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IUP Mission Statement 
The overarching objective of the Institute of Envi-

ronmental Physics is to understand the mecha-

nisms controlling the Earth System and its re-

sponse to change. This is achieved by using physi-

cal methods and research focuses on the sub sys-

tems atmosphere, ocean, cryosphere, and their 

interfaces. This requires the development and use 

of remote sensing techniques from the ground, 

from ships, aircraft and satellite platforms and in-

situ measurements for process studies. The data 

are coupled with models to interpret the observa-

tions and improve the prediction of change. 

Introduction 
he IUP comprises four departments: Remote Sensing, 
Physics and Chemistry of the Atmosphere, Oceanogra-
phy, and Terrestrial Environmental Physics. 

The Department of Remote Sensing employs passive re-
mote sensing instrumentation such as Fourier transform 
interferometers and microwave radiometers taking meas-
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 (Svalbard) to the 
tropics (Surinam), as well as aboard research vessels (R.V. 
Polarstern) and aircraft (Falcon). Furthermore, operational 
satellite instruments are used to monitor atmospheric and 
earth surface properties. Among them are sea ice coverage, 
water vapour and clouds. A further research focus is the 
investigation 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 the Department of 
Physics and Chemistry of the Atmosphere aim at improving 
the understanding of the complex physical chemical pro-
cesses in the atmosphere and its interfaces to land, ocean, 
ice, and deep space. Emphasis is placed on the impact of 
climate change of either anthropogenic or natural origin on 
the composition of the troposphere, stratosphere, and mes-
osphere, including greenhouse gases, pollutants and reac-
tive gases. A particular focus has been the scientific support 
and direction of the Global Ozone Monitoring Experiment 
(GOME) and Scanning Imaging Absorption spectroMeter for 
Atmospheric ChartograpHY (SCIAMACHY) missions. These 
satellite sensors allow characterizing the chemical composi-
tion of the atmosphere remotely by means of spectroscopy 

in the ultraviolet, visible and 
near-infrared spectral regions 
using grating spectrometers. 
Similar instruments are oper-
ated ground-based (NDACC 
stations, BREDOM network), 
on ships (R.V. Polarstern), 
planes and balloons. Remote 
sensing is complemented by 
in-situ experiments, laboratory 
work on spectroscopy and re-
action kinetics, and modelling 
of physical and photochemical 
processes in the lower, middle 
and upper atmosphere. 

The main research topics of 
the Department of Oceanog-
raphy are the climate relevant processes in the Atlantic 
Ocean. The global meridional overturning circulation (MOC) 
plays an important role in the distribution of the heat re-
ceived from the sun and thus for climate and climate 
change. Whether and how global warming will affect the 
circulation and how this will feed back on the climate is one 
of the central issues of marine research. The department 
studies ς mainly with experimental methods ς circulation, 
formation, and transformation changes in key regions of the 
Atlantic MOC, develops methods to infer the strength of the 
MOC, and improves and expands the tracer analysis tech-
niques. Other interdisciplinary research themes are the role 
of vertical mixing in water mass transformation and at hy-
drothermal vents, the calculation of upwelling velocities at 
the equator and at the coast as well the dating of groundwa-
ter. The research is part of national and international pro-
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Department contacts 
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Prof. Dr. John P. Burrows 

+49-421-218 62100 
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Prof. Dr. Justus Notholt 

+49-421-218 62190 

jnotholt@iup.physik.uni-bremen.de  

 

Oceanography 

Prof. Dr. Monika Rhein 

+49-421 218 62160 

mrhein@physik.uni-bremen.de 

 

Terrestrial Environmental Physics 

Dr. Helmut Fischer 

+49-421-218 62761 

hfischer@physik.uni-bremen.de   

 

grammes such as CLIVAR (Climate Variability and Predictabil-
ity) and CARBOOCEAN (EU Integrated Project). 

The Department of Terrestrial Environmental Physics of the 
IUP investigates 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 (as which it forms part of the state and 
federal nuclear emergency management networks) and of a 
unique Earth Field NMR apparatus. 

