of the Montreal protocol and its ameén
ments. In the right panel dfigure28, the longitudinally resolved
linear changes of ozone are shown at 42 km altitude, where
strongest ozone recovery was identified. As seen from the plot,
the longitudinal distribution of the observed oze changes is
highly inhomogeneous with the largest increase observed above
Canada and Greenland and almost no changes above Siberia.
Possible reasons for this behaviour are currently under invastig
tion.
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Merged data set
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Figure 29: Linear clanges of ozone anomalies (after subtracting season:
means)at 32 kmaltitude in the tropics Upper panel: merged SCIAM
CHY+OMREP data set. Lower pandIOMCAT modelata.

Total ozane trends

As a contribution to the 2018 WMO/UNEP Scientific Assessment
on Stratospheric Ozone Depletion, letegm trends of five
merged longterm total ozone data sets were investigated. One of
the datasets is our own thouse processed GSG merged dataset
that combines satellite total ozone data from GOME, SCIAMACHY,
and GONE2 (1995present). Full recovery of total ozone to 1980
levels is not expected to occur before the middle of this century,
nevertheless some first signs of ozone recovery are evident from
longterm ozone observations. The five merged total data records
(four based upon satellite data, one upon grodpased obsera-
tions) show that for most latitudes total ozone has slightly i
creased (<1%/decade) but the trends derived using multivariate
linear regression (MLR) are mostly statistically insignificard- (W
ber et al., 2018). Looking at the global mean (6608N), see
Figure30, three out of the five data records (including ours) show
statistically significant increases albout +0.5 to +0.7 % per de

ade since 1997, however, the maximum difference in the trends
between any pair of datasets is 0.5%/decade as well.
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The trend detection is difficult as ozone in the lower stratosphere
(major contribution to the total column oza@) shows large inte
annual variability in the extra tropics. The interannual variability
(solar, QBO, ENSO) is accounted for in the MLR but it contributes
to larger uncertainties in the derived linear trends. Total ozone
above Antarctica, where the sprim@zone hole is regularly occu
ring, shows some early signs of recovery (Weber et al., 2018,
Chipperfield et al. 2017, Steinbrecht et al., 2018). The total ozone
time series agree well with chemistry transponbdel calcua-
tions demonstrating that the currénevolution of ozone is a&
sistent and compliant with the Montreal Protocol (Chipperfield et
al., 2017, 2018).
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Solar variability

Mark Weber, Tina Hilg, Klaus Bramstedt, Stefan &lo
and John P. Burrows

Cpaceborne UV spectrometer dedicated for atmosploer
s—measurements usually observegularly the sun. The
daily solar spectral irradiance (SSI), itself, are also of large
scientific interest as they allow us to investigate irradiance
variability due to solar magnetic activity on daily to decadal
time scales. Daily SSI irradiance datanfrspace are now
available going back to the late 1970s from several &mo
pheric sounders in combination with dedicated solarsmi
sions.

A big challenge for space UV spectral measurements are the
optical degradation due to harmful UV radiation and
polymerisation of optical surfaces that leatb blinding of

the instrument. Complex degradation corrections have to be
applied to obtain reliableime series In the DFG project
SCIASOQlwe attempt to recalibrate SCIAMACHY solagirr
diance data using anptical bench simulator and a mirror
model that accounts for contamination of the externalrmi

ror surface. Particularly in the visible spectral range large
uncertainties still exist. An improved solar reference spe
trum from SCIAMACHY was establish&iyre 31). The
main improvement was the characterisation of calibration
changes from prdlight ground calibration campaign to
postlaunch conditions. The agreement ofISRIACHY with
other solar SSI data is usually within 5% or better (Hilbig et
al., 2018). Larger differences are observed at lowestenav
lengths (below 270 nm) and in the NIR (above 1600 nm). The
NIR is currently matter of a scientific debate as more recent
solar data including SCIAMACHY show systematically lower
SSI than the Atla8 composite that is widely considered the
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Comparison of SCIAMACHY Sclar Spectral Irradiance with Solar Reference Spectra
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Figure31: SCIAMACHY reference spectrum and other solar data used for comparisons at |

native spectral resolution (Hilbig et al., 2018)

standard for the visible and NIR spectral range (e. g. Meftah
et al., 2018). The revised calibration of SCIAMACHth&SI
serieshas beercompleted and studies on the variability and
trends during solar cycle 23 are underway.

From the solar data of UV atmospheric sounders like GOME,
GOME2, and SCIAMACHY as well as other satellite missions
solar proxies can be derived that are largely in#éres to
instrument degradation. A popular solar proxy is the Mg Il
coreto-wing ratio (Mg Il index) which can be derived from
the Mg Il doublet observed at 280 nm. The narrow emission
cores of the doublet varies with solar activity and highly
correlates vith SSI variations in the UV spectral region, thus,
it is often used for SSI reconstruction in solar or climate
models to investigate the atmospheric effects from direct
solar radiation.

We derive the Mg Il indices from GOME, SCIAMACHY, and
GOME2 observéions and combine them with other avail

ble datasets to create the Bremen Composifig Il index
(Snow et al., 2014)This index shows the changes with the
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Figure32: Comparisons of solaactivity in solar cycles 21 to 24 using theBr
men Mg Il Composite Index. The thick curves show the Mg Il index time sel
twice smoothed with a 5%lay boxcar. Dates of minima of solar cycles
(YYYYMMDD) were determined from the smoothed Mg Il index. (&Y asctiv-

ty was lower in solar cycle 24 compared to the three previous cycles (De
updates available frorhttp://www.iup.uni-bremen.de/UVSAT/Datasets/mpii

Schwabe (14ear magnetic activity) and Carrington {@ay
solar rotation) cycles and now spans 40age The solar
minimum following solar cycle 23 (in 2009) was one of the
quietest periods (with virtual no solar modulation) e
pared to the previous ones. The most recent solar cycle 24
had a much lower activity maximum (~ 2009) than cycles 22
and 23. Thdength and amplitude of the various solar cycles
are very variable as shown figure32.
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Tropospheric ozone trends

Mark Weber, Flida Leventidou, KU. Eichmanmand John P. Burrows

Tropospheric ozone (§) is an important greenhouse gas
and plays an important role in the tropospheric chemi
try of CO,CH, NOX, radicals, halogen compounds, ard h
drocarbons and is thus a common pollutant in the urban
environment. Enhanced levels of tropospheric ozone impact
human health and reduce crop productivity. Due to ite-lif
time of about 22 daysit can be transprted into remote
regions and across continents. Over the last centtrgpo-
spheric ozone levels were increasingwewer, very recent
observationsfrom satellites and ground show contradicting
trends. The measurement of tropospheric ozone from space
is quite challenging as the ozone signal observed is generally

\),Caribbean
- "

. (C)northern
South America
£ -190‘ E

Trend [DU decade™]

Figure33: Significant tropospheric ozone trends observed from the merged CCD_|
data (19952015). The narrow bahwith negative trends in the northern tropical region
may be an artefact due to the very low numbers of clouds in the Pacific reference
gions (used to determine the above cloud column ozone). From Leventidou et al. (20

dominated by ozone in the stratosphere, which is onrave a detailed uncertainty budget was established for this type
age a factor of nine higher in abundance there than in the  of retrieval (Leventidou et al., 2016).

below lying troposphere.

