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Foreword

For their work, decision-makers in policy
and business need robust ciimate infor-
mation on which to rely their judgements.
Profound knowledge of the state of the
climate system in the past, teday and in
the future is the basis for any decisions
to be made about measures for climate
adaptation and climate protection.

To further develop the state of know-
ledge and understanding, robust data
and information are equally impaortant
for research. The provision of such infor-
mation requires long-term, scientifically
sound collection and pooling of data.

Continuous lang-term cbservation of
all climate system components and the
scientific processing of the data gathered
are indispensable for identifying changes
in the climate, deepening the under-

A& Stefan Schnor, Stabe Secretary ai the Fedecal
Ministry for Digital and Transport (BMDV)

skanding of the causes and being able to
warn in good time of any extreme events
or wide-ranging impacts.

Lang, uninterrupted measurement
series alane make it possible to identify

any changes in the climate system and
all related changes in the frequency and
intensity of extreme weather events at
an early stage.

| am very happy that this new edition
of the Inventory Report on Climate
Observing Systems provides an up-to-
date summary of the ongoing measuring
and observation programmes that are in
place in Germany ta monitor the climate
and, through this, gives an overview of
Germany's contribution to the Global
Climate Observing System (GCOS). The
responsibility for monitoring the various
components of the climate system is
distributed between national/federal and
regional/federal-state authority. | thank
everyone invalved for their valuable con-

tributians.



Summary

The foundations for all observation of
meteorological phenomena worldwide
were laid In 1780 with the foundation of
the Mannheim Societas Metearologica
Palatina.

This is why Germany has a very long
tradition of climate observation, with the
world:s oldest mountain station run an
Mount Hoher Peissenberg and a continu-
ous time series of near-surface tempera-
ture and air pressure observations since
1781. Systematic weather observations
began in Germany in 1881, with record-

ings taken at 144 stations throughout
the whole country. In 2022, the measur-
ing network operated by the Deutscher
Wetterdienst (DWD) included 1946 pre-
cipitation stations and 472 climate sta-
tians.

Accordingly, Germany has recourse
to long time series of atmospheric and
hydrolagical climate variables, the can-
tinuity of which is largely secured long
into the future. The biggest problems for
sustainable continuation of the observa-
tion series and in securing the availabil-

ity of observation series exist for ocean
abservations and for some of the terres-
trial observation programmes in Germany
as well as internatianally.

Ewven though not all relevant data are
available at national level in a stand-
ardised form, the wealth of data gained
by measurement allows for amply accur-
ate statements on the climate in Ger-
many and its development.

The challenges ahead are to further
standardise measuring systems and to
ensure the availability of Germany-wide

o View from fhe OWD weather station fowards (e
sarmmit af the Zugspitas

data while fulfilling the Herculean task of
digitising existing historical paper data.
A necessary prerequisite to efficiently
and sustainably implement the German
Action Plan for Adaptation under the
German Adaptation Strategy of the Fed-
eral Government is to have an integrated
view of all relevant climate variables.
Here the German Climate Preparedness
Portal (KLIVO} offers the possibility to
bring all relevant institutions together.
This Inventory Report on the German
Climate Observing Systems is a revised
and updated edition of the report pub-
lished in 2013. It gives a detailed aver-
view of climate-relevant variables of the
atmeosphere, ocean and land that are
measured in Germany. It thus is an up-
to-date, broad compendium of German
climate observation addressing climate
research and everyone in decision-
making. The conclusions regarding the
sustainability of the observation pro-
grammes aim to call the attention of
decision-makers to the potential risks
that might arise from a lack of long-term
observation of the climate system.
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Introduction




Maore than thirty years have passed since the adoption of the
United Nations Framework Convention on Climate Change
(UNFCCC) at the Earth Summit in Rio de Janeiro in 1992, At
first, the main focus of public attention was on climate pro-
tection. In recent years, however, the realisation has grown
that adaptation to climate change has also become an inevit-
able fact. It has also become increasingly clear that climate-
informed decisions require long-term, high-guality time series
of the main climate parameters. These time series, however,
often are incomplete. Considering all this, the Global Climate
Observing System (GCOS) was established shortly after the
Rio Earth Summit, tasked with the global co-ordination and
documentation of such climate observations.

Introduction to the report

A Figure 1-1: Components of the cimade system and thelr physical, chemical and biological interactions
{Saurce: BWO)

Climate system and climate
observations
»Climates« is generally understood as
the average of weather conditions
observed at a certain place over a
sufficiently long period of time so that
it can be described using statistical
values, The internationally agreed
period of time aver which statistical
values, such as means and averages
{e.g. of near-surface temperature),
frequencies (e.g. of exceaedance ar
nan-exceedance of thresholds) aor
extremes, are calculated is 30 years.
As a rule, the longer the periods under
examination, the more representative
the statistical statements will be.

The climate in a certain place de-
pends on a number of processes and

developments. To understand the inter-
relationships that make up the climate
system, the state of the atmosphere
needs to be observed and described
aver long time periods, just as much as
the state of bath oceans and land sur-
faces as well as all related changes.
The climate system consists of the
atmosphere, oceans and land surface.
With many changes regarding these
components being influenced or, even
more, triggered by human activity,
socio-economic facts must also be
taken into consideration. Figure 1-1
gives an overview of the physical,
chemical and biological interactions in
the climate system. = s o



Observations - here to study the
climate system - enable research to
develop model-like visions of the inter-
play and its effects. Understanding
this is the prerequisite to be able to
reconstruct the observations by means
of mathematical/physical models (i.e.
climate maodels), validate visions and,
on this basis and taking into account
certain assumptions, come to produce
reliable projections of future develop-
ments.

The six assessment reports (1990,
1995, 2001, 2007, 2014 and 2021) by
the Intergovernmental Panel on Climate
Change (IPCC) give evidence of how
our knowledage of the climate systam
and climate modelling has developed
over the last decades. Many of the new
findings in understanding the climate
systemn as well as the ensuing model
improvements result from the availabil-
ity and extensive analysis of observa-
tional data.

The IPCC’s first assessment report
had already pointed out the necessity
of improving systematic observation of
climate-relevant parameters at global
level (IPCC 1990). The participants to
the Second World Climate Conference
{WCC-2) in 1992 called for the estab-
lishment of a global system for climate
observations (WMO 1990). As a result,
the Global Climate Observing System
{GCO5) was jointly established in 1952
by the World Meteorological Organiza-
tian (WMO), the United Nations Enviran-
ment Pragramme (UNEF), the Intergow-
ernmental Oceanographic Commission
{10C) of the United Nations Educational
Scientific and Cultural Organization
{UNESCO) and the International Science

Council (ISC}). Since then, various
reports have been compiled within the
scope of GCOS to analyse the state of
global climate observing systems, elab-
orate plans how to overcome short-
comings in the observing systems and
document the progress made in the
implementation of these plans.

Requirements for climate

observations

The basic requirements to be met by

the GCOS programme were specified at

the time of the system's foundation in

1992, A more sophisticated definition

of these requirements was presented

in & detailed report on the adequacy
of global climate observing systems

{WMO 2003b). This list of requirements

includes:

1. Characterising the state of the
global climate system and its
variability
In order to describe the climate
system, a wide variety of atmos-
pheric, oceanic and land variables
need to be collected. To obtain
exact estimations of temporal par-
ameter variability and attribute the
causes, the measurement series
must be highly accurate, with good
homageneity and lang-term con-
tinuity.

2. Monitoring the forcing of the
climate system, including both
natural and anthropogenic
contributions
In the past centuries and millen-
niums, climate variability resulted
from variations in natural factors,
such as solar radiation and volcan-
ism. Today, anthropogenic causes

A Photo 1-1: Hade phenomenon over the DWD's measusring feld on mownt Fichtathang

add to these, including greenhouse
gas emissions and air pollution as
well as land-use changes.

3. Supporting the attribution of
the causes of climate change
Climate menitoring as described in
Requirements 1 and 2 also helps to
obtain a better understanding of the
interactions between different elem-
ents and attribute the causes of
changes. This is done by developing
madels which, based on the obser-
vational data and in model experi-
ments, can be used to explore
causes and relations of changes and
enable the differentiation between
anthropoagenic and natural causes,

4. Supporting the prediction of
global climate change
Climate prediction requires to not
anly look at the development of the
factors referred to in Requirement 2
but also at the initial state of the
climate system. In addition, long
data series of the main climate vari-
ables help to assess and further
develop climate models.

5. Projecting global climate
change information down te
regional and national scales
The effects of climate change and
climate change adaptation require
action particularly at national
and regional level. This is why = = »



Climate Subcompo t Essential Climate Varlables
component

Atmosphere

Qceans

Land surface

Surface

Upper air

Compasition

Phiysics

Biogeochemistry

Biology/ecosystems
Hydralogy

Cryosphere

Biosphere

Human use of
natural resources

Air temperature, wind speed and
direction, water vapour, pressure,
precipitation, surface radiation budget

Temperature, wind speed and direction,
waler vapour, cloud properties, Earth
radiation budget, lightning

Carbon dioxide (CO5), methane ({CH)
other lang-lived greenhouse gases,
ozone, aerasol, precursors for aerosol
and ozone, pofien

Sea surface and subsurface temperature
and salinity, currents, surface currents,
sea level, sea state, sea ice, ocean
surface stress, ocean surface heat flux

Inorganic carbon, oxygen, nutrients,
transient tracers, nitrous oxide {N;0),
ocean calour

Plankton, marine habitat properties

River discharge, groundwater, lakes,
soll moisture

Snow, glaciers, ice sheets and ice
shelves, permafrost

Albeda, land cover, fraction of absorbed
photasynthetically active radiation, leaf
area index, above-ground biomass, soil
carban, fire, land surface temperature,

phenology

Water use, greenhouse gas fluxes

& Table I-1: Essentis! Climate Variables (ECVS) according to the GCOS Implementation Plan, including
the two variables Polfen and Prenofogy. additionaly observed in Germany (Source: DWD, modified from

Wik 2016}

aEm
additional, more detailed informa-
tion is needed at this level to com-
plement the variables mentioned for
Requirement 1 in order to develop
regional climate models and better
understand how the climate affects
natural systems.

6. Characterising extreme events
for the assessment of impacts,
risk and vulnerability
Climate observation data are meant
to enable characterisation of
extreme events, such as flooding,
heat and storms, in order ta run
corresponding impact analyses and
wark out guidelines and adaptation
strategies as well as action plans.

In order to satisfy these require-
ments, GCOS, in co-operation with the
IPCC and the World Climate Research
Programme (WCRP), has defined a
number of Essential Climate Variables
{ECVs, see Table 1-1).

Further to the scientific reguire-
ments, the selection has also taken
inte account the extent to which abser-
vation of these ECVs is possible to be
implemented at global scale for the
purposes of climate maonitoring. As a
result of new findings from research
activities, advancing measurement
technology and new user require-
ments, new variables can be included
if needed.

Along with the glabal ECVs, which
where first defined in 2003, ather climate
variables may need to be observed at a
national level that are not part of the
ECVs but have been recarded for a long
time on a systematic basis and have
been of significance for characterising

the climate and its variability at lacal
lewvels. In Germany, these include
paollen and phenalogical parameters.

To make sure that long time series
aof national in-situ observations take
account of large-scale changes anly,
if possible, and that these are compar-
able at international level, GCOS has
laid down ten basic principles for maoni-
toring the climate, known as the GCOS
Climate Manitoring Principles (see
Table 1-2; Karl et al. 1995, WMO
2003hb).

Germany has a long tradition of
climate observation, The foundations
date back to Alexander von Humbaoldt
{1769-185%) and to arcund 1780, when
the Societas Meteorologica Palatina,
also known as the Meteorological
Saciety of Mannheim, came into exist-
ence. Since then, German institutions
have contributed to systematic obser-
vation of the climate system at national
and international level.

Systematic observation activities
relevant to Germany currently com-
prise almast all ECVs (see Table 1-1).

The data are generally subject to
strict quality checks and are, for the
mast part, transmitted to international
data centres, some of which are oper-
ated by German institutions. From
there, they are available to international
research groups for integrated global
studies, notably on climate change,
and ko operational institutions. German
institutions thus help to improve inter-
naticnal collaboration and standardisa-
tion of measurement data.

In order ta co-ordinate national com-
mitments to GCOS and support the

organisation’s international activities, » » »




GCOS Climate Monitoring Principles

1. The impact of new systems or changes to existing systems should be
assessed prior to implementation.

2. Asuitable period of overlap for new and old observing systems is required.

3. The details and history of local conditions, instruments, eperating
procedures, data processing algorithms and other factors pertinent to
interpreting data (i.e. metadata) should be documented and treated
with the same care as the data themselves.

4, The quality and hamogeneity of data should be regularly assessed as a part
af routine operatians.

5. Consideration of the needs for environmental and climate-manitoring
products and assessments, such as IPCC assessments, should be integrated
inte national, regional and global observing priorities.

6. Operation of historically-uninterrupted stations and observing systems
should be maintained.

7. High priority for additional observations should be focused on data-poor
regions, poorly-observed parametars, regions sensitive to change, and key
measurements with inadequate temporal resolution.