The IUP is internationally well known for its participation in 
a number of advanced space-borne missions, like GOME and 
SCIAMACHY. Of particular importance is the Global Ozone 
Monitoring Experiment, GOME, which was the first satellite 
sensor to measure tropospheric trace constituents from 
space and has operated aboard ERS-2 for over 10 years. 
GOME is a smaller version of SCIAMACHY, which was 
launched successfully in 2002 and has provided almost a 
decade of successful measurements. Both sensors, GOME 
and SCIAMACHY, were proposed by the IUP, and the IUP 
acts as Principal Investigator. The IUP is also involved in 
many international projects with space-borne instruments 
for remotely measuring the surface, such as sea ice, the 
Wadden sea and land use. In addition the IUP runs instru-
mentation at research measurement stations worldwide. It 
has participated in many international and national research 
campaigns using ships, aircraft and ground-based instru-
ments. Members of the IUP are actively involved in the in-
ternational scientific organisations like COSPAR, IGBP-IGAC, 
WCRP-SPARC, CACGP and WMO-IGACO. 

More than 100 Ph.D. students and postdocs work at the IUP. 
Students in general physics have the possibility to specialize 
in environmental physics. A variety of courses is offered at 

the IUP, in cooperation with 
the colleagues from the 
Alfred-Wegener-Institut of 
Polar Research and Ocean-
ography (AWI) in Bremer-
haven. The aim of the envi-
ronmental physics course is 
to provide a basic education 
in the areas of the ocean, 
the atmosphere and the 
solid Earth. Whereas other 
German universities cover 
parts of environmental 
physics, for example physi-
cal oceanography or mete-
orology as independent 
subjects, Bremen addresses 
all of them within the phys-
ics course fully integrated 
into the general physics. 
The students even have the 
opportunity to participate in 
exciting expeditions world-
wide. To strengthen envi-
ronmental physics as a 
course of study in its own 
right and also to motivate students from abroad to study in 
Bremen, a four-semester international course leading to a 
Master of Science (M.Sc.) in Environmental Physics and a 
two-semester postgraduate course for the Certificate in En-
vironmental Physics have been offered since autumn 2000. 

This document provides an overview of selected research 
highlights achieved by the members of the four IUP depart-
ments during the period 2013/2014. 

mailto:burrows@iup.physik.uni-bremen.de
mailto:jnotholt@iup.physik.uni-bremen.de
mailto:mrhein@physik.uni-bremen.de
mailto:hfischer@physik.uni-bremen.de
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Figure 1:  FTIR-observatory at the  
University of Bremen 

 
 
 

 

 
Figure 2: Sites employing FTIR instruments 
in the TCCON and NDACC networks. 

 

Ten years of precise ground-based remote sensing of 
greenhouse gases 
Thorsten Warneke, Christof Petri, Nicholas Deutscher and Justus Notholt 

he increase of the atmospheric greenhouse gases carbon di-
oxide (CO2) and methane (CH4) results in an increase of global 

surface temperatures. Consequences of the temperature increase 
are already visible and severe consequences are predicted for the 
future, among them sea level rise, change of weather patterns, 
extreme weather events, extinction of certain wildlife species and 
the spread of diseases.  

The increase of CO2 in the atmosphere can be directly assigned to 
anthropogenic activities. Each year, several gigatons of CO2 are 
emitted into the atmosphere by human activities. Fortunately, 
only about 50% of the emitted CO2 remains in the atmosphere 
and thus contributes to global warming. The other 50% are taken 
up by natural sinks - the terrestrial biosphere and the ocean. Me-

thane (CH4), the sec-
ond most important 
anthropogenic green-
house gas after CO2, is 
emitted from highly 
variable and not well 
understood sources 
such as wetlands, rice 
fields, landfills, oil- 
and gas-exploration 
and ruminants.  