The three satellite datasets were combined into one merged

We apply a residual method, called the Convectleud dataset by removing biases between pairs of satettiiees-
Differential (CCD), to determine tropospheric ozone columns  urements. As a reference (to match all other data to) the
from UV nadir satellite measurements. This method-su intermediate SCIAMACHY time series was selected. The
tracts the measured ozone columns above high convective merged tropospheric ozone data covers 20 years of olaserv
clouds ¢ver the Western Pacific) from measured total tions and are well suited to establish leteym trends (le-
ozone columns under cleakyconditions (at all longitudes) ventidou et al., 2018).@ne sensitivity studies were done to

to obtain the tropospheric column. One assumption here is  check how the harmonizatioapproaches to merge the data
that stratospheric ozone remains invariant which limits the impactthe trends. It was demortsated that this can change
application to the tropical region. The tropospheric column the established trend beyond the uncertainty level®-o0

is usually determined as an ensemble averaga grid box tained from the multivariate linear regressioplied to the
and covering one month. The CCD method was successfully data. The optimaierging approach was the one which only
applied to GOME, SCIAMACHY, and GOMEatellite data applied bias correctiondfor GOME and GOME to match

(Leventidou et al., 2016). Tropospheric ozone columns from the SCIAMACHY data. Although some drifts between d
all satelltes were validated by comparisons with ozone  tasets were apparent, the overlap periods were generally

sondes yielding geerally good agreement. For the first time
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too short to obtain réable drift estimates (Leventidou et al.
2018).

Figure33 shows tropical regions where statistical significant

|z ooy xgeasooasbatsondd TV
i!ﬂ()e( x)@exm@‘xxxﬁ 2

trends were observed during the period 199816. Over @ L
the African continent trends are positive (+1 to +3 e g e
DU/decade), over large parof the Pacific Ocean anadian -

Ocean,trends are negative (up to abou#4 Du/decade). _2ﬂ o 10_20
Overall the mean of tropospheric ozone over the entire

tropical region shows near zero trend over the twensar
period. The variability of tropospheric ozone with changes in
the Quasibiennial Oscillation (QBO) and El Nino weredstu
ied as wdl The response of El Nino an@Q on troposphe

ic ozone is shown iRigure34. During El Nino phases (e.g. in
2015) enhanced biomass burning contributes to higher
tropospheric ozone in the Indonesian region and western
Pacific. Both EI Nino and QBO have a strong influence on
tropical meeorology and longange transport of trop-
spheric ozone.

In support of the new Sentinel 5P satellite mission (since 0 1 2Tota| QB% conmbﬁﬁon [DUE]S 6 7

2017), IUP developed a prototype algorithm for determining

free tropospheric ozone using the cloud slicing method. The Figure34: El NineSouthern Oscillation and QBO Response to tropical troposphel

extension of the CCBme series by including S5P data .into ozone during the period 1995 to 2015 (Leventidou, PhD Thesis, Universitg-of E
men, 2018).

our mergedtime seriess in preparation.
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Analysis of stratospheric water vapour and methaneop

files from SCAMACHY solarazultation

Stefan Noél, Katja Weigel, Klaus Bramsteédexei RozanoWark Weber, Heinrich Bovensmaand John

P. Burrows

Water vapour (HO) and methane (CMin the stratosphere
are not only important for stratospheric chemistry, for
example in the context of ozone depletiand generation of
polar stratospheric clouds (PSCs), they can also be usedcas tra
ers to investigate dynamical processes of the atmosphere.

Recently, an updated stratospheric water vapalata set has
been derived from solar occultation measurements of the
SCanning Imaging Absorption spectroMeter for Atmospheric
CHartographY (SCIAMACHY) which operated between 2002 and
2012 on Envisat.

The retrieval is based on the Onion Peeling DOAS (ONPB) met
od, which combines an onion peeling approach with a weighting
function DOAS fit (see Noél et al., 2018, and references therein).
The same retrieval method has already been successfplly a
plied to methane and carbon dioxide (gOsee Noél et al.
(2016), such that now a consistent data set for all three major
greenhoug gases is available.

The SCIAMACHY solar occultation profile data cover the-latit
dinal range between about 50°N and 70°N with a specifia-te
poral sampling pattern due to the stfixed orbit of Envisat.
Data are available for the complete SCIAMACHY tittezvial
(August 2002 to April 2012) and altitudes between 17 km and
45 km.

The new SCIAMACHY water vapour profiles have beamn co
pared with different indepedent data sets showing agement
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within about 5%. Earlier studies
revealed an accuracy of the
corresponding methane data in
the order of 510%.

From the combination of e
thane and water vapour data it
is possible to derive information
about sources and transport of
water vapour in the strai-
sphere.

Figure 35 shows time series of
monthly anomalies derived from
the SCIAMACHY methane and
water vapour data.

As can be seen from this figure,
there is a clear antorrelation
between water vapour and Bt
thane for altitudesabove about
in the strai-

water vapour
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Figure35: Time series of water vapour (top) andem
20 km. This is expected, because thane (bottom) monthly anomalies (from Noél et.,

18).

sphere is mainly produced by oxidation of methane, such that
the sum of volume mixing ratios {8] + 2[CHk], sometimes
referred to as potential water (PW), is conserved.

Furthermore, he observed variations show a clear signature of
the QuasiBiennial Oscillation (QBO); see aBigure37. This
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indicates that this altitude range (at higher rdatitudes) is
affected by transport from the tropics.

At altitudes below about 20 km the QBO signature is only visible
in the water vapour but not the methane data. This indicates,
that at these altitudes water vapour is not produced be-m
thane oxidation buts directly transported from the tropics.

These findings confirm our understanding of the different
pathways of the Brewebobson circulation (sed-igure 36).
Altitudes above about 20 km are fed via the-called deep
(upper) branch of the Brewdbobson circulation, where air is
transported upwards in the tropics and then hongtally to
higher latitudes where it sinks down again. Along this transport
(which usually takes sexa years), methane is effgvely can-
verted into water vapour, resulting in a strong correlatioe-b
tween both species. The observed QBO signal originates f
QBQrelated changes of vertical transport in the tropics. Below

CH, + 20, - 2H,0 + CO,

Stratosphere

Vertical Transport
Velocity Changes

85,
Tropopause & E;’
25
o
[}
S
2 i
Q <
(<] ——
,_ — —
Tropics Mid-/Polar Latitudes |

Figure36: Simplified schematic view showing different transport tpat
ways within the BrewegDobson circulation (from Noél et al., 2018).
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Singapore manthly mean zonal wind components at 10 hPa
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pathway is much faster.
Furthermore, less UV rad
ation (required for the 04 i ) ) i i co

. . 2003 2004 2005 2008 2007 2008 2009 2010 2011
oxidation of methane) . ) .
. Figure 37: Time series of water vapour and methane
reaches these dtudes.

heref h - anomalies at 30 km and Singapore zonal wind (indicatc
Therefore, the conversion .. ogo) at 10 hPa (from Noél et al., 2018).
of methane to water a-

pour is less effective, which explains the missing {anti
)correlation atlower altitudes. The QBO signal in the water
vapour data below 20 km can be explained by tropical arop
pause temperature changes related to QBO. These temperature
variations affect the entry of water vapour into the stoat
sphere, but not rethane.