8. Long-term requirements, including appropriate sampling frequencies,
should be specified ta network designers, aperators and instrument
engineers at the gutset of system design and implementation.

8. The conversion of research observing systems to long-term operations in a
carefully-planned manner should be promoted.

10, Data management systems that facilitate access, use and interpretation
of data and products should be included as essential elements of climate
manitoring systems.

& Table l-2: The ten Principies were considered at the Sth Conference of the Partles (COP 5) to the
United Natlons Framework Convention on Cimate Change (UWFOCC 2000) and adopted by tha 14th WMO
Congress in May 2003, [Soonce: DWD, modified from Kar e al 1995, UNTCCC 2000 and WHO 20033)

LR N

a national GCOS Secretariat for Ger-
many was established at the Deutscher
Wetterdienst (DWD) as early as in
auturmn 1992 immediately after estab-
lishment of the GCOS programme.
Shortly after that, the brochure »GCOS -
The German Views was published in
1443, giving a first overview of the Ger-
man contributions to GCOS. The first
German national inventory report for
GCOS was submitted in 2013 entitled
»German Climate Observing Systems.
Inventory report on the Global Climate
Observing System (GCOS)«. Since 1998,
regular national GCOS meetings have
taken place to enhance co-operation
between all institutions in Germany
that are responsible for making climate
observations and to co-ordinate Ger-
man cantributions te GCOS.

The purpose of this report
The collection of climate data regis-
tered over many decades represents a
veritable treasure trove of historical
data, with great scientific significance
for the respansible climate research
institutions and bodies at national and
international level. These data belong
ko our cultural assets which, if lost, can
naver be recovered again, Presarving
and continuing lang time series of
observations is a continuous challenge
for all those responsible for decision-
making. Particularly at risk are those
observation series the caollection of
which depends on temporally limited
research funds.

Another, different kind of risk
results from the fact that many data
still only exist in paper form or on old
data carriers and thus are not avail-

able for modern analysis. Without any
counter measures, there is the risk of
losing these historical data forever. In
addition, the maonitoring of climate-
related parameters in Germany is dis-
tributed among multiple research insti-
tutions and authaorities at federal and
regional levels, Therefore, the purpose
of this report is to provide an overall
overview of the current situation and
inform about the sustainability of these
abservations into the future.

Methodology of the report
Under the commitments of the UNFCCC,
the Federal Government regularly
draws up national inventory reports on
the activities undertaken by Germany
towards the implementation of the
Convention. The reports all contain a
chapter describing research and sys-
tematic observation measures in Ger-
many. The Third Report of the Federal
Government in accordance with the
Framework Convention of the United
Nations (Bundesregierung 2002} was
Germany's first national communica-
tion to give a more detailed presenta-
tion of the German contribution to sys-
tematic climate observation. The latest
(eighth) report was submitted in early
2023 (Bundesregierung 2023). The
national communications only give a
very broad overview of Germany's cli-
mate observation activities and follow
a skrick structure to enable comparison
at the international level, With a view
to providing the first ever comprehen-
sive and descriptive survey of climate
observation in Germany, it was agreed
at the &th national GCOS meeting held
in March 2011 to publish a special » s »
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brochure on climate observations in
Germany. The inventary report of the
Swiss government, entitied =MNational
Climate Observing System. Glabal Cli-
mate Observing System - GCOS Swit-
zerland« published in 2007 {Seiz and
Foppa 2007} stood model for this. The
Swiss repart was |ast updated in 2018
{see www.gcos.ch).

Structure of the report
Based on the 2016 GCOS Implemen-
tation Plan (WMO 2016), the Essen-
tial Climate Variables that are relevant
for Germany are described separately
but are embraced in the same sec-
tion if closely related. Chapters 2 to 4
deal with the atmospheric and oceanic
variables and terrestrial observations.
The description of each parameter, if
possible, is complemented by infor-
mation about the legal framework, cli-
mate signals, international context and
scientific significance as well as the
required resources. Chapter 5 pres-
ents the international data centres
in Germany, Chapter 6 follows with
descriptions of Germany’s observation
activities abroad or outside the Ger-
man kerritory and territorial waters.
Ocean observations that are carried
out in international waters are included
in the various articles of Chapter 3.
Chapter 7 closes the report by sum-
marising the major findings and con-
clusions; it also includes an gutiook an
the future of Germany’s national cli-
mate observing system GCOS-DE.
Several lists at the end of the report
provide an overview of the authars
who have contributed to the report, the
literature references, the picture

credits and all the abbreviations used
throughout the report. Where possible,
figures were reworked and translated
with a view to uniformity and accessi-
bility.

Results of COP 27 in Sharm
el-5heikh

GCOS' regular reports on the state of
climate observing systems as well as
its implementation plans for overcom-
ing shortcomings aim towards improv-
ing global climate observations, taking
into account user needs.

A new version of the GCOS Imple-
mentation Plan (WMO 2022} was pub-
lished in September 2022 after the edi-
torial deadline for the Chapters 2 to 6
and then presented to the 27th Confer-
ence of the Parties to the Framewark
Convention on Climate Change (COP 27).
This is why the newly adopted ECV
Terrestrial Water Storage Anomaly could
not yet be taken into account for this
report.

One outcorne of COP 27 is the deci-
sion of the Subsidiary Body of Scientific
and Technological Advice (SB5TA) to
encourage the Parties and relevant
organisations to work towards the imple-
mentation of the 2022 GCOS Implemen-
tation Plan (UNFCCC 2022b). In their
corresponding decision, among other
things, the Parties to the UNFCCC
emphasise the need to address gaps
in observing systems (UNFCCC 2022a).

1 Introduction
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Atmospheric observations




Atmospheric observations

Near surface




2.1 Temperature and
humidity

Temperature is one of the main indicators for describing the
climate and its variability. Therefore, observing and analysing
this parameter is of key importance at both the national and
global level. The existing data series provide clear proof of
progressing anthropogenic climate warming also in Germany.

2 Atmaspheric observations
Near surface

Time series of mean annual temperatures in Germany (1881-2021)

oy
o

-
o

Temperature anomaly in K

1690 1920 1950 1980 2010
——— Long-tarm mean [1961-1990): 8.2 *C
‘ Positve anomaly — — — Linear trend (1881-2021): 416 K
" Negative

A Figure 2.1-1: The time series shows a cloar temperature incresse, with a fargely linear development
espaciaity from 1970 anwands; this developmant i coasisiont with the global lemperature increase

(Esurge: WD)

Climate signals

The time series of area averages
derived from gridded fields allow
meteorologists to discern climatologic-
al trends regardless of any lack of
homegeneity that might exist in the
records of single stations. They reveal
a warming of about 1.6 K {linear trend)
for the period 1881 to 2021. Especially
in recent decades, there has been an
increase in the trend, with the 2011

to 2020 decade, for instance, being as
much as 2 °C warmer than the first

30 years of the evaluation period
{1881-1910).

The temperature increase in Ger-
many thus is consistent with the global
trend, however with a stronger warm-
ing compared to the global average.

Legal framework
The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the
respansibility for short- and long-term
observation and registration, monitor-
ing and evaluation of metearological
processes and of the structure and
composition of the atmosphere, as well
as for the operation of the reguired
measurement and abservation systems.
According to DWDG Section 6 and
to the Ordinance Setting the Terms of
Use for the Provision of Federal Spatial
Data (GeoNutzV), the measurement
series recorded at DWD stations are
made available as open data,

14



International context
The synoptic reports from 180 stations
sseminated worldwide on a
For a sefected number of

these stations, quality-checked manthly
climatological information is made avail-
able in the form of CLIMAT reports, The

years

D cdc.dwd.de/portal

2 Atmospheric observations - Near surface

2.1 Temperature and humidity

statians at Frankfurt, Hamburg, Hohen-
peissenberyg and Lindenberg are part
of the GCOS Surface Network (GSN).

Warldwide, there are several data
centres that collect international tem-
perature records and evaluate these
independently of each ather, The
independent evaluations uniformiy
confirm the global temperature rise in
recent decades. The evaluations enter
into the reports of international argan-
isations, especially into the annual
status reports of the World Meteoro-
logical Organization (WMO) and assess-
ment reports of the Intergovernmental
Panel on Climate Change (IPCC).

Required resources

Because of the legal mandate given to
the DWD, the operation of the existing
measuring stations can generally be
considered as secured. in order to meet
the requirements Lo save resources,
the DWD has optimised and automated
its measwring network. Selected climate
reference stations secure the continu-
ation of long time series and examine
the comparability of the measurement
technolagies.

Ongoing digitisation activities
{Kaspar et al. 2015) must be continued
with a view to opening the historical
data up for use and making additional
long time series available.

D opendata.dwd.de/climate_environment/CDC

13



2.2 Wind

Wind is an essential climate variable with high relevance for
different areas of application. It is particularly important in
the context of the use of renewable energies but also
because of the potential for damage during extreme storm
events,

2 Atmaspheric observations
Near surface

HMean annual geostrophic wind in the German Bight
14

13

-
L]

Wind speed In mys

10

1850 1960 1970 1980 1990 2000 010 020
= Geostophic wind (anneal mesn]l  — Unear trend

A Figure 2.2-1: Mean annual geostrophic wing, catcwlated from surface pressurne data of Hamburg, Emaen
amd List stations. The graphic shows the period from 1950 fo 2020 The énear trend s shown as red ling.
(Source: DWO)

Climate signals
There are no clear trends to be seen
from the station time series for wind

of weaker and stronger wind speed
periods. For the area of the German

speed. Longer time series derived

from air pressure measurements (geo-

strophic wind) equally show no sig-
nificant trends. But it appears that
GErmany experences a succession

Bight, there is evidence of a phase

of low wind speed in the 1960s and
1970s while the 1980s and 1990s saw
a slight increase in wind speed.

16



Legal framework

The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the
responsibility for short- and long-term
observation and registration, monitor-
ing and evaluation of metearological
processes and of the strecture and
compasition of the atmosphere, as well
as for the operation of the required
measurement and observation systems.

N h a

emometers to ultra-

2 Wi

the coverage of w

D opendata.dwd.de/climate_environment/CDC QD cdc.dwd.de/portal

2 Atmospheric observations - Near surface

2.2 Wind

According to DWDG Section 6 and
to the Ordinance Setting the Terms of
Use for the Provision of Federal Spatial
Data (GeoNutzV), the measurement
series recorded at DWD stations are
made available as open data.

International context

The synoptic reports {including wind
measurements) from 180 stations are
distributed worldwide on a routine
basis. For a selected number of these
statians, quality-checked monthly cli-
matolagical information is made avail-
able in the form of CLIMAT reports. The
statians at Frankfurt, Hamburg, Hohen-
peissenberg and Lindenberg are part
af the GCOS Surface Network (GSN).

Required resources

The operation of the existing measuring
stations can generally be considered
as secured,

0D dwd.de



2 Atmaspheric observations
Near surface

HMean annual anomaly in air pressure at Frankiurt am Main (1950-2020)

2.3 Air pressure

; . T i a-
Air pressure is one of the main indicators for describing the
climate as its spatial distribution determines the general
circulation of the atmosphere. It is the variable which 29
characterises the high and low pressure areas that influence £

= -
the weather. E i

é o

<
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T T
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E- — Lang-term mean (1961-1990): 1,002.7 hPa
[} ,EE Positive gnomaly = — — Linear trend (1950- 2020); +1.4 hPa
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A Figure 2.3.0: The graphic shows both the regative (dark greea) and posilive Might gresn) air prodsurs
anomaiies compared to the iong-term mean for 1061 -19%0, (Sowrce: DWO)

Climate signals

Climate monitoring activities do not frequency and intensity of large-scale
include the systematic, area-covering weather patterns (known as »GroB-
analysis of the trends in German air wetterlagen«). For example, periods of
pressure data. During the past three dry weather are usually associated with
decades, relatively high air pressure high pressure systems, rainy periods
values hawve been recorded (for with low pressure activity, A trend in
example at Frankfurt station, see the climate variable air pressure can
Figure 2.3-1). therefore justify changes in other cli-

Air pressure changes are often mate variables, but it does not explain
manifested through changes in the the causes.
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Legal framework

The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the
responsibility for short- and long-term
observation and registration, monitor-
ing and evaluation of meteorological
processes and of the structure and
composition of the atmosphere, as well
as for the eperation of the required
measurement and observation systems.

International context

The synoptic reports from 180 stations
are disseminated worldwide on a rou-
tine basis. For a selected number of
these stations, monthly climatological
infarmation is made available in the
form of CLIMAT reports. The stations at
Frankfurt, Hamburg, Hohenpeissen-
berg and Lindenberg are part of the
GCOS Surface Network {GSM). A collec-
tion of international air pressure obser-
vations is available from the inter-
national Surface Pressure Databank, of
which updated versions are published
at irragular intervals.

D opendata.dwd.de/climate_environment/CDC QD cdc.dwd.de/portal

2 Atmospheric observations - Near surface

2.3 Air pressure

Required resources

Because of the legal mandate given to
the DWD, the operation of the existing
measuring stations can generally be
considered as secured. Persistent data
digitisation activities are reguired in
arder to make further long-term data
series available as a basis for scientific
studies and for lang-term model-based
reanalysis.
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2.4 Precipitation

Alongside temperature, precipitation is one of the k
indicators for describing the climate and its variability. It is
also an important parameter for both water cycle and water
budget, with an accordingly high relevance for agriculture

\agement. The Deutscher Wetterdienst (DWD),
to its climate data archive, can provide reliable

and water m

analyses of the spatio-temporal behaviour of precipitation
back to the year 1881 also in the context of anthropogenic
climate change. For the maost recent time, precipitation data
collected by rem ensing add to the ever-growing number
of in-situ measurements of high temporal resolution.