In order to reliably 
predict the future 
climate of our planet 

a good understanding of the sources and 
sinks of CO2 and CH4 is mandatory. Un-
fortunately, there are large gaps in our 
understanding of the natural sources and 
sinks of these gases. Key questions to be 
answered are: Where are the natural and anthropogenic sources 
and sinks? How strong are they? What are their characteristics? 
How will they respond to a changing climate?  

The basis for understanding the atmospheric greenhouse gas 
budgets and answering the questions above are precise meas-
urements of atmospheric CO2 and CH4. The global atmospheric 
observing system for greenhouse gases consists of in situ meas-
urements as well as ground-based and space-born remote sens-
ing measurements. While high quality in situ measurements are 
available since almost 60 years, the technically challenging re-
mote sensing measurements of CO2 and CH4 became possible 
only 10 years ago. In contrast to the in situ measurements, re-
mote sensing measurements integrate through the whole atmos-
phere, and satellites provide global coverage.  

The Total Carbon Column Observing Network (TCCON) represents 
the ground-based remote-sensing component in the global at-
mospheric observing system for greenhouse gases. It has been 
established in 2004. At that time it consisted of five sites: two in 
Europe, one in the US and two in Oceania. The only European 
founding member of TCCON was the Institute of Environmental 
Physics at the University of Bremen, operating the two European 
sites at Ny-Ålesund (Spitsbergen) and Bremen (Germany), see 
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Figure 3: Simultaneous ground-based remote sensing measurements of CO2 and OCS for 
three ground-based remote sensing sites of the University of Bremen compared with 
model simulations. 

Figure 2. Today the TCCON comprises more than 20 globally 
distributed sites and has established itself as a vital component 
in the global observing system for greenhouse gases. The Uni-
versity of Bremen has received EU-funding to build up two ad-
ditional TCCON observatories, which are already fully opera-
tional since 2009. These observatories are located in Bialystok 
(Poland) and Orleans (France) 

The ground-based remote sensing technique used within 
TCCON can be extended to different spectral regions, which 
allows the measurement of many gases. Currently we are in-
vestigating if simultaneous ground-based remote sensing 
measurements of CO2 and OCS (carbonyl sulphide) allow differ-
entiating between photosynthesis and respiration fluxes of 
CO2. This is not possible with CO2 alone. OCS is taken up by 
plants during photosynthesis, but in contrast to CO2 it is not 
released and therefore has the potential as a tracer for photo-
synthesis (Figure 3). 

References 
Wunch, D., et al., (2013), The covariation of Northern Hemisphere sum-
mertime CO2 with surface temperature in boreal regions, Atmospheric 

Chemistry and Physics, 13(18), 9447-9459, doi:10.5194/acp-13-9447-
2013. 

Warneke, T., et al. (2005), Seasonal and latitudinal variations of column 
averaged volume-mixing ratios of atmospheric CO2, Geophys. Res. Lett., 
32(3), L03808, doi:10.1029/2004GL021597. 

Rivers in the carbon cycle 
Thorsten Warneke, Denise Müller and Justus Notholt 

he carbon cycle describes the exchange of carbon between 
different reservoirs. The fast component of the carbon cycle, 

which is relevant for the understanding of anthropogenic climate 
change, describes the exchange of carbon between the land, the 
ocean and the atmosphere. There, rivers play an important role 
by transporting carbon from the land to the ocean. The pro-
cessing of carbon in rivers as well as the exchange of carbon be-
tween the rivers and the atmosphere have so far been ignored in 
carbon cycle modelling. Recent studies suggest that rivers play a 

crucial role for carbon processing and storage as well as green-
house gas emissions and are therefore of large importance for 
establishing regional carbon balances.  