I
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Top-of-Atmosphere studies over a changing Arcti

Marco VounasMarco, Narges Khosravi, Luca Lelli, Linlu Mei and John P. Burrows

Surface Reflectance

rctic nearsurface temperature during the last decades A prominent feature in the 008
have increasetivice asmuchasobserved on a global scale. Arctic Circleis the reported 004
This observation is commonly referred to as Arctic Amplhfic change in surface brightness s
tion. over the Greetand Ice Shield 5§ § § 8 8 & & ¢ e
In order to get insights in to the origins and evolution of Arctic (GiS) which can be well S e
Amplification we examine the Topf-Atmosphere Reflectance reproduced by using RTOA - rigyre3g Anomalies of the RTOA at 620 nm for the Grl
(RTOA) to assess the assumptionether longterm changes values over a time span &b compared to the anomalies of surface reflectance retrie

years from GOME and from als usingsurface albedo retrievals based on the Globa
the Scanning Imaging bA LANnd Surface Satellite (GLASS) project utilizing MODIS d

sorption Spectrometer for during this period (He et al., 2012).
The primary measured quantity in all vis/NIR satellite remote  Atmospheric  Chartography

(>20 years) of spectral RTOA can identify Arctic climate change
through changes of the surface and atmospheric constituents.

sensing products is the RT@Aichis definel as the solar ze (SCIAMCHY) instrument. Both datasets have been gridded at
ith anglenormalized ratio of upwelling radiance to thextra- 620 nm for the GRIS for all months of July from 2003 until 2018,
terrestrial solar irradiance. RTOA values were prepared Bt di tempora”y concatenated anthe month|y aerage for all (Ju|y)
ferent Wavelengths and evaluated at 0.5° grld resolution for the values hadeen subtracted i.e. anomalies have been created
whole Arctic and topical studies. Figure39, ten years of RTOA (de-seasonalization) Figure 38 shows the anomalies of the

at 620 nm derived from the Global Ozone Monitoring Ekper ~ RTOA at 62 nm for the GRIS compared to surface reflectance
ment-2 mission (GOME) were gridded and depicted. retrievals using surface albedo retrievals based on the Global

LANnd Stface Satellite (GLASS) project utilizing MODIS data
during this period (He et al., 2012). The overall agreement in the
decreasing trend i.e. the darkening of the GRIS, is obvious in
the RTOA even though no attempt was made to remove clouds.
Both trends, despite their different lengths sho®.9%/decade
indicating the potential of the use of RTOA as an indicator for
Arctic Amplification.
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Retrieval of toud optical propeties in
presence of increasedeaosolsloading

Linlu Mei, Marco Vountas, Luca Lelli, Vladimir Rozanov and John P. Burrows

he crucial influence of atmospheric aerosols, i.e. suspended

solid particles or liquid droplets in air, on cloud formation and
their role in changing the precipitation efficiency is wktown.
However, only rarely aerosol and cloud properties are retrieved
simultaneously from spaebkorne instrumentationg thus limiting
our knowledge on a larger scale. For instgnéerosol Optical
Thickness (BT) retrievals based on global measurements from
singleview, multispectral imagers are mostly limited to clear sky
scenes However, large regions ovetthe southeastern Atlantic
Ocean orthe tropical Atlantic Ocean are affected by frequent dust
and/or biomass burning events while overcast is present. Bor e
ample, smoke often covers low stratocumulus liquid water clouds
during episodes from July to September across parts of the south
eastern Atlantic at synoptic scales.
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Similarly, Saharan desert dust plas overlay lowevel water
clouds from June to August over the tropical Atlantic Ocean. A

cordingly, proper knowledge of both aerosol and cloud optical 00 65 10° 1520 25 3073540745 80 00 04 08 12 16 20
properties is needed in such regions. This study aims to close the Figure40: An RGB composite image for the study region lodatearsouth-
gap of information by introducing aowel method for the retrieval ern Africa on July 12007. The left column shows corresponding MODI:
of aerosol and cloud properties, such as Cloud Optical Thickness, operatiqnal cloud and AOT products. The right hand column shows the resu
Cloud Effedve Radius and AOT, for aerosohtaminated douds. from this study.

In Figure 40, a desert dust outbreak over the tropical Atlantic approach enables simultaneous retrieval over larger regions of the
Oceanis shown for July 2007. Desert dust is advected over and into  scene (seéigure40, right column) with very promising results (and
a field of clouds. While in the majority of the cases operational  validation).

cloud and aerosol algorithms mutually exclude the other property

to be retrieved as can be seém Figure40 (left column)the novel
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Covariations of aerosol properties and
cloud bottom altitude from multrsensor
space bornemeasurements

Luca Lelland Marco Vountas

Interactions of smalbized aerosol particleslescribed by
their ability to extinguish sunlight (aerosol optical depth
AOD) with the bottom altitude of clouds provides insight on
the thermodynamical and microphysical controls of the
development of tropospheric clouds. For this study, aerosol
and claid records are derived from coincident measur

O = N W &= O

ments of the Advanced Alorifyack Scanning Radiometer 1.0
(AATSR) and the SCanning Imaging Absorption spectroMeter 05
for Atmospheric CHartographY (SCIAMACHY), beihg 0.0
part of the sersor payload of the European Einenmental

Satellite (EnviSaT), for the period 2002009. Upon long 0
term validation of thespace bornecloud bottom height . -1.C
(CBH) W_'th I'dar_ measurements at three ng*"’mS_‘?‘?' A Figure41: AATSR fine mode aerosol optical thickness (AODfm) at 55@opjn SCIAMACHY
mospheric Radiation Measurement (ARM) facilities, we cloud bottom height (middle), and their correlation (bottom) for winter (left) and summ

selected six regions aboe water mases that are cheacter- (right) months. Data spans years 200209.
ized by seasonal vardtions between winter and smmer
months of both quantities. Sea surface temperature is seen ~ Refeence

to consistently determine varations of abslute CBH values, Lelli, L. and Vountas, MChapter & Aerosol and Cloud Bottom
whereas CBH anomalies are mostly seen to be thegg Altitude Covariations From Multisensor Spaceborne Measur
correlated with AODfm(AOD fine mode)In particular, this ments, In Remote Sensing of Aerosols, Clouds, and Precipitation,

. . . edited by Tanvir Islam, Yongxiang Hu, Alexander Kokhanovsky and
relationship holds for those egions closeto natural and Jun Wang, Elsevier, pp 1097, ISBN 9780128104378,

anthropogenic aerosol source essions. https://doi.org/10.1016/B9780-12-8104378.000050 , 2018.
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Greenhouse gas observations from aircraft: Methane Airborne ppAa
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Konstantin Gerilowski, Sven Krautwurst, Jakob Borchardhadéi Buchwitz, John P. Burrows &f&nrich Bovensmann

he two most important greenhouse gases (GHG) carbon

dioxide (C@) and methangCH) have strong sources on
small spatial scales (100 m to a few km). These areXor e
ample C@from power plants, volcanoes and cities, or,CH
from fossil fuel production (coal, gas, oil), landfills and-ge
logical seeps. Often the strength and/dhe paosition of
these sources areot well known and an independent ver
fication of the emissions from remotsensingis needed.
Airborne remote sensing of atmospheric GHG distributions,
so-called greenhouse gas imaging, could close an important
information gapon small spatial scales. At [BPementhe
development and application of the airborne spectrometer
system called MAMAP (Methane Airborne MAPper) damo
strated that imaging the spatial distribution of atmospheric
GHG concentrations in the vicinity of strosgurces can be
used to infer the emission strength of the source. Thecspe
trometer uses solar absorption spectroscopy in the near and
short-wave infrared, similar as the satellite sens&CIAM.-
CHY, GOSAT, or SentibPl to derive very accurate (ptiec

Figure43: MAMAP team ‘and FUB Cessna team (left aircraft) as well as DLR team (right airc
at Katowice airport.