2 Atmospheric observations
Near surface

Average annual precipitation in Germany (1881-2021)
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& Figure 2 4-1: Average annual precipitalion based o an ensembie of about 400 German precipitalion

Stations (Souwrce: DWW

Climate signals

The grid-based reanalysis of in-situ
pracipitation measurements allows
discerning climatological trends since
1881 irrespective of any inconsistency
that might exist in the time series of
single stations (see Figure 2.4-1). The
average annual precipitation in Ger-
many shows an increase of close ta 8%
over the last 140 years. The increase is
maore pronounced in the western and
narth-western, maritime influenced
parts of Germany than in the eastern
and southern, continental influenced
parts. The increase is concentrated
seasonally, with 26 % registered in
winter and still positive values of 7%

and 5% in spring and autumn. The
figures for summer, however, show a
decrease of 4%. The trend has slowed
down over the |ast decade due to
repeated deficiencies in precipitation,
especially in spring, but also in summer
and autumn, In combination with the
continuing rise in temperatures, there
is an increasing tendency towards
drought conditions in the warm season
from April through to autumn. Evidence
is accumulating for an eariier start and
a later end ta the season with con-
vective precipitation. At the same time,
there are more pronounced heavy
rainfall events.
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Legal framework

and compas f the atmaos

ell as for the operation of the
required measurement and observa-
tion systems.

human r
are requi
to a netw

International context

Besides other data centres, all data
registered at the precipitation stations
are forwarded to the Global Precipita-
tion Climatology Centre {GPCCH, which
is hosted by the DWD (see ltem 5.1).
Mareover, precipitation is one of the
Essential Climate Variables (ECVs) for
which the DWD operates a Regional
Climate Centre on Climate Monitaring

another ten

of operation nor does t

2 Atmospheric observations - Near surface

2.4 Precipitation

(RCC-CM) for WMO Regional Assaci-
ation VI (RA VI Europe), The DWD is
actively invalved in international organ-
isations, bodies and warking groups
{such as the WMO, the Copernicus ser-
vices (35, CAMS, CEMS, and GEO),
which reflects its significant status in
the fields of Eurapean and global cli-
mate monitoring.

Required resources

The operation of the existing measur-
ing stations can be considered as
largely secured. Howewer, the level of
automation must be driven further. In
this context, the personnel-intensive
aperations were gradually reduced and
ultimately discontinued even at air-
portsfaeredromes and climate refer-
ence stations. Precipitation monitoring
in the era of climate change needs to
work at high levels of availability and
resolution and comprise Germany and
its adjoining relevant river catchments.
It requires at the same time the sus-
tained aperation of reference stations
with essential (in other words long-
term} measurement series, Persistent
data digitisation activities are required
in order to make further long-term
data series available for scientific
studies. Apart from this, two decades
of precipitation data have so far been
processed in the weather radar net-
work of the DWD.

21



Significance of long data series
5 atic, st -based recarding of

Data rescue projects of the DW
Since early 2005, the DWD has

n the tence of a multi
regional networks. The

2 Atmospheric observations - Near surface

2.4 Precipitation

Temporal coverage of precipitation data at monthly, daily and minute scale

5,000
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4,000
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& Figure 2.4-4; Evolution of the availability of precipitation data from German stations from 1860 up fo the
end of 2019: monathly dais (green), dady dats (Blue) and F.minute values (parplel [Source: BWD)

stations for which, in addition to monthly
totals, there are also daily precipitation
data available for digitisation. Digitisa-
tion of the paper documents from as
many as 165,000 precipitation station-
years plus 23,000 station-years fram
DWD climate stations would require a
work force of around 790 person-years.
Between now and 2025, the DWD plans
to digitise, and thus rescue, about 25%
of these documents, with a major focus
on the longest and most complete series.
Within the framework of the analysis
of short-duration heavy precipitation
events, the DWD, since 2018 supported
by the MUNSTAR project (investigation of
methads for revising and updating heavy
rainfall statistics in Germany), has scanned
and digitally analysed the pluviograph
records of around 250 stations and, on
this basis, produced 5-minute values,

The data series are of different lengths,
mostly starting around the middle of the
20th century. Howevwer, the oldest strip
charts found so far go back to 1903, To
date, around 130 of the 250 station data
series could thus be extended until 2020.

Further worldwide historical precipi-
tation records from maore than 2,200
overseas stations have been made avail-
able by the Hamburg-based Deutsche
Seewarte (German Maritime Observa-
tory). The majority of these data (mostly
12-hourly, taken twice per day) date from
the periods 1830-1918 and 1930-1943.
The stations are spread acroess all contin-
ents, mainly in the former German col-
onies and protectorates in Africa, China
and the tropical Pacific {Bismarck Sea)
and the southern Pacific. So far, 761 sta-
tions hawve been digitised, which makes
up 34 % of the archive (June 2021).
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New requirements due to
anthropogenic climate change

Radar-based quantitative
precipitation monitoring

in enhancing the
he impact of ¢

Doppler rada
in=situ m
< of automat

ellite- and radar-based
ks for
logical applications,
the radar measurements

cilometre scales, thus enabling high-

& Figuns 2.4-6: Lacations of dulomatic ambromelsss
of the DWD (vicle! dais) and those aperated by
partness (yelow dods) as of May 2021 (Source: DWDI

operated by the DWD and the German
federal states (see Figure 2_4-6). In stan-
dard mode, the sprecipitation scan« pro-
vides precipitation data in 5-minute
intervals, covering a radius of 150 km
maximum arcund the radar site. The
hourly in-situ precipitation totals of more
than 1,000 automated DWD rain gauges
and more than 500 auxiliary stations
operated by the federal states are utilised
for rain gauge adjustment of the radar
data. The RADOLAN system has been in
operation since 2005 and has since been
enhanced several times, With the

2 Atmospheric observations - Near surface

2.4 Precipitation

required input data being available since
January 2001 already, the DWD performed
a quantitative precipitation reanalysis at
high spatial and temporal resolution for
the entire periad from 1 January 2001
until the present day. This has |aid the
foundation for a continuously updated,
radar-based precipitation climatology
and a catalogue of precipitation events
in Germany since 2001.

Measurements taken at

GO dwd.de




2.5 Radiation

The radiation balance at the Earth's surface is a key factor in
the energy budget of the Earth-atmosphere system. Spatial
and temporal differences in the radiation balance generate
the weather and climate. Its most important and most
commonly measured component is global radiation, which
represents the amount of energy potentially received at the
Earth's surface from the sun. The amount of available
energy is modified by the solar radiation reflected back and
by the long-wave radiation emitted from the Earth’s surface
and the atmosphere. Long-wave radiation is directly related
to the greenhouse effect and thus constitutes an important
variable for its monitoring.

2 Atmaspheric observations
Near surface

Annual giobal radiation and 11-year moving averages

935 1950 1965
—— HH{ —a— gl HH

1980 1995 010
PO —a— gl PO —a— W2 —a— gIWZ

& Figure 2.5-1: Arnual global radistion and 11-year moving averages (gh for Hamburg (HH: 1049-2020,
Potsdarm (PO: 1937-2020) and Warsburg (WZ: 1957 - 20208 (Source: DVD)

Climate signals

Only continuwous and accurate lang-
term observations of the radiative
fluxes and ancillary atmospheric vari-
ables allow conclusions to be drawn
about natural atmospheric variations
and hence climate change. Measure-
ment series of global radiation spanning
50 or more years are available from
nine stations in Germany. Regional
differences are clearly visible as well as
a general decrease at all skations from
the 1950s onwards. This phenomenon,
resulting from the anthropogenic
increase in atmospheric turbidity, has
been abserved in many regions of the

A Pheta 2.5.1: Pyranameder for measuring
glabal radiation &t MOLRAD

world and is therefore referred to as
w»global dimming«. From the mid-1980s
anwards, the aerosol load began to
decrease again as a result of clean air
measures, starting a recovery of global
radiation known as »global brighten-
inge, which still continues today. In fact,
the highest values of global radiation
have been recorded in recent years.
However, the higher levels in global
radiation can hardly be explained by a
further decline in aerosol load as it has
remained low for twenty years now.
The reasaon rather s that there have
been changes in the cloudiness. s ®

24



Measurements in Germany
Continu 0 ensive observa-

good, high-gu
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2 Atmospheric observations - Near surface
2.5 Radiation

A Prote 2.5-2: Precision measuramant divices for
incaming radiation af Lindenbesy BSAK stalion

Manitoring these develapments will be
of crucial importance in the coming
years as climate models may under-
estimate cloudiness and its possible
changes.

Legal framework

The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the
respansibility for short- and long-term
observation and registration, monitor-
ing and evaluation of meteorological
processes and of the structure and
composition of the atmosphere, as well
as for the aperation of the required
measurement and abservation systems.
In this context, it is worth noting that
complex climatological analysis is par-
ticularly reliant an long time series of
relevant meteorological parameters
measured at the climate reference
statians.
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International context

shed in the frame of the Warld

Monitoring
the AWI in Br
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2 Atmospheric observations - Near surface

2.5 Radiation

Annual means of incoming long-wawe radiation (1996-2020)

1930 1985 2000 2005
—#— Mgan

2010 2015 2020 2025

—g— Trend

A Figure 2.5-3: Annual means of incoming long-wave back radiation (blue) with fnear frend foranpel at
Lindenberg BSAN station. Since measwements bagan, long-wave radiation ias increased by nearly
20 Wim? du for Ehe Aise in teviperature, humidity levels and greenhouse gas concentrations. {Souwee; DWD)

Required resources
Both surface-based and satelliite-derived
radiation data are of vital importance
for quantifying even the smallest
changes in the radiation fluxes and for
drawing conclusions about the causes
of climate change for informed palitical
decision-making. The prerequisite for
this are accurate observations with low
measurements uncertainties, which
allow detection of mostly small natural
variabilities,

This calls imperatively for continued
operation of ground-based reference
stations that already hold long time

series of complex data sets, including
radiation measurements. In future,
their tasks should be extended to
include the collection of spectral radi-
ation data.

In addition, it is important ta
redress the current shortfall in profes-
sional capacity for analysis of satellite
data and surface observations as well
as combined data sets. Part of this
problem is the inadeguate basic fund-
ing for universities, which undermines
their capacity for sustainable research.

GO dwd.de



2 Atmospheric observations

Near surface

Annual mean sunshine duration in Germany {1951-2020)
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A Figure 2.6-1: Annual mean sunshine divration (n Germany for the penod 1951 -2020 (Source: DWD)

Climate signals

The measuremeants fraom the dense largely irrespective aof any inhomogen-
netwark of measuring stations were eity that might exist in the time series
interpolated on a regular grid, allowing  of single stations. The results show

for the computation of area average considerable annual fluctuations and
series from 1951 onward. Based on an increase in the annual sunshine dur-
these time series, it is possible to ation of 134 hours over the period from

identify climatological trends, and this 1951 to 2020 (linear trend).
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2 Atmospheric observations - Near surface
2.6 Sunshine duration

DUETT - Combination of in-situ and satellite-based measurament data

A Figure 2.6-3: Schematic representation of the combination of ir-siu measurements with satelite-
Daged data under the DWO project DUCTT (Source: OWDD

Legal framework

The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the
respansibility for shart- and long-tarm
observation and registration, monitor-
ing and evaluation of meteorological
processes and of the structure and
composition of the atmosphere, as well
as faor the operation of the required
measurement and observation systems.
According to DWDG Section 6 and to
the Ordinance Setting the Terms of Use
for the Provision of Federal Spatial
Data {GeoMutzV), the sunshine series
recarded at DWD stations are made
available as open data.

International context

The synoptic reports {including sun-
shine data) from 180 stations are dis-
tributed worldwide on a routine basis.
For a selected number of these sta-
tions, monthly climatological informa-
tion is made available in the form of
CLIMAT reparts. The stations at Frank-
furt, Hamburg, Hohenpeissenberg and
Lindenberg are part of the GCOS Sur-
face Netwark (GSN).