One recent focus of our research are peat draining rivers in 
Southeast Asia. Southeast Asian peatlands store about 68.5 giga-
tons of carbon, which corresponds roughly to the amount of car-
bon emitted to the atmosphere by fossil fuel burning every 8 
years. This large carbon store is currently under high pressure due 
to anthropogenic activity. The conversion of tropical peat swamp 
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Figure 4: Sampling trip on a small peat-draining river in Sarawak (Borneo, Malaysia) 
  

 
 

Figure 6: This figure from Cole et al. 
(2007) shows a) the representation of 
rivers in current terrestrial models and b) 
an estimate of a more realistic represen-
tation of rivers) 

  

 
Figure 5: Dissolved Oxygen (DO) vs Dissolved Organic 
Carbon (DOC) in a river draining an undisturbed peat-
land. DOC increases in flow direction due to the DOC 
input from the peat swamps. The decomposition of DOC 
produces CO2 and consumes DO. For this river the DOC 
input exceeds DOC decomposition. 

forest to plantations (mainly oil palm) upsets both the water and 
the carbon balance in the peat soil. As a result, carbon that has 
been stored for centuries is lost to the atmosphere or the adja-
cent aquatic system. Consequently, rivers transporting peat-
derived carbon might be a mirror of the degree of disturbance in 
tropical peat ecosystems.  

Since the vast majority of peatlands in SE-Asia is located close to 
the coast and many peatlands are drained by short rivers, the 
carbon is rapidly transported to the coastal ocean. We have in-
vestigated a river that drains an intact peat dome in Sarawak 
(Borneo, Malaysia). The entire river catchment is covered by peat 
swamp forest. Though such a scenario is relatively unique, it is 
ideally suited for a baseline study. Such baseline data is vital for 
the interpretation of carbon fluxes from disturbed peat areas.  

The dissolved organic carbon concentrations in the river draining 
the undisturbed peatland are among the highest reported in the 
literature. The age of the dissolved organic carbon trans-
ported by the river was less than ten years, which shows 
that it is not derived from the peat-column, but from re-
cently fixed biomass.  Despite the very high organic carbon 
loads, the emission of CO2 from the river to the atmos-
phere is not unusually high, but comparable to other trop-
ical rivers. Most likely, this is a result of the short resi-
dence time of the carbon in the river, which is typical for 
peat-draining rivers in SE-Asia. 

References 
Müller, D.,et al,  Measuring dissolved greenhouse gases in peat-
draining rivers with FTIR spectroscopy. Conference proceedings 
of the 29th Annual Meeting of the German Limnological Society, 
Potsdam/Berlin, 2013. 

Müller, et al., Tracing origin and fate of dissolved greenhouse 
gases in Malaysian peat-draining rivers. EGU General Assembly, 
Vienna, 2014. 



 

8 

 
 
 
  

 
  

Figure 7: Measurements of HCl since the mid 80ies. Figure a) shows 
measurements above Jungfraujoch. The blue line denotes the trop-
ospheric chlorine as measured by in-situ instruments. The effect of 
the Montreal protocol can be observed from 1993, when the chlo-
rine content starts decreasing. Due to the transport time scale the 
stratospheric decrease of chlorine starts around 1998. Figures b), c) 
and d) show the time from 1998 until 2012. It can clearly be ob-
served, that in the northern hemisphere the HCl content increases 
after 2007. (from Mahieu et al.,  2014) 

Increase of the chlorine load in the northern 
hemisphere between 2007 and 2012 
Mathias Palm and Justus Notholt 

hlorine radicals in the stratosphere are the main cause of 
Ozone depletion. The main source of chlorine radicals in 

the stratosphere are Chlorofluorocarbons (CFCs) which are 
widely used for their properties, they are chemically very sta-
ble and not inflammable. Those properties, which made them 
the substance of choice as a cooling agent, as a propellant in 
cosmetics and other applications, make them so problematic, 
because they are not removed from the atmosphere and are 
transported to the upper stratosphere, where they are broken 
down by solar irradiation and release chlorine radicals. 

A measure for the chlorine load in the stratosphere is the con-
tent of HCl, which serves as a reservoir gas for Cl radicals. 
With the rise of the sun above Polar Regions in spring, the Cl 
ions are released from HCl and enable catalytic Ozone deple-
tion, which was first discovered in the Antarctic and published 
in 1985. The discovery of this mechanism led to the Montreal 
protocol which aimed at a complete ban of substances harm-
ing the Ozone layer. 