@ Universitat Bremen

sion better < 0.3%) gradients in atmospheric £dnd CH
with a spatial resolution of approx. 50 m over spatial scales
of several km.

During the years 20172018 the main focusf the MAMAP
groupat IUPBremenwas the preparation of a measurement
campaign inUpper Silesian Basin (Poland) and the dewelo
ment of the successor of MAMAP the MAMAP2D system.

The coal mining area in the Upper Silesian Basin around the
city of Katowice, Poland, is the largest sources of methane
gas emissions in Europe and the foaighe COMET (Ca
bon dioxide and Methane Mission) measurement campaign
in May/June 2018. This campaign is part of a larger research
activity being coordinated by the German Space Agency
(DLR¢ Deutsches Zentrum fur Lufind Raumfahrt) to d-
termine the disribution of methane gas erssions. COMET

is a collaboration between the DLR the University of Bremen
and Berlin, the Cracow University of Technology and the
Max-Planckinstitute of Chemistry in Jena. The UB n-
strument MAMAP was flown on board the
Cesga aircraft owned by the Free University of
Berlin, and research flights took place in
May/June 2018. The research team was able to
achieve a precise and unique set of coordinated
overflights involving four participating aircraft
during 4 days, as well a®ordinated measia-
ments with the mobile ground based teams.

NE& S a i

a 2 dzNJ
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A global reduction of greenhouse gas emissions necessitates
an effective monitoring of greenhouse gases. One of the
scientific objectives of projec€OMETs to test novel mei-

ods for determiningegional methane emissions. Data hat
ered by different systems, whether growtdsed sensors,
airborne instruments or on satellites, are needed to obtain a

Y2NB RSGFAf SR LIAOGdNNE 2F GKS

Polish research partners were responsifile gathering the
groundbased measurements and also establishing contacts
with the coal mining companies.

The MAMARS a worldwide oneof-a kind methane and GO
sensor developed by the University of Bremen. In order to
have successful flights, pilotingiltk and forecasting expe
tise are essential. These are provided by the team from the
Free University of Berlin. The flight weather forecasts play
an important role in coordinating grouddased and &
borne measurements. Initial results were presented and
discussed in a workshop in October 2018 in Bremen and will
be further presented at international conferences in 2019.

Beside preparation and execution of the COMET campaign,
the team at IUBBremenalso further developed the concept

of 2-dimensional imagig of CH and CQ distributions. That

will allow performing similar measurements as with MAMAP
(1D), but on time scalesf approx. 10 minutes instead to
several hours, which will increase the detection limit of
small sources by nearly an order of magnituded will mn-
imise systematic errors during measurement time due to
changing meteorological conditions. The activities of the
IURUB MAMAP team are funded by the DFG (COMET), the
BMBF (via DI-RT, AIRSPACE project) and the University of
Bremen.

@ Universitat Bremen

Figure44: CH, plume asmeasurecoy MAMAP duringhe COMET campaigitheplume is origing
ing from a cluster of coal mine ventilations shafts (blue triangles), where the air from inside

coal mine is vented into the atmosphere.
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Airborne obsenations in selected outflows from Europ-

an and Asian mgacities

Maria Dolores Andrés Hernandez, Vladyslav Nenakti@hun George, Yangzhuoran land John P. Bu

rows

he first megacities, defined most frequently as conurbations

having over 8.0 million people, evolved at the beginning of the
19th century. Since then, the number and size of what is generally
called major population cares (MPC) have increased worldwide
and have brought the attention of the scientific community to their
effect on global air pollution and climatic change.

The specific impact of pollution plumes from MPCs depends not
only on the type of emissions (eigdustry, traffic, domestic hda

ing, generation of electricity etc.) but also on the regional topegr
phy, geography and meteorology determining transport and $ran
formation processes. These are still poorly understood in MPC
outflows and airborne measuremés of suitable resolution are
required for further characterisation (Zhu et al., 2012).

In this context, the project EMeRGe (Effect of Megacities on the
Transport and Transformation of Pollutants on the Regional to
Global scales) started in 2016 as a Gamngonsortium of five un
versities and five research centres under the scientific coordination
of IUP Bremen. Europe and East Asia were selected for the imvest
gation as to be suitable poisibf comparison of pollution outflows
from urban agglomerations ofdifferent size, emission and
transport patterns, as well as for the study of potential MPC syne
gies.

Two complementary intensive airborne field experiments using an
optimised instumental payload for aerosol and trace gas mea
urements on board of the resrch aircraft HALQvw{vw.halo.dlr.d¢

and camprising a total of 180 flight hours were carried outJualy
2017 and MarckApril 2018

@ Universitat Bremen

Apart from the scientific and
logistical coordination of the
EMeRGe project, the TRAS
group at IURUB participated
in the HALO campaigns with
the airborne measurement of
peroxy radicals by using the
PeRCEAS (Peroxy Radical
Chemical Enhancement and
Absorption Spectrometer)
instrument, which provides
essential information about
oxidation processes in the
pollution outflows.

Seven flights were cded out
over Europe Figure 45) tar-
geting the outflows of Lo
don, Paris, Rome, Po Valley,
Benelux/Ruhr, Souhern
France, Madrid, Barcelona,
and the transport patterns
over the Alps, Apennines,
Central Europe, in the English
Channel and the Meditear
nean Sea.

Over Asia, 12 HALO flights
were carried out for then-
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Figure 45. HALO flight tracks during the EMeRGe
campaign in Europe. Different MPC targets anc
transport paths were investigated: RenPo Valley
and the transport ovethe Alps and Apennines (F#3
and F#6); central Europe (F#4); Paris, LondongBen
lux/Ruhr and the transport over the English Channe
(F#5 and F#8): South France, Madrid, Barcelona ar
the transport in the western Mediterranean (F#7 and
F#9).
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12.03.18

vestigation of the Taipei and Manila outflonss well as the
transport of ChineseJapanese and Korean megadytflows in
the East China Sea, and of Bangkok in the Gulf of Thaifagare
46).