Required resources

The operation of the measuring net-
work of the DWD can generally be con-
sidered as secured.
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2 Atmaspheric observations
Free atmosphere

Alr temperature difference at 850 hPa relative to the long-term mean {1961-1990)
i}

2.7 Temperature, wind
and water vapour in the =

e

]

g
atmosphere e

£

(=]
=5

The layer of the atmosphere relevant for weather and climate

extends to an altitude of over 30 km. Throughout this range, 10

temperature, wind, water vapour and pressure vary greatly
and may be subject to abrupt changes over the time.
Vertically resolved measurements of these parameters over
this altitude range are essential not only for short-term
weather forecasting but also for observing the long-term

development of the climate.
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“tear

& Figure 2.7-1: Time sevics of he air tempevature difference at 550 RPa rofadive ba the dong-form mean for
1961 - 1990 (red: monthly valies, yallow: 12-month rsunning mean, blee: linear irend} (Source: DWE)

Climate signals

Temperature trends in the troposphere
and in particular in the stratosphere
are of great importance for the long-
term understanding of atmospheric
processes. Figure 2.7.1 shows the time
series for temperature at 850 hPa
{including the data from kite ascents at
the beginning of the 20th century)
recorded at the DWD's meteorofogical
observatory in Lindenberg. Data for
the lower stratosphere (at 100 hPa)
rely an balloon soundings only and
reveal a significant cooling of 0.5 K per
decade (not shown in the graphic) as
opposed to the clearly increasing trend
in the troposphere, where the mean
temperature trend shows a warming of
raughly 0.1 K per decade. The yellow

4 Photo 2.7-1: Preparations for a radiosonde
Tawmeh at the MOLAAD

curve depicts the 12-month running
mean temperature difference.

Historical trends in tropospheric
water vapour are impacted by large
uncertainties and anly limited state-
ments about temporal variations can
be derived. Better estimates of changes
in tropospheric water vapour are
expected from the implementation of
GUAN and in particular of GRUAN as
well as from engoing improvements in
measurement technology, Long-term
trends in stratospheric water vapour
aver several decades have been meas-
ured at anly ane station in the world.
Special measurements, which began at
several GRUAN stations mare than ten
years ago, form another anchor for
estimations of trends in stratospheric
water vapour.
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2 Atmospheric observations - Free atmosphere
2.7 Temperature, wind and water vapour

Legal framework
The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the

vation and registration, mani-
toring and evaluation of meteoro-
loglcal proces
and compaosition of the at A
as well as for the operation of the
required measurement and observa-
tion systems. Within this context
DWD supports nume mMeasure-
ment programmes for long-term cli-
mate chservations, defines climate
reference stations and assures the
continuity of long-term data series.

Measurements in Germany

International context

The scientific investigations of tem-
perature and water vapour at MOL-RAQ
are conducted in close co-operation
with the international scientific com-
munity. The DWD's observatory plays a
leading role in observation techniques,
bath internationally and in projects
conducted in co-operation with other
GRUAN and GUAN stations. Data are
shared through a number of different
data centres and are processed and
analysed in close scientific partnerships.
These observations are the basis of
recommendations ta dedision-makers
in policy and administration at national
and international level.

Required resources

Long-term climate observations are
currently threatened by austerity meas-
ures. The value of climate time series is
strongly susceptible to interruption for
which reason financial continuity of the
observation programmes is required.
Reduced funding particularly impacts
observations of the free atmosphere
through in-situ soundings, which so far
are the anly technology for climate ref-
erence data. These gbservations must
be continued without interruption and
with sufficient overlap when system
changes oaccur, requiring continuous
resgurce allocations.

0D dwd.de
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2.8 Clouds

Clouds are essential for the energy and water balance of the
atmosphere and therefore have a significant impact on
weather and climate. Classical visual observations of clouds
have been carried out at many locations for more than

5. However, neither did they allow for
the detection of small-scale spatial structures nor was it

sible to infer the microphysical properties of clouds. For

this reason, satellite-based measurements as well as ground-
based remote sensing systems have gained increasing
importance in the field of cloud observation and have now
replaced visual cbservations almost completely.

2 Atmaspheric observations
Free atmosphere

HMean monthly high and low cloud cover
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4 Figure 2.8.1; Data saries derfved from the measurements made with the 35 GHz radar a¢ Lindenberg
compared bo the visral observations (Symoph and simelations of the DWD's meather forpcasting modols
COSMO-EL, COSMO-DE, GME, ICON and }OON-EU for high clout cover (clowd base > £ km) {upper diagram)
and low clowd cover (< 2 km) flawer aiagram) (Saurce: DW D)

Legal framework

Section 4 of the Deutscher Wetterdienst
Act (DWDG) gives the German Meteoro-
logical Service (Deutscher Wetterdienst,
DWD) responsibility for ensuring

m the short- and long-term observation

Climate signals
Only continuous manitoring over

extended periods of time allows con-
clusions on climate change. Since
these changes can be very small, the
hamegenisation of time series is very
impaortant, whereby changes in the
methaods of observation and measure-
ment instruments must be considered.
Consistent data sets can be
obtained by running long-term com-
parisons between visual observations
of cloud parameters and the parameter
data derived from ceilometer measure-
ments. Homogenisation of the data
products that are derived from satel-

and registration, monitoring and
evaluation of meteorological pro-
cesses and of the structure and com-
position of the atmosphere

the operation of the measuring and
observation systems necessary for
the performance of the above listed
duties

the availability, archiving, documen-
tation and release of meteoralogical
and climatological spatial data and
sarvices.

To perfarm its duties, the DWD shall

lite-based measurements takes place undertake scientific research in the fields
by their reprocessing at the Satellite af meteorology, climatology and related
Application Facility on Climate Manitor- sciences and participate in the develop-
ing (CM SAF) of EUMETSAT. ment of corresponding standards.
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International context
Germany makes the largest contribu-
tian ta the entire range of European
satellite programmes of ESA, EUMET-
SAT and other EU-relevant climate
manitoring activities. The analysis of
satellite data for the purposes of cli-
mate manitoring is done at EUMETSAT
through the CM SAF. The World Data
Center for Remote Sensing of the
Atmosphere (WDC-R5AT) is located at
the German Aerospace Center (DLR),

2 Atmospheric observations - Free atmosphere

2.8 Clouds

from where the data are available to
the scientific community.

To establish new satellite-borne and
ground-based observation methods
with active instruments {radar and lidar),
Germany participates in numerous
European research programmes, such
as ACTRIS and EarthCARE. In addition,
Germany is represented on numerous
bodies and commissions of the World
Meteorological Organization (WMO).

Required resources
Ground- as well as satellite-based
measurement methads not only fill the
gap in data coverage caused by ter-
minating visual observation, they alse
deliver data on macro- and micro-
physical cloud properties, which vis-
ual observations would never be able
to provide. In addition to investments
in new systems, additional human
resources are required for adequate
maintenance of the systems as well

as for development of appropriate
retrieval methods, quality assurance
aver long time periods and the analysis
and hamegenisation of data.

0D dwd.de GO cmsaf.eu




2.9 Lightning observations

Lightning is a strong electrical discharge between clouds or

as it can cause fires or damage te electrical infrastructure
and equipment, for example, and also endanger human life.
Lightning data are therefore not only used by meteorological
services but also by aviation services, energy suppliers,
insurance companies and industry. Lightning observatic
provide an additional information basis for the scientific s

of convective systems, strong storms and similar meteor
logical events. However, due to the high temperatures,
lightning also produces relevant amounts of ozone and
nitrogen oxides. The occcurrence of lightning can be measured

spatially assigned on the basis of the electrical discharge
in the atmosphere.

2 Atmaspheric observations
Free atmosphere

Humber of lightning flashes (cloud-ground and cloud-cloud) per year in Germany since 2006
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Climate signals

Position detection of lightning using
current recording systems makes it
possible to compile climatological infar-
mation, for example about the geo-
graphical distribution of lightning or
about typical annual and diurnal pat-
terns (Wapler 2013}, The time series
taken from these lightning detection
systems still tend to be too short to be
used for any reliable statements about
climate trends. As a result of changes
in the detection of lightning, it has to
be assumed that there are inhomao-
geneities in the time series. Recording

A Phetey 2,91 Thunderstorm over Frankfurt am Main

global lightning is important for our
understanding of climate change and
its impact. Global lightning detection
networks discover thunderstorms out-
side the range of radar systems or
satellites. Still, there are unanswerad
questions about global climate change
and its connection with global lightning
or thunderstorm activity. Does global
warming lead to increased lightning
activity? Could the relationships
between lightning and precipitation be
used to improwve our understanding of
the relationship between global s s m
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2.9 Lightning observations
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Lightning incidents on 2 August 2020, between 1445 and 1500 UTC, GLD3ED

Electrical currert In kiloampere (kA

D community.wmao.int/activity-areas/imop/wmo-no_8

2 Atmospheric observations - Free atmosphere

International context
The extent of international observa-
tions depends on the commitment of
private sector network operators. Data
users obtain data directly from these
operators. For these data, there is no
systematic exchange between govern-
mental organisations in place as is the
case with other parameters. Apart from
its Europe-wide netwark, nowcast GmbH
operates other local lightning detection
networks of high location accuracy in
other countries of the world, covering
all of the USA and Australia as well as
parts of Asia, South America and Africa.
The EUropean Cooperation for
Lightning Detection (EUCLID) provides
an additional framewark for co-operation
in Europe. Operators of lightning detec-
tion systems are also active in other
European countries. Siemens’ BLIDS,
for example, uses over 155 connected
maonitoring stations and detects light-
ning all over Europe, including the
Canary |slands and Madeira. The Eurg-
pean states of the former Soviet Repub-
lics are not covered. The system uses
the measurement networks of various
national meteorolagical services and
privake operators, whose measurement
antennae are connected to EUCLID's
central computers.

0D blids.de

2.9 Lightning observations

Required resources

The lightning detection systems in
Germany are operated by private com-
panies and the data are licensed for
use, in Germany for example by the
DWD for official tasks. In many Euro-
pean countries, the systems are oper-
ated by the meteorological services
themselves. As with other weather
measurements, the data collected are
made available to the general public
free of charge.

D nowcast.de @D euclid.org
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2.10 Carbon dioxide

Greenhouse gases that are released from the burning of
fossil fuels by humans are the main cause of global warming.
Due to its high atmospheric concentrations, carbon dicxide
(CO3) is the most important among the controllable climate
gases, Since the start of industrialisation around 1750, global
concentrations of atmospheric COs have risen by 47 %. In
contrast, CO; concentrations were nearly constant over the
previous 10,000 years. The current rate of increase in
atmospheric CO; is about 100 times faster than at any time
in the past.

2 Atmaspheric observations
Atmospheric composition

Carbon dioxide concentrations in the atmosphere (menthly means)

‘Carban dioxide in ppm
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Climate signals

Long €O, time series provide a reliable
measure of the global increase in €O,
and constitute a continuous record of
the effect of fossil fuel burning an the
atmosphera. Because of the high level
of accuracy of the data, scientists are
able to distinguish the effect of fossil
fuel burning from the annual fuctu-
ation of COy in the biosphere. This pro-
vides a reliable basis for climate madels
to be used for analysing long-term

changes in the atmospheric burden

of CO» and calculating future scenarios.
Whereas in the 1950s the mean annual
increase in atmospheric CO, was still
anly 0.55 ppm, differences in mean
annual values over the past decade
point to an increase of about 2.2 ppm
per year. This means that global CO5
production has increased maore than
threefold compared to the 1950s.
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2 Atmospheric observations - Atmospheric composition

2.10 Carbon dioxide

Legal framework International context

spatial representativeness of the & Prioda 2,.10-2; MEASUring MSErUm et at
The measured data are trans- Schnesfernerays station
/DCGE on a regular
The measurement: - Required resources
dard referenc C0; measurements at the three GAW
es of the National stations in Germany are cowvered by
her i - long-term funding from the UBA. The
measuring sites are understaffed. At
present, the cost of TCCON measure-
ments is only partly financed by institu-
tional funding and the activities are
dependent on additional finance from
third-party funded projects. Long-term
funding is urgently required in order to
ensure the continuity of operations.

O dwd.de/gaw



2 Atmospheric observations

Atmospheric composition

Methane concentrations in the atmosphere (monthly means)

1590
1970
1950
1930
1910
1890

< 180

E 1,850
L830

1,810

1,780

1770

1750

1,730 |

PELPLP PP LIPS PPEP

" Zugspitze (monthly mean}

= Schaulnsland {monthly mean)

A Figure 2.11-1: Time series of CH, measurements a¢ the Schavinsfand (green) and Zugspitze {yveliow)
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recorded at Schauvinstand station, where CHy concentrations are genarafly higher due to the station's

fow aititude. (Sowrce: UBA)

Climate signals

Long high-precision time series provide
a reliable picture of CHy concentrations,
which are the overall result of inter-
actions between all sources and sinks.
Although the sources of CH, are known,
their trends and their interaction with
sinks cannot yet be fully explained.
Even though the overall trend of CHy
levels continues to show an upward
trend, the rate of increase in CHy con-

centrations has steadily declined in

the last two and a half decades. The
reasons for this, as well as the conse-
quences for future atmaospheric global
warming, are not yet sufficiently under-
stood. Long and reliable time series
are fundamental to improve our under-
standing of the interaction between
sources and sinks.
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Measurements in Germany and
abroad

2 Atmospheric observations - Atmospheric composition

2.11 Methane

Legal framework

Respaonsibility for measuring methane
for the World Meteorological Organiza-
tion's (WMQ) Global Atmosphere Watch
(GAW) programme, which is the com-
ponent of the GCOS network that moni-
tors essential climate variables, lies
with the Federal Environment Agency
(Uga). Amendments ta the monitoring
system for greenhouse gas emissions
in place since 2005 were brought in by
Regulation (EU} Mo. 525/2013.
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2 Atmospheric observations - Atmospheric composition

International context

The GAW global station Zugspitze/
Hohenpeissenberg, tagether with the
GAW regional stations Schauinsland
and Neuglobsow, forms the core of the
German contribution to methane data
for GCOS. in the framework of the
»D-A-CHe co-operation between Ger-
many, Austria and Switzerland, the
time series recorded at the mountain
stations Zugspitze, Hohenpeissenberg,
Hoher Sonnblick and Jungfraujoch are
analysed together to enhance the reli-
ability and spatial representativeness
of the results. Data measurements are
transmitted to the WDCGG on a regular
basis. The measurements are based on
the GAW's standard reference scale
provided by the agencies of the National
Qceanic and Atmospheric Administra-
tion (NOAA) in Boulder, Colorada, USA,
for CHy measurements. Quality assur-
ance is also reviewed regularly by round-
robin tests carried out in the frame-
work of the CarboEurope project and
the GAW programme of WMO. The total
column measurements contribute to
the international activities co-ordinated
by TCCON and NDACC.