Following the signing of the Montreal protocol, the Cl load in 
the stratosphere started to decrease as expected until 2007 
(compare Figure 7), when it started to rise again. This caused 
great concern among the atmospheric scientist, because it 
was unclear what caused this increase (Mahieu, 2014). Using 
chemical transport models, this increase could be linked to a 
change in Brewer Dobson circulation, which transports the air 
containing CFC's from the tropical regions where tropospheric 
air enters the stratosphere, in the upper stratosphere and 

finally to the poles, the 
regions where ozone 
depletion is most se-
vere. This circulation 
slowed down and 
therefor exposed the 
parcels containing 
CFC's longer to UV-
radiation in the upper 
stratosphere increas-
ing the free Cl. 

Whether or not this 
leads to a faster re-
covery of the ozone 
layer or hampers this 
recovery has yet to be 
studied.  

References 
Mahieu, E.; Chipperfield, M. P.; Notholt, J.; Reddmann, T.; Anderson, 
J.; Bernath, P. F.; Blumenstock, T.; Coffey, M. T.; Dhomse, S. S.; Feng, 
W.; Franco, B.; Froidevaux, L.; Griffith, D. W. T.; Hannigan, J. W.; 
Hase, F.; Hossaini, R.; Jones, N. B.; Morino, I.; Murata, I.; Nakajima, 
H.; Palm, M.; Paton-Walsh, C.; III, J. M. R.; Schneider, M.; Servais, C.; 
Smale, D. & Walker, K. A. Recent Northern Hemisphere stratospheric 
HCl increase due to atmospheric circulation changes Nature, 2014, 
515, 104-107 
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Figure 8: Monthly averages of the Arctic CO profile measured by 
Fourier Transform spectroscopy above Ny-Ålesund. 

 
 
 

 
Figure 9: Time evolution of the Arctic CO profile measured by 
Fourier Transform spectroscopy above Ny-Ålesund. 

Measurements of CO above Kiruna
Mathias Palm, Christoph G. Hoffmann, and Justus Notholt 

tratospheric and mesospheric profiles of CO can be used to 
study the vertical branch of the meridional circulation 

above the winter pole. CO is produced by the photo-
dissociation of CO2 and destroyed mainly by reaction with OH. 
In dark conditions, there is low supply of OH and the CO con-
tent is preserved. This leads to a strong gradient in the CO 
profile and makes CO an ideal tracer for the vertical branch of 
the mesospheric circulation because the shape of the CO pro-
file is preserved and only moves downwards as the air above 
the pole descends (compare Figure 8). 

The air above the pole is enclosed in the so called polar vortex 
which forms an effective barrier against mixing. As a result, 
the air above the pole becomes very cold and chemical spe-
cies, like nitrogen and hydrogen containing radicals which 
would quickly break down in sun-lit conditions stay active a 
long time and can be transported into lower layers of the at-
mosphere. 

The measured CO time series (see Figure 9) can be interpreted 

as caused by ver-
tical movements 
of air-masses 
above the winter 
pole. Comparison 
with models, here 
the model SD-
WACCM, shows however, that this is not always the case. For 
example, periods when the profile seems to be rising can also 
be caused by the mixing with CO poor air masses, for example 
in January and after the 10th of March in Figure 9. 

Those various effects can be disentangled by detailed analysis 
using an atmospheric model. The CO gradient is a measure of 
how quickly air from the mesosphere, which may be enriched 
in ozone-depleting nitrogen oxide radicals, descends into the 
stratosphere, where ozone depletion may take place. This is 
called the electron-particle-precipitation indirect effect. 

The properties of the ground based measurements of CO and 
their interpretation have been studied in detail by Hoffmann 
et al., 2011 and 2012. 