The current undestanding of the impact of MPC outflows will be
tested by the ongoing comprehensive integrated analysis of mbse
vational data from aircraft campaigns, satellites, tnamdeases and
ground measurements obtained within a large best effort EMeRGe
international communiy.
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www.iup.unibremen.de/emerge/ Figure46: HALO flight tracks during the EMeRGe campaign in Asia in Mardh
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Imaging DOAS Nneasuements during the w0
AQABA ship campaign
Lisa K. Behrens, Andreas Hilboll, Andreas Rjdht@o Peters, John P. Burramsl Mihalis Vrekoussis -

In 2017, thelUP Bremerh, AMOS and DOAS groups jointly participated  The telescopeof the in-
in the canpaign Air Quality and Climate Change in the Arabian Basin strument has a 45° field of
(AQABA), conducted from June to September. For this cruise, a new view whichis covered by50 0°
imaging DOAS instrument was installed on board of the research vessel sorted shgle quartz fibres Figure47: Cruise track of AQABA.
AYZ2YYl yR2 N Lligaset air qfatyNdheaskrdmiehts. Tha- observingin different ek-

aging DOAS instrument is called Imaging MaPper for Atmosphbric 0 vation angles. Due to the same order at both sidéshe fibre optics
servaTions (IMPACT). and the use of an imaging spectrometer, the spatial imfation is
preserved. Therefore, the different elevation angtzm bemeasured
simutaneously. During the campaign, the instrument was continuously
scanning a vertical plane of three azimuth angles: starboard, port side,
and bow direction.

For the AQABA campaign, the instrumevitich was previously ope
ated from the groundwas installed on a ship for the first time. The
cruise went from Toulon (France) uwait City (Kuwait) and back,
passing the Mediterranean Sea, the Red Sea, the Arabian Sea, and the
Arabian Gulf Eigure47). Thus, the cruise allowed observationfsdif- The instrument operated successfully dmetresearch vessel and Ipo
ferent pollution regimes, e.g., pollution due to the presence of oil/gas luted areas were detected. For example during the departureun K
rigs and ships in the Abian Gulf, and partly clean marine air in the wait, large N@slant columns (SCs) were observed. The SCs are smaller
Mediterranean Sea. on the port side than on starboard whe the city was located~{gure
48). Generally, the largest NGCs are observed close to the ground.

AQABA IMPACT NO, SC 03.08.2017 port side AQABA IMPACT NQO, SC 03.08.2017 starboard Slmllar resu":SNere found for the arival at the Suez CanEAlSO here

e | | the highest values are observed for lowedévation anglesimplying
E EW: that the NQ waslocated close to the surface. For the Suez Canal; sim

24100

e lar results were also observed during the 1st leg.

6010%

levation [7]

00107
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Figure48: NO, measurements in different elevation angles during the departure fron bremen.de/postes/equ_2018_behrens.pjif

Kuwait (beginning of"? leg), when the port side (I8ftvas facing the Arabian Gulf and the

starboad side (right was facing the Kuwaiti land.

0 b
®% 1000 700 [ 0800 om0 500 ) 000

w Universitat Bremen 42


file:///P:/texte/UNi/verwalt/iup_reports/2018/www.doas-bremen.de/posters/egu_2018_behrens.pdf
file:///P:/texte/UNi/verwalt/iup_reports/2018/www.doas-bremen.de/posters/egu_2018_behrens.pdf

IR

HEN

:
@}

Molecular spectroscopydboratory

Victor Gorshelev, Mark Weband John P. Burrows

Algorithms that retrieve trace gas amounts from remotely sensed
spectral data rely, among others, on spectroscogata characterizing
the molecular absorption. Errors and uncertainties in spectroscopic
data often limit the accuracy of the retrieval results.

Although numerous spectroscopic datasets based on laboratorysmea
urements and theoretical considerations akeady available, in many
cases they are not of sufficient quality and there is still room ffior i
provements that benefit the retrieval accuracy.

Advances in experimental instrumentation and setups allow us ¢e pr
duce spectroscopic parameters with lowancertainties.

Acquisition of higklguality spectroscopic data for remote sensing- a
plications is an essential part of the experimental activity at o M
lecular Spectroscopy Laboratory.

In our laboratory, we perform spectroscopic measurements using an
Edelle spectrometer covering the UV spectral region and a Fourier
transform spectrometer (FTS) encompassing the near UV, visible, and
near IR. Several absorption cell setups with extended cooling capacities
allow us to measure molecular absorption cr@sstions at atmes-
pherically relevant temperatures ranging fro#80°C to room tempex-

ture.

MERLIN NlethaneRemote Sensin§iIDAR Missin) is a joint French
German mission dedicated to methane observations in the Earth a
mosphere. Destined to launch in 202MERLIN will use a LIDAR
Instrument (ight Detection and Ranging) to track and observe the
greenhouse gas from an orbit at 500 km altitude. The goal of trse mi
sion is generation of global maps of methane concentration distrib
tion. In addition, MEBLIN willallow to determine which regions Act as
methane sources and sinkiSigure49).

@ Universitat Bremen

Within the SMERLIN
(Spectroscopy for
MERLIN) project, at
boratory measue-
ments and corm-
sponding data analysis
involving advanced
absorption line shape
profiles are being
performed in order to
improve spectroscopic
line parameters for CHn the spectral region used by MERLIN (6074
6078 cn, focus on the vicinity oR(6)manifold at 6077 ci, or 1.64
mm) Figure50).

Other recent measurement campaigns of the Molecular Spectroscopy
Laboratory include the acquisition of ozone absorption cissgtions

in the UMVISIR spectral range from 210 to 1100 nmaat unpree-
dented high number of temperatures and selected methane absor
tion lines and bands in the shenave infrared (SWIR).

Figured9: ! NIiA a i Qa
which will monitor atmospheric methane using a lidar
instrument. (CNES/lllustration D. Ducros)

02y OSLIiAzY

The Molecular Spectroscopy Laboratory is also involved in several
educational projects, introducing the basic practical consepf &b-
sorption spectroscopy to high school students and participating in the
international postgraduate programme in Environmental Physics.
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Figure50: Multispectrum fit results of the six abroadened spectra in
i KS H AYCH manifold region. (a) All the spectra (normalized to
their peak absorption) considered: measurements are represented usir
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speeddependent Voigt profile; (d) the fit residuals obtained with the VP
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Outflow of formaldehyde and tyoxal from the African
continent to the Atlantic Ocean

Lisa K. Behrens, Andreas Hilboll, Andreas Richter, Enno Peters, Leonardo M. A. Alvarado, Anna B. Kal
Hedegaard, Hegard Wittrock, John P. Burrowsd Mihalis Vrekoussis 0

In October 2016, thdUP BremerLAMOS and DOAS groups jointly The cruise started in Ponta
conducted the Continental Outflow of Pollutants towards the MArine  Delgarda (Azores) on 8th

tRoposphere (COPMAR) project on board of the German research October 2016, passedeb 205
vessel (RV) Maria S. Merian as prthe cruise MSM58/2. tween Cape Verde and the

The aim of this project was to measure Formaldehyde (HCHO) and Afrcijce:jn CogtSinhent,o a;)nd
Glyoxal (CHOCHO) concentrations over the open ocean. Satéllite o ended —on t ctober 40°s

servations frequetly show enhanced values of both species ower r i?lG '|nF'Cape51'owon (Str? uth
mote ocean areas, e.g., rica; Figure 51). On the

westerly from the Afr research vessel, a Muki 60°w - 40°W 20°W 0° 20°E 40°E
AXis Differential Absorption

Date [October 2016]
12. 14, 16. 18.