2.11 Methane

Required resources

Methane measurements at the three
GAW stations in Germany are covered
by long-term funding from the UBA.
The measuring sites are understaffed.
At present, the cost of TCCON meas-
uremnents is only partly financed by
institutional funding and the activities
are dependent on additional finance
from third-party funded projects. Long-
term funding is urgently required in
arder to ensure the continuity of oper-
ations.

D dwd.de/gaw
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Nitrous cxide concentrations in the atmosphera (monthly means)
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& Figure 2 12.0: Time serias of NG concantrations at GAW ragional station Schauinsiand (yeuss) and
Zugspitse platform (Bie) compared to the glabal rend (red) according te WM (Source: UBA, WDCGG

anmd WM

Climate signals

Nitrous oxide makes the third-largest
contribution to global warming fram
long-lived greenhouse gases. Com-
pared to pre-industrial times (1750},
the atmospheric abundance of N,O has
bean increasing by just 20 %. At a time
harizon of 100 years, hawever, N0 has
a global warming potential 300 times
as large as that of CO,. About 40% of
the amounts of N;O emitted into the
atmosphere result from human activ-
ity. The remainder comes from natural
souUrces. Atmaspheric N0 concentra-

tizns show a slight north-south gradi-
ent, largely explained by the larger
propartion of land area in the northern
hemisphere and the use of artificial
fertilisers in the mid-latitudes. Long
high-precision series from both the
northern and southern hemispheres
are a key requirement for improved
understanding of sources and forecast-
ing of future trends. To do so, in-situ
data of a very high degree of accuracy
are required.
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abroad
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2 Atmospheric observations - Atmospheric composition

2.12 Other greenhouse gases

Legal framework
As part of its official participation in the
Warld Meteorolegical Organization's
(WMD) Global Atmosphere Watch (GAW),
which is the component of GCOS that
monitors essential climate variables
related to atmospheric compaosition,
Germany carries out measurements of
N30, 5F; and H; as well as climate-rele-
vant halogenated compounds. With
the signing of the Kyata Protocol by the
European Union, obligations to limit
and reduce emissions have entered
into force. To this aim, the manitaring
system for greenhouse gas emissions
in place since 2005 was amended by
Regulation (EU} No. 525/2013. Import-
ant objectives are to improve the moni-
toring and verification of emissions by
sources and their removal by sinks.
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2 Atmospheric observations - Atmospheric compaosition

2.12 Other greenhouse gases

& Photo 2.12.2: Measwring (nstrumants an the terrace of the Bfth floor of the Zugspitze measuning site

Required resources
Al present, the costs of TCCON and urgently required in order to ensure
NDACC measurements are anly partly the continuity of operations. Until now,
cavered by institutional funding, which  there are no cantinuous data series in
makes these activities dependent on Germany on halogenated greenhouse
additional finance from third-party gases in the ambient air {in situ).
funded projects. Long-term funding is

D dwd.de/gaw



2.13 Anthropogenic
greenhouse gas fluxes

The anthroposphere, i.e. the habitat created or influenced by
humans, releases, among others, the greenhouse gases
carbon dioxide (CO;), methane (CH,), nitrous oxide (N,0) and
fluorinated gases. Both inputs into the atmosphere from
various sources (e.g. the use of fossil fuels) as well as
removals out of the atmosphere by sinks (e.g. vegetation)
are called greenhouse gas fluxes.

Trends

In order to stabilise greenhouse gas
concentrations, the amount of
emissions fram the sources must cor-
respond to the amounts removed by
the sinks - which is referred to as =net
zero». In many regions of the world,
hawever, net greenhouse gas fluxes
are far above zero, sometimes even
increasing due to expanding anthropo-
genic activities.

In the case of the maost significant
greenhouse gas CO,, the trend is
driven by global increase in the use of
fossil fuels, with the exception of a
temporary decrease of appraximately
7% due to the COVID-19 crisis. A sys-
tematic downwards trend in anthro-
pagenic CO, emissions over the last
decades can only be seen on the Euro-
pean continent (Friedlingstein et al.
2021).

Global CH, emissions have
increased by almost 10% in the last
20 years for two main reasons: the
increasing release of natural gas dur-
ing the production and transport of oil,
gas and coal, and the growing global
meat production (Schiermeier 2020).
In Europe, decreases in methane
emissions have been achieved by
reducing livestock farming, closing
hard coal mines and implementing
waste management measures.

Nz0 emissions have increased over
the last decades due to higher use of
fertilisers (Copernicus 2019).

o Figure 2.13-1: A muftitude of ingividual sources
caniribule fo anthropogensic presakouse gas
prissions, (Sourcer DWO)

2 Atmaspheric observations
Atmospheric composition

Agricultural CHy emissions per rural district
{2018)

A Figure 2 13-2 Germany's CHy emissions mainly
stem from agricultve. (Source: U8A)

In Germany, the Federal Environ-
ment Agency (UBA) records green-
house gas emissions for each sector
and reports their trends in the
=»Mational Inventory Reparts« in line
with the guidelines of the Intergov-
ernmental Panel on Climate Change
{IPCC). Ideally, these data, which are
mainly derived from statistics (see e.g.
Figure 2.13-2), can be supplemented
by the observation-based GCOS Essen-
tial Climate Warlables [ECVs) (such as
in Figure 2.13-3).
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2 Atmospheric observations - Atmospheric composition
2.13 Anthropogenic greenhouse gas fluxes
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2 Atmospheric observations - Atmospheric composition
2.13 Anthropogenic greenhouse gas fluxes

International context
Five GCOS products are defined for
anthropogenic greenhouse gas fluxes:
1. Emissions from fossil fuel use, indus-
try, agriculture and waste sectors
2. Emissionsfremaovals by IPCC land
categories
. Estimated fluxes by inversions of
. : | v observed atmospheric compaosition
Legal fr: . £k i ! - | - continental
The Pari te 5 y ~ 5 | 4. Estimated fluxes by inversions of
58 Q b observed atmospheric compaosition
- national
5. High-resolution CO; column concen-
trations to moniter point sources,

[}

The various national initiatives are
internationally netwaorked in the Waorld
Meteorological Organization's (WMO)
Integrated Global Greenhouse Gas
Infarmation System (IG3S).

Required resources

In Germany, the development of
observation-based emissions verifica-
tion is guaranteed through the Research
for Sustainability strategy {FONA) and
its ITMS greenhouse gas manitoring
system for Germany as well as through
various German, European and inter-
national research projects. To ensure
that this commitment continues in the
leng term, further follow-up projects
are required and the resulting system
must be operationalised by the author-
ities and institutions Involved,

D umweltbundesamt.de/themen/klima-energie/treibhausgas-emissionen GO dwd.de/EN/climate_environment/climatemonitoring/greenhousegas/greenhousegas_node, html

49



2 Atmaspheric observations

Atmospheric composition
Trends in maan annual concentrations of ozons [1995-2020)
2.14 Ozone h ,
o
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The colourless and poisonous gas ozone (0.) is one of the 50 ,'-u..@

most important trace gases in the atmosphere. Most of this
gas (more than 90 %) is found in atmospheric layers above
10 km (stratosphere). The stratospheric ozone layer protects
the Earth from harmful ultraviolet ra

jtion from the sun. In
lower atmospheric layers, the gas is present as »background
pzone« as a result of hemispheric transport and natural
ozone production, which makes it a focus of attention in this
context. In strong sunshine, additional ozone forms chemically
from precursor pollutants. Furthermore, ozone is a greenhouse
gas and thus contributes to global warming of the Earth's

atmosphere.
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A Figure 2.14-1: Evolution of mean annual concentrations of ozone at a selected range of stations of the
Sile categories arursl beckgrounds and =urban backgrounds (Seuvos: UBA, based o0 dats from the meas.
urement netaorks operated by UBA as wed as by the German federal states)

Climate signals

Since the 1980s, there has been a
natable decrease both in peak surface
ozone concentrations and in the fre-
quency of accurrence of very high
ozone concentrations in surface air.
This shows that the emission reduction
measures taken against the so-called
wSUMmMer smog« episades have taken
effect. Compared to the levels of 1990,
0ZOne precursor emissions from nitro-
gen oxides and non-methane volatile
organic compounds have declined until
2019 by 60 % and 71 %, respectively.
However, the target level for the pro-
tection of human health continues to

be exceeded. In contrast to the trend
observed for peak ozone concentra-
tians, the mean annual concentrations
at urban background sites, i.e. in typi-
cal residential areas, hawve risen over
the period from 1985 to 2020, At rural
background sites, mean ozone concen-
trations show no significant increase
(Figure 2.14-1). During the observation
period, there has been a shift from low
te medium concentration levels. The
cause of this trend is the reduction in
nitrogen oxide emissions: as nitrogen
axide is predominantly emitted in the
form of nitrogen monoxide (NO), s 5 =
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2 Atmospheric observations - Atmospheric composition

2,14 Ozone

reduced NO emissions lead to a weaken-
ing of the titration effect, a depletion
pracess which breaks down ozane and,
by oxidation with locally emitted NO,
converts it to nitrogen dioxide, The
consequence of this is an increased
lifetime of ozone. In cities, the rise in
mean annual ozone concentrations
results from the falling number of low
ozone values and a parallel rise in the
number of medium ozone concentra-
tions. In addition, it is assumed that the
impact of hemispheric transport on
azone pollution in Germany and Europe
is increasing due to industrial emis-
sions in Asia and North America.

Figure 2.14-3: Long-term devalop-
ment of the stratespheric ozone
fayer based on totad szone colwmn
reasuements a1 Hobenpaissen.
g berg and giobal data (scale on the
E fefth The dafa refiact a clear
o H decrpase i oeans from the end of

| 1000 tne 1960s rrtd ihe mid-1000s and
 Slow recovery since thea, The
+— 2000 prone columa fofiows the sarfier
IREFeass i orone-daplaling Chipro.
3,000 fluprocarbons and their decrease

after the international ban imposed
By the Montresl Prodocol of 1987
| sg0g & | (inverted scafe on the nght. The

1960 1970 1980 1920 2000 2010 2020

g 11-year cyeie of spiar sctivity and
farge volcans sruptions siss play
4 5 rofe. [Source: DWO)
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2 Atmospheric observations - Atmospheric composition

Legal framework

In Germany, monitaring of air quality -
including ground-level czone - is carried
out accarding to the air quality regu-
lations of the European Union, which
have been incorporated into German
law through the Thirty-ninth Ordinance
on the Implementation of the Federal
Immission Control Act (39, BImSchV).
This regulation sets ozone target values
for the protection of human health

and vegetation. Information and alert
thresholds are established in order to
counter the risks to human health that
are associated with short-term expos-
ure to high ozone concentrations.

Required resources

Due to the legal abligation to monitor
ground-level ozone concentrations in
Germany, long-term continuity of these
pragrammes is secured.

4 Proto 2.24-1: Launch of 3 balloon-borne ozone
sande af the MOHp

D umweltbundesamt.de/en/topics/air/air-poliutants-at-a-glance/ozone

2,14 Ozone

International context

All ozone data collected in Germany in
the framework of European air guality
guidelines are transmitted to the air
quality data portal of the European
Environment Agency (EEA). From there,
the data are available for use all over
Europe in research, statistical analysis
and projects, and as a source of real-
time data, The UBA's measurement
statians are also part of the European
Manitering and Evaluation Programme
{EMEP) for the investigation of pollutant
concentrations in air masses trans-
ported aver long distances and across
national frantiers. In addition, the data
from the GAW's global station Zug-
spitze/Hohenpeissenberg and regional
stations Schauinsland and Neuglobsow
contribute to the GAW programme.
Under a co-operation with the Czech
Hydrometerological Institute (CHMI),
the MOHp operates the WMO's Regional
Dobson Calibration Center {RDCC) for
Europe.

In addition to the GAW programme,
the ozone data gathered by the DWD
also feed other international pro-
grammes for monitaring the atmosphere
and for the validation of satellite-based
data, Examples for such programmes
are the Network for the Detection
af Atmospheric Composition Change
(NDACC} or the Copernicus Atmaos-
phere Monitoring Service (CAMS).