References 
Hoffmann, C. G.; Raffalski, U.; Palm, M.; Funke, B.; Golchert, S. H. W.; 
Hochschild, G. & Notholt, J. Observation of strato-mesospheric CO 
above Kiruna with ground-based microwave radiometry -- retrieval 
and satellite comparison Atmos. Meas. Tech., 2011, 4, 2389 - 2408 

Hoffmann, C. G.; Kinnison, D. E.; Garcia, R. R.; Palm, M.; Notholt, J.; 
Raffalski, U. & Hochschild, G. CO at 40ς80 km above Kiruna observed 
by the ground-based microwave radiometer KIMRA and simulated by 
the Whole Atmosphere Community Climate Model Atmos. Chem. 
Phys., 2012, 12, 3261 ς 3271 
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Figure 10: Simulated relative change of ozone in a sprite streamer at different 
altitudes. Shown are the results for (left) night-time, and (right) day-time condi-
tions (solar zenith angle 65°). 

The chemistry of high altitude discharges 
Holger Winkler and Justus Notholt 

n addition to the well-known lightning flashes in the tropo-
sphere, there are electric discharges at higher altitudes. Dif-

ferent types of transient luminescent events (TLEs) have been 
observed between thunderstorm clouds and the ionosphere. 
The most famous of these events are the so called (red) 
sprites which occur in the mesosphere, typically in the altitude 
range 50 ς 85km. Other TLEs are the elves in the lower iono-
sphere (~100km), blue jets in the stratosphere (15 - 40km), 
and gigantic jets (15 - 100km). 

It is well established that atmospheric discharges have chemi-
cal effects. Energetic electrons cause ionisation, dissociation 
and excitation mainly of the highly abundant N2, and O2. As a 
result, reactive nitrogen and oxygen species are produced 
which initiate rapid ion-neutral reactions. Of particular inter-
est from the atmospheric chemistry point of view is the for-

mation of ozone, and the production of ozone depleting nitric 
oxide. In recent years, the chemistry of sprites has been inves-
tigated in a number of model studies. However, our under-
standing of the impact of sprites is still limited. Furthermore, 
there are only a few investigations on other TLEs including the 
blue jet events which occur in the altitude range of the strato-
spheric ozone layer. 

In order to simulate the chemical processes in TLEs, a numeri-
cal plasma chemistry model has been developed at the IUP. It 
calculates the evolution of 91 neutral and charged species due 
to more than 1000 photochemical reactions. Recently, the 
model has been used to simulate the chemical processes in 
plasma filaments (streamers) of day-time sprites, and to in-
vestigate the reactions in blue jet discharges in detail.  

Day-time sprite streamers  

Sprites are mainly night-time phenomena. During the day, the 
ionospheric conductivity is higher, and the occurrence rate of 
sprites is smaller than at night. All previous model simulations 
on the chemical processes in sprite streamers had been per-
formed for night-time conditions. The IUP plasma chemistry 
model has been used to study the chemical processes in day-
time sprite streamers for the first time (Winkler and Notholt, 
2014a). It was found that the chemical effects in streamers of 
day-time sprites differ significantly from the ones of night-
time sprites. Figure 10 shows the relative change of the ozone 
mixing ratio in night-time and day-time streamers, respective-
ly. In both cases there is an initial (weak) decrease of ozone
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Figure 11: Simulated streamer NO+NO2 mixing ratio as a 
function of altitude and time since the onset of the elec-
tric pulse. 

 
 

 
Figure 12: Simulated ozone volume mixing ratio as a 
function of altitude and time since the onset of the elec-
tric pulse of a blue jet streamer. 

due to ionic processes followed by an increase of ozone due 
to atomic oxygen liberated by electron impact dissociation of 
O2. All this is very similar for day and night atmosphere. On 
longer time-scales, however, there are considerable differ-
ences between night and day. While the ozone increase is 
stable at night, there is a decrease of ozone in the day-time 
case. The reasons for these differences are catalytic ozone 
loss reactions with nitrogen radicals which only take place in 
the sunlit atmosphere. 