J 8. 10 12 14 16 18 20. 22. 24 can continent close to Figure 51: Cruise track of MSMS8/2. The times
a + Elvation 1+ Flevation: 8- Elevation: 30- the Equator. However, Spec'tro{nﬁt?jr (_':fl/'\tfogs) wh”en the instrumentvas measuring are marked in
S| em Gy Tl due to the absence of M3 TSR wiR RO Ieh yelow

T 2.0 A local sources for these pe unit-onented pe - ; .

wE i species, such enhanced pendlcglarly to the heading, pointing towards the Afrlca}n continent.

é 15 i values are not expected T_hese instruments are able Fo tgke rpeas.urement_s. at_dlfferee\‘/ael_

510 ; ' . N T in this area, as theydve tion angles an_d azimuthal viewing dl_rect_lons, facilitating conclus_lons

;0.5 'y : LN N only short atmospheric about both horizontal and vertical distribution of the observed species.

8 ! ‘ ! lifetimes of a few hours. On three/two days during the cruise, enhanced Ilevels of

§ 00 I Thus, the mesurements HCHO/CHOCHO respectively were observed witlelavation angle

40°N 30°N 20°N 10°N O0°N 10°S 20°S 30°S 40

Latitude

Figure52: Latitudinal dependency of daily mean HCHC
dSCDs along the cruise track. On three day?,(l#h,
and 17“), a slightly different elvation angle dependency

can beobserved, suggesting an elevated HCHO layer. C

were conducted to vad
date the satellite mes-
urements and thus ao
firm or contradict the
presence of these &
cies over the emote

dependencydifferent from that observed on the remaining daysd-
cating the presence of these gases in an elevated layer, most likely
above the marine boundary layeFifure52). For the northern Heim
sphere, these enhanced levels were found in exactly those areas where
satellite observations suggest their presenégg(re53). Also in the
southern Hemisphere, clearly enhanced values of HCHO could-be o

the 13" and 14", similar results can be found for
CHOCHO.

ocean areas. served. These HCHO enhancements are not visible in the monthly

@ Universitat Bremen 45



averaged satellite and model data, suggesting an isolated outflow
event on that specific day. Genegglithe HCHO MAROAS data are
higher than the satellite and model data, whereas for CHOCHO, it is
the other way around.

Backward simulations using the FLEXPART Lagrangian particle dispe
sion model suggest that the observed air masses were transported up
to four days following contact with the surfacEigure54, exemplarily
shown for one day). The simulatiopsit these air masses in altitudes
between 1 and 5 km, depeimy on the day. They originate from the
African continent which provides biogenic and biomass burning
sources. These sources emit HCHO, CHOCHO, or their precuesors. B
cause of the short lifetime of the HCHO and CHOCHO (only a few
hours), precursors of thee species or aerosghs combination have to

be transpot-

Date [October 2016] ed over such
12. 14 16 18.

25 O 12 10 16, 26, 20 2% 2% long distare-
'TE o MAX-DOAS OMI ¢ GOME2B o anartl es.
520 5
o [}
g )
E1s .
S red
210 o + T
o § .
5 P o @ . "
Tos5H* ¢ LA .
a ? s EEEE’
Qo \ U Y
> 0.0
40°N 30°N 20°N 10°N O°N 10°S 20°S 30°S 40°S
Latitude

Figure53: Latitudinal dependency of daily mean HCHC
VCDs along the cruise for MAXOAS, OMI satellite
measurements (monthly mean), andnodel data
(monthly mean). Correlation coefficients between the
datasets are all above 0.70. Similar results can be o
served for CHOCHO although the correlation is slightl
lower.
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Figure54: The emission sensitivitgsponse function in the lowest
500m layer for particles arriving in thesceptor positioned at
different altitudes above the RV Maria S. Merian on th& T&-
tober 2016, calculated with FLEXPART. The red dot indicates f
& K A LJ@ay pasitioR. The emston sensitivities were integrated
over 2 days backward, starting 2.5 km above the ship. The bla
circles are fires which were detected betweer"and 12" Oco-
ber, taken from the FINN database.
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Modelling methane emissions from coal mines at

t
:
£
. . 20-5°N 08t
g
high resolution oot
SarahLena Meyer, Andreas Hilbolbven Krautwurst, Jakob Borchadt, Konstantin Gerilowski, 49.5°N 0_4§
Heinrich Bovensmaremd Mihalis Vrekoussis sl
49°N .
ethane (Ch) is a potent greenhouse gas; having accurate clearly distn-
knowledge about its sinks and sources is therefore important for  guished; a map of 285k 205 2ok
understanding anthropogenic climate change. Being able to accurately vertically integra Figure 55: Vertically integrated concentrations (i.e., -so
measure Cllconcentrations allows for estimating the emissions from ed nethane cm- OFftftSR aO02ftdzyyasdo 2F YSGKI
single point sourcesging inverse modelling techniques. centrations, i.e., shafts in the region oUpper Silesia (Poland). The plot
so-called nethane shows the methane column spatial distribution on 2 June

In order to reach the high spatial resolution needed to accuratelyisim ) i i x
(108 GKS SYAGAA2YaQ RAALISNEA Dy Ay OB SO0 oSNNI Aeookak G2 F1OACADE G
parison with higkhresolution measurements, a very high spatial leso in Figuress.

tion of the model is required. Therefore, a combination of the Eulerian ~ The simulations show excellent agreement with measurements- co
Weather Research and Forecast model (WRF) with the Lagrangian part ducted during the Carbon Dioxide and Methane Mission (CoMet,

cle dispersion model FLEXPART is used. First, the meteorologyis sim May/June 2018). For comparing the model results with preliminary

lated at 1 knd horizontal resolution. The resting highresolution wind measurementdata from the MAMAP instrument, vertical columns were
fields are then used as read out from the model for every single measurement, at the exact
o] T Hioasurement input to FLEXPART, position of the measurement and the nearest 30min time step from the
’ which simulates the model output. This yields a time series for the measurement are th
’ dispesion of the ent: model as shown ifrigure56. Themodelledand measured vertical ¢o
’ P ted methane. umns can directly be compared, since both the model and thesmea

| 3 urement only capture the methanenbdancement over the regional

CH4 enhancement (molec./cm?)

o FM b H.'“ o, AS. a proof -Of concept, background. Modelled and measured methane enhancements show
o et I Pl LM Iy IWW“ this combination of excellent a ) . . - .
models was used to greement; the small difiences in position and amplitude of

083640 omdS00  0mS320  0%Oldo  omiboo  osisa0  0sidedd simulate the dispersion the C.H peaks are likely caused by uncgrtainties in the simglated wind
Figure 56 Time series of simulated GHénhancements ~ Of methane emissions direction and the assuntemethane emission strength, respectively.
(orange) and preliminary measurements from the MAMAF from coal mine venting References
instrument during the CoMet campaign (blue) on 29 May shafts in Upper Silesia, Meyer, SL., Implementierung und Validation eines hocfiédgsenden Wette-
2018 around 9:00 UTC. Both model and measuremer Poland. On many days, modells fir die Region Oberschlesien und Simulation der raumlichen Verteilung
show the Chienhancement over the regional background jndividual venting von Methanemissionen, M.Sc. Thesis, Universitgreimen, Bremen, Germany,

level, and agree very well both plume location (i.e., time) AKFFGHA0O LI dzy S 8018.% y o IS
and magnitude.
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Air quality simulation over the Netherlands

at high spatial resolution

Andreas Hilboll and Mihalis Vrekoussis

Air pollution is a major concern for human health and, mgenea-
ally, weltbeing. In industrialized countries, anthropogenic smi
sions of air pollutants are usually the largest contributoreducedair
quality. Being able to accurately simulate the transport and transfo
mation of air pollution is highlyelevantbecause it allows to estimate
the impact of different future changes to anthropogenic emissions,
which can be controlled by legislation. Another application of airigqual
ty modelling is sacalled chemical weather forecasts, i.e., the predi
tion of air polutant concentrations for the next days. Especially in
highly polluted places, such air quality forecasts can be an important
tool to improve human welbeing.