D dwd.defozon
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A Figure 2.15-1: Soot mass concentration in pg per m¥ at background stations Source: UBA)

Climate signals

Similar to the particle mass, there is

a great difference in the levels of soot
measured at urban stations and in rural
surroundings. One well-known saurce
of soot is traffic (especially from diesel
vehicles), which is the reason for the
high values measured at traffic-near
stations, with mean values of around
2-4 pg/m3in the period 2009-2011.
Soot concentrations recorded at back-
ground stations are considerably lower,
amaounting to a quite constant figure of
0.02 pgfm? on the Zugspitze over the
same time period. The level of soat at
a specific measuring site, just as the
number of ultrafine particles, functions
as a sensitive indicator of the influence
of local combustion sources.

Analogous to particle mass, the
observations reveal a similarly strong
annual variation in the concentrations
aof sook. In flat country, the highest
values occur in winter whereas the
mountain stations register maximum
values in summer. The reasons for this
are the annual variation in the height
af the mixing layer and the heating
period in winter (Sun et al. 2021}

From 2009 onwards, soot concen-
trations decreased nationwide until
2018, with an annual linear trend around
1.7-13.1 %. This reduction agrees well
with the decrease observed for all BC
emissions as a whole, proving the suc-
cess of statutory reduction measures,
such as the introduction of low- = = s
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Measu

rements in Germany
a serving particle

emission transport and heating systems.
The daily curve of soot concentrations
also reveals that redueced emissions
from traffic have led to lower soot fig-
ures during the day. When looking at
seasanal trends, it is domestic heating
that has the largest influence on soat
concentrations in the winter months
(Sun et al. 2020).

2 Atmospheric observations - Atmospheric compaosition

2.15 Aerosols

Legal framework

Directive 2008/50/EC of the European
Parliament and the Council of 21 May
2008 on ambient air quality and cleaner
air for Europe has superseded the
previous Council Directive 96/62/EC of
27 September 1996 on ambient air
quality assessment and management
and its three subsidiary directives
(1989/30/EC, 2000/69/EC and 2002/3/
EC). in which threshald values for SO,
NO,, NO,, and PM10 as well as further
gaseous air pallutants had been given.
Accordingly, in the entire EU, up to now
no directives exist that set threshald
values for climate-forcing aerosals such
as short-lived black carbon. Threshobd
values exist only for PM10 and PM2.5,
and it must be stated that so far na
definite connection with temperature
warming is known for this type of
aerosol (Kuttler 2011).
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2 Atmospheric observations - Atmospheric composition
2.15 Aerosols

International context

The GUAN observation netwark is part
af the air monitoring programmes and
projects that exist in Europe and are
continuously developed further. These
include the European Monitaring and
Evaluation Programme (EMEP}, the pro-
ject European Supersites for Atmos-
pheric Aerosol Research (EUSAAR) as
well as the Aerosol, Clouds and Trace
Gases Research Infrastructure (ACTRIS)
Provided that the given guidelines far
data access and restrictions of use are
respected, GUAN data can be retrieved
from the EBAS database of the Nar-
wegian Institute for Air Research (NILU;
see link at the end).

Required resources

From 2008 until the end of 2013, the
GUAN network was financially sup-
ported by the Federal Ministry far the
Environment (BMLU). At present, the
stations are seif-financed by the insti-
tutions by which they are operated.
Accordingly, long-term continuity of the
measurements is not secured, although
this would be necessary and sensible
because of the increasing interest in

BC and UFP concentrations. However,
the funding of current nephelometer
measurements is secured permanently
by the UBA and the Deutscher Wethar-
dienst (DWD), the funding of PM10 and
PM2.5 measurements by the German
federal states.

@D ebas.nilu.no @D wiki.tropos.def/index.php/GUAN
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Atmospheric composition
2.16 Pollen

Onset of flowering of hazel and autumn colouring of pedunculate oak in Germany since 1951

Around 20 million people in Germany suffer from pollen
allergies. This is about one guarter of Germany's total popu-
lation, with a tendency to further increase. Pollen production
and release by plants are decisively influenced by the weather
with all its complex characteristics. Long-term continuous
observation and analysis of pollen concentrations in the
atmosphere, together with model calculations of amounts of
pollen released, make it possible to identify possible shifts

in the pollen season, changes in the counts of pollen or the
occurrence of new types of pollen,

g &
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A Figurg 2.16-1: Onset of Rowerng of hazel and autumn colowning of peduncwate cak in Germany
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4 Proto 2.16-1: Male inflorescences of razel

Climate signals

Climate change is prolonging the
vegetation period, and with it also the
duration of the pollen season, An
indicator for this is the period between
the onset of flowering of hazel (pre-

spring) and the anset of autumn colour-

ing of pedunculate cak (late autumn).
Based an this, the vegetation period
for 1941 - 2020 is on average three
weeks longer compared to the period
1961-1940 {Figure 2.15-1). The largest
changes are observed in spring.

Im addition to the advancement of
the pollen season, observations show a
trend towards increased pollen concen-
trations for certain plants (e.g. hazel,
birch, ragweed). One reason, among
athers, is the increase in CO; concen-
trations and in temperature (Kaminski
and Glod 2011, Augustin et al. 2017).

The glabal warming also leads to a
shift in wegetation zones and changes
in the range of plants. Plants that are
adapted to cold dimates could lose
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Measurements in Germany
Concentrations of major airbome pollen
ured in Germany since
Af present, the network
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their habitat whereas thermophilous
plants will probably expand further. An
example is ragweed, which is a highly
allergenic species and has already

become established in several areas in

Germany (Cunze et al. 2013, Lake et al.
2017). Other plants, such as alive, pelli-

tory or cypress, which are amang the
main allergy triggers in the Mediterra-
nean region, could equally come into
greater focus. Continuous monitoring
of pollen occurrence is therefore
extremely important.

2 Atmospheric observations - Atmospheric composition

2.16 Pollen

Legal framework
According to Section 4 of the Deut-
scher Wetterdienst Act (DWDG), one

of the tasks of the DWD is to provide
meteoralogical services for the gen-
eral public as well as for individual cus-
tomers and users in the field of public
health. Apart from conducting palien
measurements at own sites, the DWD
uses data it buys from the German
Pollen Information Service Foundation
(Stiftung Deutscher Polleninformatians-
dienst, PID). Daily pollen farecasts are
created at the DWD's Research Centre
Human-Biometeorclogy (ZMMF) in
Freiburg based on pollen data as well
as meteorological and phenological
abservations in combination with
numerical pollen forecasts (ICON-ART).
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International context

As pollen dispersal does not respect
natianal borders, international data
exchange is required. For this pur-
pose, the European Aercallergen Net-
work (EAN) was established in 1988.
The EAN database includes pollen

data from more than 400 active pollen
manitoring sites across Europe and
300 more sites for which histarical data
records are available. All the data are
available for research purposes and
pravide valuable information about the
spatial and temparal development of
pallen cancentrations in the air over
Europe.

The AutoPollen pragramme of
EUMETNET is aimed to define inter-
national standards for automatic pollen
manitoring as well as minimum loca-
tion requirements in order to ensure
international comparability of pollen
data. The DWD participates actively in
the work of this programme.

o Phodo 2.16.3: Change of the drum from the
polien trap on the roof of the OWD branch office
inn Fredburg for analysing the pallen caffected

0D dwd.de/pellenflug

2 Atmospheric observations - Atmospheric composition

2.16 Pollen

Required resources

The DWD operates two pollen monitoring
stations, one at the ZMMF in Freiburg,
the other at its Agrometeorological
Research Centre in Braunschweig
{ZAMF). The ZMMF site in Freiburg also
serves as a reference monitoring site
in the PID network, which means that
pollen concentrations are measured all
year round and that the data are
passed on to the PID without charge.
The vast majarity of manual pollen
manitoring sites are operated in the
context of medical institutions. Ensur-
ing the fail-safe operation of these
sites depends on external conditions
that are difficult to influence. Due to
the high significance of pollen manitor-
ing data, a guaranteed basic funding of
the pollen network would be useful to
ensure continuity of high-guality meas-
urements. As manual evaluation requires
a high level of human resources, the
DWD aims to establish an automated
pollen menitoring network for the
whole of Germany as soon as suitable
devices are commercially available.

@D polienstiftung.de
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3.0 Impact of global
warming on the oceans

Oceans and coastal waters are impoertant compenents of the
Earth’s climate system. This is evident from the fact that the
oceans have absorbed about 90 % of the additional heat
caused by the anthropogenic enhancement of the greenhouse
effect. In coastal areas, we humans can directly observe the
impacts of climate change in the form of sea level rise, ocean
acidification and changes in coastal ecosystems, Within the
framework of the Global Climate Observing System (GCOS),
German climate observations are carried out in the North
and Baltic Sea with a special focus on the German Exclusive
Economic Zone (EEZ) as well as in the open ccean.

German monitoring stations in the North and Baltic Sea
| = =

& Figure 3.0.1; Stations in the North and Battic Sea with regular sampling intervals, Circles indicate
stations where sampies are taken yearfy fred) as well as stations with fonger infervals belween visits

(greeal. Af stadions belonging fo the nelwark i the German EEZ (Black and spudrad), samples
are taken up to five times 8 year. The network is compiemented by further monitoring stations in the Baitic
Sea (magenta). In the Baltic Sea, an BGC-Argn float provides adeitional information on Mogeochemical
parameters foyan) Biue didmonds indicate feed medsurement plaforms, such a8 the research platlonns
in the Narih Sea (FINO stations) or the measurement buays of the Marine Environmental Monitoring
Watwdrk (1 e Novth and Baitic Ses (MARNET). These s1ations reécord time saves of fpdrographic and
chemical parameters as well as the spa state. WMot afl statipns rocord aff parameters, {Source: 854

Coverage, sustainability and

context within GCOS

Manitoring programmes consisting of by the Leibniz Institute for Baltic Sea
long-term observations in the Morth Research Warneminde (HKOW), which
and Baltic Sea are carried out mainly covers large parts of the range (Figure

by the Federal Maritime and Hydro- 3.0-1). The spatial measurement caver-
graphic Agency (BSH). In the Baltic Sea,  age and the range of observed vari-
the maonitoring activities are supported ables are further improvedinclosena m
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3 Ocean observations
3.0 Impact of global warming on the oceans

=30

-30" o . 30" 60 100 150°
Glaobal Ocean Observing System September 2021
In situ operational platforms manitored by OceanCPS, Garman contribution
Moblls systems Fixed systams Ship based measuraments.
Core floats - Argo (195) Offshore plattorms - DACF (2) + Manned weather statizns - SOTNVOS [187) B
Siogeocheristry floats - Arga {17) Moored bucys - DBCP {5) &  Automated weather stalions - SOT/VOS (111 E"""mmm_

Underwater gliders - OceanGliders (109} Dcean reference stations - OceanSITES (45)

Drifting buoys - DBC? (20) Sea leved gaiiges - GLOSS (1) A Figure 3.0-2; Positions of German measuremont pltforms rogistored in the GOOS database, Standard

Polar buoys - DBCP (14} degg-water Argo nads provide temparature and Ssainily measurements (blue dois) while extended plat-
Formis ave alsn equipped with biogeachemical sensors (green dots). Drfling surface buoys ane marked in
biue and pink. The German contributions include reference moonngs af fved Incations (green squares),
maored bueys and offshore platforms (red and gray sausres) as well a8 missions with underwater gliders
{purple datg). (Sowrce: DWD, modified from Qesan(Ps)

e eve
EERE
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mEn
iy i co-operation with university and non-
_— university research institutes, In

addition, there are a station measuring

the sea state (operated by Schleswig-
> Haolstein's Government-owned Com-
pany for Coastal Protection, National
Parks and Ocean Protection (LKN.SH))
and the Bunkerhill station (operated by
the Helmholtz-Zentrum Herean},

EEZ observations are embedded in
European initiatives and also contribute
to the Marine Strategy Framework
Directive (MSFD},

Mast of the abservations in the
open ocean are carried out via research
projects. An exception is the German
contribution to the Deep Argo array,
which receives permanent funding
from the BSH as well as from the Fed-
eral Ministry far Digital and Transport
(BMDV).

Regardless of the type or the length
of the observation activities’ funding,
it is necessary to ensure the availabil-
ity of the data for GCOS. At a national
level, data sets are collected at the
PANGAEA® data centre and at the Ger-

4 Photo 3.0-1: Deck of the F5 METEOR
during proparations for the deploymant of
@ [im g series station in the North Atfandic

D pangaea.de D emodnet.ec.europa.eu OO seadatanet.org

3.0 Impact of global warming on the oceans

GO bsh.de/EN/DATA/Climate-and-5ea/Oceanographic_Data_Centerfoceanographic_data_center node,html

@D climate.copernicus.eu

3 Ocean observations

man Oceanagraphic Data Centre (DOD),
which exchange data with Europaan
data portals, such as SeaDataNet, the
European Marine Observation and Data
Network (EMODnet), the Copernicus
Climate Change Service (C35) and the
Copernicus Marine Service (CMEMS),

Networks and continuity of all
required data sources can be harmaon-
ised through the individual co-ordina-
tion groups of the Global Ocean Obsery-
ing System {GOOS). This, in turn, also
ensures the connaction with the cli-
mate observation system of the World
Meteorological Organization (WMO},
the WMO Integrated Global Observing
System (WIGOS). The co-ordination
groups include the operators of ohser-
vation platforms (ships, autonemously
drifting and navigating systems, moored
systems, see Figure 3.0-2). A summary
of the contributions of nations partici-
pating in G005 and GCOS is available
at a web portal (ocean-ops.org), which
also serves as the basis for the yearly
published GOOS Ocean Observing Sys-
tem Report Card.