Blue jets  

These events are upward propagating discharges which origi-
nate from thunderstorm clouds. They consist of a so called 
leader (a high-temperature plasma channel) and a fan of 
streamers emitted at the tip of the leader. The IUP model re-
sults indicate that there is considerable impact on nitrogen 
species and ozone in the streamers. The chemical effects of 
the streamers predicted by our model are by orders of magni-
tude larger than in previous model studies (which used un-
derestimated electric field parameters). Figure 11 shows the 
evolution of NO+NO2 and Figure 12 the development of ozone 
in a streamer. Additionally, the chemical processes in the 
leader part of a blue jet have been simulated for the first time. 
Driven by high-temperature reactions, the concentration of 
N2O and NO increases by several orders of magnitude, and 

there is a significant de-
pletion of ozone (Winkler 
and Notholt, 2014b). The 
model results might gain 
importance by the fact 
that the chemical pertur-
bations in blue jets are 
largest at altitudes of the 
stratospheric ozone layer.  

References:  
Winkler, H. and Notholt, J. 
(2014a): The chemistry of 
daytime sprite streamers - a 
model study, Atmos. Chem. 
Phys., 14, 3545-3556, 
doi:10.5194/acp-14-3545-2014 

Winkler, H. and Notholt, J. 
(2014b): A model study of the 
plasma chemistry of stratospher-
ic Blue Jets, J. Atmos. Solar-Terr. 
Phys., ATP4114, 
doi:10.1016/j.jastp.2014.10.015 
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Figure 13: Arctic sea ice concentration of 

the 2014 minimum on 17 September 

 

 
 
  

 
Figure 14: Thickness of thin ice on 29 Oct 2014 

Sea ice in the climate system  
Georg Heygster, Christian Melsheimer and Justus Notholt 

 he inaccessible polar regions belong to those parts of 
the world of which the least information on weather and 

climate is available. On the other hand, the global warming 
is most pronounced in the Arctic (Arctic Amplification). In 
order to better understand these processes, which also in-
fluence the climate in mid-latitudes, as many as possible 
weather and sea ice parameters from the Arctic need to be 
collected on a regular basis. This is best done using satellite 
observations which may be obtained daily over the whole 
globe. For many years the IUP has been contributing daily 

maps of the Arctic and 
Antarctic sea ice 

(www.iup.uni-

bremen.de:8084/amsr2) 
derived from observa-
tions of the passive 
microwave sensors 
AMSR-E on the satellite 
AQUA, (2002-2011) 
and AMSR2 on GCOM-
W (since 2012) (Spreen 
et al. 2008).  

Ongoing research de-
velops daily maps of a 
series of other parame-
ters such as the thick-
ness of thin sea ice 
from the L-band mi-
crowave sensor SMOS, 
snow depth on sea ice 

and sea ice type from AMSR2, total water 
vapour from microwave humidity sounders 
like AMSU-B on the NOAA satellites, and 
albedo and melt pond fraction of Arctic sea 
ice in summer using the optical sensor 
MERIS on ENVISAT (Istomina et al. 2014). 

The Arctic sea ice area varies seasonally 
between 4 and 12 million km². Figure 13 
shows as an example the minimum of 2014 
on 17 September. Figure 14 illustrates the 
regions of thin sea ice late in October of the 
same year, as obtained from observations 
of the ESA satellite SMOS (Soil Moisture and 
Ocean Salinity) with a procedure described 
by Huntemann et al. (2014). Note the near match of the 
region of thick ice in late October (Figure 14) with the ice 
covered areas of the sea ice minimum on 17 September in 
Figure 13.  

In Figure 15 (top), the time series of the Arctic sea ice extent 
since 1979 is shown as it can be derived from maps as de-
picted in Figure 13. The trends for each single month in Fig-
ure 15 (bottom) show that the decline is strongest in the 
months of low ice extent (August, September) and least in 
winter (February, March) when the sea ice extent is high. 
Does the sea ice reduction occur everywhere in the Arctic, 
or does it have a specific distribution? The map of the linear 
trend of the sea ice concentrations in Figure 16 gives the 
answer: The decline occurs mainly along the sea ice edge. 
There are even regions where the sea ice increases (Figure 
16), such as in the Bering Sea in the months January to 
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