Given the high spatial variability of pollutant emissions and the-non
linear nature of their chemeal transformation, it is important to use
high spatial resolution, if one aims to capture local effects. The i/eat
er Research and Forecast model with Chemistry MR#m) is able to
perform such simulations using several nested modelling domains. In a
case study, we use three such nested domains of 15x15, 3x3, and 1x1
km? horizontal resolution to simulate the dispersion and transfo
mation of air pollutants over the Netherlands in late summer 2016. For
this period, anthropogenic emission estimates at matghhorizontal
resolution of 1 krfiare available, and the simulated pollutant conee
trations can be compared with the numerous measurements taken
during the 2nd Cabauw Intercomparison of Nitrogen Dioxide Measu
ing Instruments (CINER, http://www.tropomi.eu/data-products/cindi

2).

Using individual seasonal, weekly, and diurnal cycles for each of the
different anthropogenic source sectors, the chemical reaction scheme
from the Common Representative Intermediate Mechanism
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Figure57: Simulated N@surface concentrations on 11 September 2016, 00:0!
UTC. Individual pollution sources are clearly visible.

(CRImech), and the Model for Simulating Aerosol Interactions and
Chemistry (MOSAIC), concentrations of the most common aiu-poll
tants like ozone, nitrogen dioxide, and formaldehyde were simulated.
Figure57 shows surface concentrations of NGimulated in then-
termediate modelling domain (3x3 kjnat nighttime. Due to the short
lifetime of NQ, the locations of strong emitters are clearly visilin

the results.

References

Hilboll, A., Lowe, D., KuenenJ.P., Denier vatler Gon, H., and Vrekoussis, M.:
Validation of WRfEhem air quality simulations in the Netherlands at high
resolution, AGU Fall Meeting, New Orleans, USA, December 2017.

48


http://www.tropomi.eu/data-products/cindi-2
http://www.tropomi.eu/data-products/cindi-2

TM4-ECPL Ozone at Rapanui

Contribution of biomass burning to the
atmospheric composition of thee-
mote Pacific as registered in Easter |

land “r" W
20 H
Nikos Daskalakis, Rasmus Nuf3, and Mihalis Vrekoussis | I

Altitude (Km)

Ozone sondes at Rapanui
T

in collaboration with
Laura Galliardo Klenner (University of Chile), Maria Kanakidou (Unive
sity of Crete), Zoe Fleming (University of Leicester), and Stelios édyriok st

| |
falitakis (Utrecht University) | ‘ ,

0 . ‘

M odelling of ozone is difficult task, since there are no direct ot et e et et gt ot et
ozone emissions. It is a purely secondary pollutant, chemically Date

produced in the atmosphere. The main removal processes consist ofFigure58: Simulated (top) and measured (bottom) ozone vertical profiles over Rapa I

chemical transformation and dry deposition. To simulate the vertical (Easter Island) for the years 19@914.

distribution ofozone in the troposphere, we need to properly account which show that theair massegeaching the island come mainly from

for both precursor species amounts (CO, NOx etc) and pmrodu the west, being influenced mostly by the vast ocean.

tion/removal processes.

Altitude (Km)

The modelmeasurements comparison revealed that the modelsim

For this work, we used the highly documented TE@PL model. TM4 lates correctly the seasonality of ozone levels. However, at the same
ECPL is a Chemistry and Transport Model (CTM) withnalytical time the comparison alspointed tothe Y2 RSt Q&4 Ayl oAt AGEe
chemical scheme consisting of ~280 reactions involving 120 tracers. the tropopause height (se€igure58). The model simulates a higher

The model is driven by the EfR&erim reanalysis meteorology from tropopause, thereby affecting the mixing of the atmbsgpe. It mang-

ECMWEF and uses a variety of emissions covering all different sources es to capture stratospheric ozone intrusions events that we see from
(anthropogenic, biomass burning, biogeninarine and soil). the measurements with higher ozone values well below the @rop

pause, down to almost 10 km altitude (13 km altitude in the model). To
further explain the ozone levels, the pact of longrange transport,
wildfires and the El Nii@outhern Oscillation (ENSO) needs to be a
dressed.

Here we compare the simulated TMECPL ozone concentrations over
the Easter Island (Rapa Nui) to the collocatdche series of
ozonesondes. Easter Island is chosen as a representative background
site of the Southern Pacific region, niradg such a comparison extrem

ly important for the understanding of thenodelledprocesses. Such a
remote location has minimal local anthropogenic impact on ozone
precursor levels. This is supported by back trajectories of the region,
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Transport climatology of black carbon

emissions from European megacities
Anna B. KalisEledegaard, Adreas Hilboland Mihalis Vrekoussis

lack carbon (BG$ a component of particulate matter, consisting of

pure carbon in several linked forms. It is formed by incomplete
combustion of both fossil fuels and biomass and is thus a product of
both anthropogenic and natural processes. Black carbon plays a-signif
cant role as a positive radiative forcer and notably impacts human
health and welbeing.

During the past decades, human economic activity and thus cembu
tion of fossil fuels has continued to experiernleege growth rates. At
the same time, more and moref this economic activity is concentra

ed in large urban agglomerations. It is therefore interesting and i
portant to evaluate the impact of these large urban agglomerations on
air quality, and how it has changed over the past decades.

To answer this questn, the offline Lagrangian transport and dispe
sion model FLEXPART is applied to describe the climatological-dispe
sion characteristics of black carbon emissions from major population
centres(MPCs) in the Northern Hemisphere for the period 1:2808.
Themodelledblack carbon is subject to removal processes by dry and
wet deposition. The simulations are forced by the ECMWFIBRAM
meteorological reanalysis and the emission strengths are taken from
the MACCity inventory.

Using these simulations, the pact of the emissions from selected
urban agglomerations on air pollution levels at local, regional, and
hemispheric scales can be evaluated. Emissions are treated on a
monthly basis, to identify seasonal differences in the dispersian pa
terns. In most cass, there is a clear difference during different parts of
the year.
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Figure60: Simulated surface concentrations of black carleomssions from Moscow for
summer2014(top) and winter 2014 (bottom).