D marine.copernicus.eu
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3.1 Sea surface temperature

Temperatures at the sea surface are determined locally by
latent and sensitive heat flu>
radiation balance. Large-scale currents
and v al advection. Howe most

ses and the
cause hori

, mixing pr

surface is in near therma uilibrium with the adjac

at jer, thus reflecting the seasonal fluctuation in
temperatures. This allows an estimation of the temperature

climate and its changes.

3 Ocean observations

Ocean physics

Sen surface temperature at 1 m depth at MARNET statien LT Kiel (1985-2022)
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—— Unear background trend: 0.34 K/decade
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& Figure 3. 1-1: Time series of sea surface tomperatures from 20,06,1585 to 31082022 at 1 m depth at
the MARNET station LT Kiel, with adiusted linedr background trend of 03¢ Kidecade. At the depths of
0.5, 2 m and 4 m, the sdiusted tremnds in the fime sedes 58 this station are 0.5 Kidecads, 0.35 K cade

amd 030 Kidecade. respactively. {Sowrce: B5H)

4 Photo 3.1-1: A drifting surface duoy at the begintiag of its mission,
UsLANy \B5HNg Several Yaars, duving which it wil take measurements of
ir and wator lempavatures, ai pressune and curments. and transfer

Lhem onshive vid Salaliile

Climate signals

Depending on the temporal resolution,
sea surface temperatures are mainly
daminated by their seasonal cycle, in
addition to the diurnal cycle (see Figure
3.1-1). This periodic natural variability
Is superimpased on the significantly
smaller climatic changes, which con-
sistently lead to increased tempera-
tures. In the simplest case, the back-
ground trend is assumed o be linear.
In line with this, the assumed trend
for the whole of the Narth Sea is an

increase of +0.3 Kidecade for the
period from 1969 to 2008 (Lowe 2009).
For the German Bight, the estimated
increase is at +0.4 to +0.5 K/decade
during the period from 1983 to 2012
(Quante and Colijn 2016). Between
19590 and 2018, satellite data show a
trend of +0.59 K/decade for the whale
of the Baltic Sea (Siegel and Gerth
20149). For the south-western area of
the Baltic Sea, the increase in tempera-
ture between 1990 and 2008 s nmm
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Where are the measurements

comparable. In the
, for example,

linear backg
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3 Ocean abservations - Ocean physics
3.1 Sea surface temperature
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3 Ocean abservations - Ocean physics
3.1 Sea surface temperature

International context and
access to data

I O

anographic

n

ure mea
5 fe

& Photo 3.1-2: The German research ship MARIA 5. MERIAN approaching pari

of 3 fong-term mooring in

thie [abrador Sea. The sensors are raised once 8 yeor for maimtenance, In addition, a wide range of ECVs

are measured o board of the ship,

Where do the resources come
from?

Under the Maritime Shipping Responsi-
bilities Act {SeefufgG), the Federal
Maritime and Hydrographic Agency
{BSH) has a legal obligation inside the
German Exclusive Economic Zane
{EEZ) to maonitor the state of the mar-
ine environment. This includes in par-
ticular sea surface temperatures. The
BSH fulfils this task by carrying out
regular monitoring cruises and by tak-

CD bsh.de

GO gdi-de.org

ing stationary measurements at fixed
platforms. Both of these activities are
therefare fixed components of the BSH
budget. The same applies for the aper-
ation of the nautical and hydrographic
services. With the coastal monitoring
activities of the federal-state agencies
being part of their tasks, the funding of
these activities is also secured, in this
case by the agencies’ budgets,

D marine.copernicus.eu
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3 Ocean observations

Ocean physics

Heat content of the wpper 2,000 m of the world's oceans (1955-2020)
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A Figure 3,20 Change in the htat content oF the upper 2,000 m of the world's aceans in the periad from

1955 o 2020 companed o the 1971- 2000 mean (sef a5 zem baseling). The poean heat content is meas-
ured i o, & MesscRemant umit for anergy (Soudce: GECMAR, modifiad frm ERA)

Climate signals

The oceans have absorbed about 90% af the ocean. This in turn affects ocean
of the additional heat accumulated in ventilation and marine organisms.

the Earth system as a result of human Clear trends towards warming are
activity. The warming affects the ther- identifiable in almost all marine and
mal expansion of sea water and thus coastal regions and the influence an
the ECV Sea level. Regionally, the ecosystems, for example, can be
warming can lead to the melting of sea clearly demonstrated. ss s

ice and to changes in the stratification

4 Phots 3.2-1: A plider sending Mmeasurements from

its successiul dive for transmission vis sateffie, Dusing
its months-fong missions, 4 giider measures vertical
profiles of & multitude of ECVs at hourly intervals down
to o depeh of L000 m.
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3 Ocean abservations - Ocean physics
3.2 Temperature in the water column

Where are the measurements




International context and
access to data

Temperature measurements are
archived by the German Oceanographic
Data Centre (DOD} at the BSH and in
the PANGAEA® database. From there,
they can be retrieved via the data por-
tals run by the German Marine Research
Alliance (DAM) or the European Marine
Observation and Data Metwork (EMOD-
net). If possible, the data are exchanged
in near real time via the Global Telecom-
munication System (GTS) of the Warld
Meteorological Organization (WMQ) for
use in weather and ocean prediction
madels, Access ko the data is also pos-
sible for the general public via vanous
partals isee links at the end).

A Phoda 3.2-3; Profile measurement with 3
temperatunsioonductivity seasar relurming
abpard the surveying, wreck search and
rasearch vessad WWFS Atair

D bsh.de

D gdi-de.org

3 Ocean abservations - Ocean physics

3.2 Temperature in the water column

Where do the resources come
from?

Operation of the Marine Environmental
Manitoring Network in the Morth Sea
and Baltic Sea (MARNET) is a fixed com-
ponent of the BSH budget. Ongaing
B5H funding also includes pravision far
regular monitoring cruises and the
operation of nautical and hydrographic
services. In addition, with an own
budget title allocated to it in the BSH's
budget, participation in the international
Argo programme is secured an a long-
term basis. The contributions from

the research institutes rely on project
finance, which typically is limited to

3 to 5 years and, if continued in follow-
up projects, can sometimes produce
time series of several decades.

D marine.copernicus.eu
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3.3 Salinity in the water
column

The distribution of salinity in the ocean is clesely linked to
the global water cycle and ocean transport pro

Salinity, together with temperature and pressure, is t e
variable for determining the density of seawater, which in
turn controls ocean stratification and motion processes.
Salinity data are used in many regional and global weather
and climate applications. Measurements of salinity in the
ocean have been taken for more than 100 years and with a
relatively high degree of quality so that the resulting time
series constitute a unigue long-term archive for changes in
the global water cycle and ocean circulation.

3 Ocean observations

Ocean physics

Mean monthly values for surface salinity in January at Ems/Borkum RIf station
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A Figure 3.3-1: Ems/Gorkuem R station: monthly mean surface salinity for fanuary from historical data

(e dnk ot the end) (Sowee: BEH)

Climate signals

Comparatively long time series are
available locally for for measurements
in the German EEZ in the North and
Baltic Seas. The sometimes high vari-
ability of near-surface salinity on short
timescales at inshore stations, largely
due to the influence of continental run-
off, partly masks the determination of
climatic trends. Helgoland Roads
{sampled since 1873} and Ems/Borkum
Riff {sampled since 1920) {Figure 3.3-1}
are examples of decadal time series. In
the Baltic Sea, the salinity in the water
column indicates the efficiency of

ventilation in the deep Baltic Sea
through sporadic inflow events from
the Morth Sea. These inflow events
therefare have far-reaching con-
sequences, for example for fisheries.
Thanks to international collabor-
ation, signals could be extracted from
data collected globally (ships and
autonomaous measuring platfarms).
They show, for example, changes
in the hydrolagical cycle in response to
global warming (see Figure 3.3-3). In
addition, the decrease in salinity is a
result of increased freshwater am m

70



Contribution of the acean mass to the global mean rise in Sea level
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3 Ocean abservations - Ocean physics
3.3 Salinity in the water column

input due to melting of continental ice,
mountain glaciers and increases in
river inputs, For example, these inputs
lead to a net mass gain in the ocean,
which is reflected in a rise in sea level
{called the barystatic sea level
change).

International context and
access to data

The observations in the German EEZ
listed here, as well as the global obser-
vations, are being collected both at the
European level (North West European
Shelf Operational Oceanographic Sys-
temn {NOOS), Baltic Operational Ocean-
agraphic System (BOOS) and Coperni-
cus) as well as internationally through
collaboration on portals (e.g. National
Oceanographic Data Center (NODC)
and PANGAEA®). In addition, collabar-
ation takes place in various bodies
{e.q. Global Ocean Observing System
(GO0S), Global Climate Observing
System (GCOS) and World Climate
Research Programme {WCRP})) and in
international observation netwarks,

in particular in the Observations
Coordination Group of GOOS/GCOS. m e m
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This group ensures the co-ordination
of Arga deep floats, moorings (Ocean-
SITES), ship expeditions (Global Ocean
Ship-Based Hydrographic Investiga-
tions Program (GO-SHIP)) and glider
measurements (OceanGLIDERS) A lot
of research activities also take place
within the framewark of international
alliances.

Links to selected data products
on national and international websites
are listed at the end of the article.

3 Ocean abservations - Ocean physics
3.3 Salinity in the water column

Where do the resources come
from?

Operation of the permanent monitoring
stations in the German EEZ requires a
high level of organisational and human
resgurces, which are provided through
the B5H budget. With an own budget
title allocated in the BSH's budget, par-
ticipation in the international Argo foat
pragramme is secured on a long-term
basis. The measurements in the EEZ
and in international waters carried gut
by research institutes depend on pro-
ject finance, which is naturally limited
to a few years.

D https:fiwww.marine.csiro.au/~dunn/cars2009/ G corlolis.eu.org

D bsh.de/EN/DATA/Climate-and-5ea/Marine_environment_monitoring_network/marine_environment_monitoring_network_node.html

D bsh.de/EN/DATA/Climate-and-Sea/Marine_environment_monitoring_network/Historical_time_series/historical_time_series_node.html




3 Ocean observations

Ocean physics

Synthetic time series of mean sea lavel (mm) in the German Bight {1843-2008)

350 = Annual RMSL
= 554 reconstruction at lowest MSE
T Results from 75,000 MCAP simulations

RMSL in mm
]

1840 1860 1880 1500 1320

Time (2}
A Figure 3.4-1: The constricted time serigs 5 based on the Righ-quality, verified recorss from
13 splected tide gauge stations (Wahl of & 2011). The graph shows the snius! means (Nack) as well a5
the agfusted non-lnear trend (red). The continuing sea ievel rise (s refative to the fand and takes accoumt

1940 1960 1580

of the affects of uplift or subsidence. (Source: BSH, modified from Wakl et al. 201 1)

Climate signals

In view of the high internal variability in
the sea leve| due to natural fluctu-
ations in air pressure and wind farcing
of ocean circulation, long-term meas-
urement series are needed to derive
statistically reliable data about
anthropogenic sea level changes and
exclude the influence of natural vari-
ability. For most regions, time series
going back at least 50 years are
required to properly take account of
the ocean's natural decadal variability
when analysing observations for trends
{Haigh et al. 2009). Building on the
results of the AMSel project of the Ger-
man Coastal Engineering Research

Caouncil {KFKI), under which the data
from gauges along the German coast-
line were combined to a high-quality
synthetic ime series of sea level data
in the German Bight, another KFKI pro-
ject, MSL_absolut-A, was able to pro-
duce virtual time series of sea level in
the Morth and Baltic Seas. Carrected
by the relevant land mation, the time
series show absolute rates of sea level
rise along the coasts of Schleswig-
Holstein of 1.9 mmy/a (North Sea) and
1.6 mmja (Baltic Sea), respectively,
over the period 1900 - 2015. When look-
ing at the period 19932015, however,
the rates are as highas 3.2 mm/fa sn =
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Where are the measurements

land uplif!
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GO sealevel.colorado.eduftrend-map D star.nesdis.noaa.gov/socd/lsa

tributes station data from the tide
gauge at Cuxhaven, Access to the data
of all German tide gauge stations (not
anly Cuxhaven} is possible via the data-
base »Pegelanlines. The data of all

290 stations around the world are
available in various modes (real-, near-
real or delayed time) from the GLOSS
website. Monthly updated trends and
analyses of acceleration in sea level
rise near Cuxhaven are published on
the website of the Federal Maritime and
Hydrographic Agency (BSH), Time series
af satellite observations of global sea
lewvel rise and trend analyses derived
therefrom can be found on the web-
sites of Colorado University and of the
Us American National Oceanic and
Atmospheric Administration (NOAA).

OO pegelonline wsv.de

3 Ocean observations - Ocean physics
3.4 Sea level

Where do the resources come
from?