For example, the black carbon emissions from Moscow during winter
spread to continental scalesyhereasin spring and summer, them-
pact covers only a relatively small regi@figure60). This difference is
caused both by seasonal patterns in predominant wind directions and
precipitation patterns, and by the generally lower emissions in summer
time.

Using this multidecade dataset, it is now possible to address questions
like the decadal changes in the health impact of individual majoupop
lation centresand individual source sectors, or the impact of individual
MPCs on black carbon deposition on Arciea ice.
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Introduction to new IUP department on

climate modelling

Veronika Eyring, Bettina K. Gemd Katja Weigel

n July 2017, a new IUP department Giimate Modellingvas est#-

lished under the lead of Prof. Veronika Eyring. In collaboration with
the department onEarth System Model Evaluation and Analgsithe
DSNXIYy ! SNRaLI OS / SyiSNRna
the new department focuses oanalysingEarth system model (ESM)
simulations in combination with observations to better understand
and project the climate system and anthropogeslimate change. The
evaluation of ESMs with observations is crucial for an improved pr
cess understanding of the climate system and is also a vital prerequ
site for more trustworthy climate projections of the 21st century
needed as basis for guidelinesdlimate policy.

The department provides major contributions to the Coupled Model
Intercomparison Project (CMIP), currently in its 6th phase (CMIP6,
Eyring et al., 2016a), by contributing to the development of the Earth
System Model Evaluation Tool (EStVINbol, Eyring et al., 2016b) and

by running the tool on model output submitted to the CMIP archive for

a more systematic, open and rapid performance assessment of the
large and diverse number of models (Eyring et al., 2016c). This will also
expose whethedong-standing model errors remain evident in newer
models and will assist modelling groups in improving their models.
hyS ¥20dza 2F G(KS RSLINIGYSy(@a
straints with the goal to narrow uncertainties in key climate feedbacks
andin climate projections with observations. Emergent constraints are
relationships across an ensemble of models between an unobservable
Earth system sensitivity and an observable trend or variation in the
contemporary climate (Wenzel et al., 2018)s an eample towards

the development of emergent constraints for the carbon cyéligure

61 shows the mean seasonal cycle amplitude of coltawaraged dry
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Figure61: Map of the XC@seasonal cycle amplitude [ppmv] from satellite
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tion data (lower panel).

air mole fractionof CQ (XCQ) for satellite observations and the muilti
model mean calculated from 10 ESMs participating in the CMIP Phase
5 (CMIP5) for the years 20@®16. The models are sampled the same
way as the observations. The observations (Buchwitz et al., 2018)
combine measurements of SCIAMACHY (SCanning Imaging Absorption
Spectrometer for Atmospheric CHartographY) on Envisat and TANSO
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FTS (Thermal And Near infrared Sensor for carbon Observfimuni-

er Transform Spectrometer) on GOSAT (Greenhouse gases Observin
SATellite). The seasonal cycle amplitude is defined as the-tpeak
trough amplitude in a calendar year of the detrended time series. Both
models and observations show characteristic seasonal cyclesjn CO
with lower values in the summer when strong phsynthesis causes
plants to absorb CQand higher values in the winter when photosy
thesis stops. The pedahk-trough amplitude of the seasonal cycle teer
fore depends on the strength of the summer photosynthesis and the
duration of the growing season arnid larger in the Northern than in
the Southern Hemisphere. A study in the journal Nature shows that
doubling of the C@concentration in the atmosphere will cause global
plant photosynthesis to further increase by approximately one third
(Wenzel et al., 206).

In Figure 62, following Schneising et al. (2014), the influence of the
growing season temperature anomaly on the seasonal cycle ardplit
for the northern midlatitudes (3060°N) is shown for the observations
and the multtmodel mean. The growing season temperature anomaly
is defined as the temperature anomaly with respect to the monthly
climatology averaged over the growing season (ApriSeptember for

the Northern Hemisphere). Only vegetated areas are used, identified
by the MODIS (MODerate resolution Imaging Spectroradiometer) Land
Cover Classification. The muitiodel mean is able to reproduce the
observed correlation and negativeend of the seasonal cycle anpl
tude with increasing growing season temperature.

The data areanalysedas part of the Advanced Earth System Model
Evaluation for CMIP (EVal4CMIP) project funded by the Helmholtz
Society. All data are processed and combinathg the ESMValTool
(Eyring et al., 2016b), an opsource communitydeveloped diagns-

tics and performance metrics tool for the systematic evaluation of
ESMs with observations.

The Climate Modellingdepartment maintains close collaboration in
particular wth the Greenhouse Gas Groagp IUP as well awith the
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Figure62: Seasonal cycle amplitude of XJ@pmv] versus the growing season
temperature [K] for the years 2003 to 2016 fatedlite observations (upper
panel) and their multmodel meanlpwer pane)in the Northern midatitudes

Climate Informatics Groupf the DLR Institute of Data Sciences and its
external collaboration partners from the Friedri@chillerUniversity

and the MaxPlanckinstitute for Biogeochemistry in Jenis strongly

linked to international research activities within the World Climate
Research Programme (WCRP) and contributes to international climate
assessments of the Intergovernmental Panel on Climate Change (IPCC).
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Links
ESMValTool: http://www.esmvaltool.org/

CMIP video: (shorter versiohjtps://youtu.be/wTBkg9nWNEE
CMIP6 video (longer versiomytps://youtu.be/WdRiYPJLt40

WCH website Newshttps://www.wcrp-climate.org/wgcmcmip/cmip-video

EGU Highlight Articléxttp://www.egu.eu/news/highlightarticles/586/wcrps
coupledmodetintercomparisorproject-a-remarkablecontribution-to-
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How well is the North Atlantic circulation

simulated in models?

Tilia Breckenfelde Monika Rhein, Achim Roesshid Christian Mertens

he North Atlantic Current (NAC) transports warm and

saline water from the subtropical Atlantic to the high
latitudes, and thereby significantly influences the climate
and seal level in western and northern Europe. Despite its
importance, continuous observations of the strength of that
circulation are only available on some locations, and none of
those time series is longer than 25 years. This is much too
short to analyse wéability on multiannual to decadal time
scales and their linkage to the atmosphere and climate.
These topics have to be studied with models, but for that
they need to simulate a realistic circulation.

To find out whether this is the case, observed transpione
series in the subpolar North Atlantic are compared with the
modelled circulation (Breckenfelder et al., 2017), and this
was a joint effort of the observational group at the IUP and
the model group of C. Béning at GEOMAR, Kiel.

The simulated NAC ansport across the Midtlantic Ridge
from the western into the eastern Atlantic (27 Sv) was only
slightly lower than observed, but the NAC pathways were
shifted further northward. In the edern Atlantic, the wets

ern branch of the NAC carries the bulk tbke transport,
while epsodic obsevations point to a preference of the
eadern branch. In short, the model is able to simulate the
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Figure63: Modelled integrated flow field, 1000m depth for time periods with
high positive NAO (left) and high negative N@ight). From Breckenfelder et al.,
2017

atmospheric modes in the model. It turned out that the
modelled NAC transports were significantly larger during
high NAO phases (+6.7 Sv) by nmhaienharting the
transport of the eastern NAC branch.

This esearch is part of the BMBF fded programRACE
(Regional Alantic Ciralation and Global Change).
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