The monitaring of the marine enviren-
ment in the Nerth and Baltic Seas is
regulated by the Maritime Shipping
Responsibilities Act (SeeAufgG). How-
ever, a substantial part of the develop-
ment and service work is still financed
through national and international pro-
jects within the framework of univer-
sity research. To secure the sustain-
ability of such services, it is necessary
to establish long-term funding. Satel-
lite altimetry missions of the European
Space Agency (ESA) and the European
Organisation for the Exploitation of
Meteorological Satellites (EUMETSAT)
are indispensable for coastal pro-
tection and therefore need to be con-
tinued, including necessary invest-
ments in infrastructure. Sustained use
aof satellite altimetry in this context
calls for sufficient funds to finance the
further development of required appli-
cations.

D https://www.bsh.de/DE/THEMEN/Klima/Relativer Meeresspiegel/relativer-meeresspiegel_node.html

D gloss-sealevel.org
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Significant wave heights near Helgoland (1989-2020)

3.5 Sea state

Sea state is the term used for the height of wind-generated
waves on the sea surface. Changes in wind conditions and

storm intensity have a direct impact on the sea state. It is . 3

thus not a primary indicator of climate change, but deoes pi :_ 3

an important role for adaptation strategies in maritime 3

transport and coastal defence as well as in the offshore o

industry. 2
. LI i I
: 1 1

\ 5 2000 2005 ¢ 2015

1580 159 20 020

A Figure 3.5.1: Amual sversges [ight grey), percentile P, (sianifeant] wave height not excesded dur
ing 95% of the year) {dark grey), maximum annual sipnificant wave height (red)l. Due to ata gaps, the
fatter figures do not necessanly raffect the annual maximom dhat fas acteally occured (Source: B5H)

A Photo 3,51 Wave-measaring buay with
flash lght and antenna, 90 cm diameter

Climate signals

Records of sea state observations by
seafarers have existed since the middle
of the 19th century. The beginning of
systematic shipboard abservations,
however, dates back about 70 years.
Many of the statistical analyses so far
are based on such visual observations.
However, long-term data series with a
lemgth comparable to that of atmos-
pheric parameters do not yet exist for
wave measurements. Current monitor-
ing stations were established primarily
for the benefit of shipping, pilotage
services and coastal defence, but the

data are also available for any inter-
ested stakeholders from research insti-
tutions and the industry. The statistical-
climatalogical impartance of these
data series still lies mainly in the valid-
ation of numerical wave models and
their results. Models, unlike the few
manitaring stations, allow the gener-
ation of long, continuous and area-
covering time series, However, meas-
urements are required to record
extreme events and particularly high,
dangergus single waves. Some years of
the Helgoland time series shown e s m
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Where are the measurements
taken?

omati d
near real time.

3 Ocean abservations - Ocean physics
3.5 Sea state

in Figure 3.5-1 cannot be analysed stat-
istically because of too many data gaps.
Over the three decades, there is no
clear trend, neither in the mean wave
heights nor in the 95th percentile (Pgs).
The trend to higher annual maxima in
the last years is probably due to
shorter measuring intervals, which
allow the exact time of the highest sea
state during a storm to be recorded
mare precisely.

Legal framework

In support of sustainable development
of shipping and maritime uses and the
protection of the marine envirenment,
the Federal Maritime and Hydrographic
Agency (BSH) collects and analyses
maritime data and makes them avail-
able to the public. The general legal
basis for these tasks is the Maritime
Shipping Responsibilities Act
{SeepufgG).
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S A pPRotp 3.5-2 AL haif of the
measuring stations, rediendant
T MPASUrEMEnS SN OF Were Carried
International context and ) Ut USInG WAVE BuYS OF wave
access to data radass. In this offshore wind faem,
the wave radaris fixed to the
substation plalfarm. Redundant
MSasurements serve 1o compane
the different measrrement sysiems
and improve data quslity contral

meshods,
aphic System |
, are part of the
on an
basis. The data are also trans-
Deutscher Wetter-
‘ h distributes them
e Global Tel
Where do the resources
come from?
There are good prospects that oper- gaps in the data series. To keep data
ation of the existing monitoring stations  loss at a minimum, improved logistics
can be continued in future. Measure- and more personnel will be required.
ments at sea are costly and personnel-  About two thirds of the funds used
intensive, and the risk of equipment come from research projects and one
failure or loss is high. Maintenance of third from long-term financing. New
the systems cannot always be carried developments are particularly the
out on schedule. This is reflected in respansibility of research projects.

h runs the Ger
Data Centre
D gloss-sealevel.org @D bsh.de/EN/DATA/Climate-and-Sea/Sea_state/sea_state_node.html
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lce winter severity on the Baltic Sea coast since 1879
E==m VAR = Ll0-year jow-pass filber  =———=20-year low-pass filter = Trend

B & B B

Toital volume of sea lce inm
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& Figure 3.6.1: Distvibudion of total velume of Se8 ic

(Source; BEH)

Climate signals

The relatively short time series of
satellite-based ice cover data, available
since the late 19705, are widely known
to the public for the dramatic decrease
they reveal for Arctic sea ice and which
is very probably connected with
anthropogenic climate warming. Direct
observation of ice conditions along the
German coast dates back ta the end of
the 15th century. Estimates of the
annual maximum extent of ice cover in
the whole of the Baltic Sea date back to
the year 1720 and continue to be

updated. For the German Baltic Sea
coast, the severity of ice winters could
be reconstructed with the help of his-
torical documents as far back as 1300,
Long time series like these also provide
evidence of earlier longer-term climate
fluctuations, such as the Medieval
Warm Period and the Little lce Age.
Looking back on the past 50 years, ice
atlases show a decrease in the fre-
quency of ice occurrence in the entire
sea area of Germany.
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International context and
access to data

The close co-operation amang Baltic
Sea ice services reaches back to 1925.
Daily exchange of data and reparts has
carried on for decades, even during the
cold war. Today, reqular meetings are
held and the ice services have a com-
man website, Globally, there is a good
level of collaboration among members
of the International Ice Charting Work-
ing Group (IICWG), which organises
international meetings to discuss oper-
ational as well as scientific issues. The
ice services rely to a great extent on
satellite data and work closely with
remote sensing agencies, among others
the European Space Agency (ESA) and
the US American Mational Oceanic and
Atmospheric Administration (NOAR),
The international regulation and stand-
ardisation of operational ice informa-
tion services is undertaken by bodies
and committees of the World Metearo-
logical Organization (WMQO) and the
Intergovernmental Oceanographic
Commission (10C).

2 bsh.de/Eis

3 Ocean observations - Ocean physics
3.6 Seaice

Where do the resources come
from?

In accordance with the statutory regu-
lations, funding for the fundamental
work of the German |ce Service is
relatively secure for the future. Some
of the satellite maps used by the lce
Service are compiled by staff and stu-
dent assistants at universities, who
provide these services on a voluntary
basis. Other services and scientific
studies rely on additional funding,
mastly from the federal states, the
German Federation and the EU. in most
cases, however, the continuity of this
funding is not secured. The continu-
ation of the satellite missions is of key
impartance, especially but not exclu-
sively those carrying Synthetic Aper-
ture Radar (SAR) instruments, Equally
important is the continued free avail-
ability of satellite data for use by the
ice services and scientists working in
the field.

0D bsis-lce.de

D nsidc.org/noaa/fiicwg
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3.7 Ocean currents

In the ocean, currents control the transport of heat, fresh-
water and mass. Currents are caused by many factors
(winds, pressure gradients, tides) and are measured directly
(e.g. mechanically, acoustically, based on particle movements)
or indirectly (density and pressure measurements). Indirect
mate Variables (ECVs),
for example Temperature (3.1), Salinity (3.3) or Sea level (3.4).
Other ECVs are used to determine fluctuations in the trans-
port of heat, freshwater and mass. At short time scales, cur-
rents can show strong variability (e.q. tides), and long time
series with a high resolution are needed in order to detect

measurements use further Essential

climate signals.

Inflow events in the Baltic Sea (1880-2015)
60

w
o

r
(=1

1.3

o
———]
o duitn DWW 18

Relative intensity of inflow events
= W
o (=3

‘!
,, NI

3 Ocean observations

Ocean physics

| |
I "

1BBD 1890 1900 1910 1920 1530 1540 1550 1960 1970 1980 1950 2000 2010 2020

‘fear

& Flgure 3.7-1: Frequency and intensity of the inflow events in the Baltic 5ea belween IS0 and 2015
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Volume transport of Horth Atlantic Deep Water at the southern exit of the Labrador Sea
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2000 2005
A Figune 3.7-2 Temparal svalution of the v
southern axil of the Labrador Sea for the pariod
grey curve, the

Aning annusl mean is

Climate signals

Examples in the German Exclusive Eco-

nomic Zone (EEZ) are measurements
at sites in the Narth and Baltic Sea,
where, locally, there are relatively long
time series available that span many
decades. In the Baltic Sea, the deep-
water ventilation rate is related to

frasgport of North At
From 1997 o 2018, Weekly means ane inoicaled by the
n black, {Source: GEOMAR)

2010 2015
i Deep Waler (NVADW) &t the

inflow events. These inflaw events,
which result from the combined effects
of seabed topography and certain wind
conditions, have a major impact on the
acosystem of the Baltic Sea {see also
ECV Oxygen). snm
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Where are the measurements
taken?

d and stationary observations
are carried out within the limits of the
German EEZ. Ocean circulation con-
ditions and their long-term changes

ibed inan annually updated r

ter ﬂ-':l'.flll'lj into 2
MARMNET partnership bet
nd the Leibniz Institute for Baltic Sea
arch Warneminde (I0W]}
Measurements of currents in the
open ocean are also rnamlg,.r taken within
the scope of large intern

International context

The long-term measurements in the open
ocean are carried out as part of inter-
national initiatives. Only the co-ordination
in international programmes allows for the
translation of regional observations into
basin-wide observations of the Atlantic
system, International activities, such as

of the Arctic (Fram Strait} and Antarc-
tic (Weddell Sea), in boundary current
gions {Labrador Sea. coasts of Bra-

ed as part of international
erations focuss

Atlantic Meridional Overturning Circu-
lation. Also recorded routinely are indi-

in the open ocean. T
rements of the E

3 Ocean abservations - Ocean physics
3.7 Ocean currents

the Global Ocean Obserwving System
(GOOS), the Global Climate Observing
Systern (GCOS), the Climate Variability
and Predictability (CLIVAR) project of
the World Climate Research Programme
(WCRP) or the All-Atlantic Ocean Ob-
sarving System (AtlantO5) programme,
suppart the alignment of the observa-
tian activities with the needs of a wide
range of stakeholders. The co-ordina-
tion of the measurement systems is
ensured by international observation
networks, such as Argo, OceanSITES,
GO-5HIP and the various satellite pro-
grammes. For long-term measurements,
the definition of standards, quality
assurance and the exchangeability of
measurement data are particularly
important and require international
networking through programmes such
as OceanSITES.

Where do the resources come
from?

The maonitoring activities in the EEZ are
covered by the BSH. In addition, sub-
stantial contributions come from uni-
versity and non-university research
projects. For the Deep Argo Mission,
the German cantributions to open ocean
current observations are funded via
the B5H. Deployment of moorings and
ship-borme measurements are financed
by national and European research
projects and by programme-oriented
funding provided by the Helmhaoltz
centres. For obvious reasons, project-
related funding always bears the risk
that long-term measuremenks must be
terminated with the end of funding.

LE]
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Comparisen of ship- and satellite-based measurements

3.8 Wind stress

Wind exerts a drag stress on the sea surface, which acts as
an elementary drive for movement processes in the sea.
The wind-induced stress is rarely measured directly. It is
derived using the drag coefficient and the Essential Climate
Variable (ECV) Wind, taking into account the ECV Surface
currents. Wind stress can be calculated from historical ship
observations for periods of more than 100 years and serves
to diagnose the causes of climate variability. Improving the
parametrisation of wind stress is also very important for
climate studies.

N -4 i e OO -
WW W LW 1MW LEW  1SW

Dict o coast (deg)

Dt o enast [deg)

A Figure 3.8-1: Comparisan of ship measurements {points in feft-hand chart] with spatially and
temporaty Congruent Saleie-based meaturdments (rofi-hand Chart) [Source: Schlundt GEOMAR)

4 Phoder 3,8-1; ERfects of winnd mput
over the sea

Climate signals

Due to their close connection with
oceanic circulation, variability and
trends in wind stress are drivers of cli-
mate variability. If influenced by wind
stress, slow shifts in wind systems,
for instance, can lead to systematic
changes in the systems of currents.

Wind stress is also closely associated
with the intensity of coastal upwelling,
which In turn is related to acean pro-
ductivity, and consequently fisheries.
The parametrisation of wind stress and
in particular the calculation of the drag
coefficient are extremely import-
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3.8 Wind stress

ant for climate predictions, Studies from different sources, such as ship Where are the measurements Where do the resources come

on this topic are a good example of
how process studies can make a valu-
able contribution to climate research.
Another area of research looks at the
consistency of data sets that result

International context

Wind measurements on ships are part
of the Voluntary Observing Ships (VOS)
scheme, an observation network of the
Ship Observations Team (SOT) that co-
ordinates its activities with the Global
Ocean Observing System (GOOS), this
in turm being linked to GCOS.

The Deutscher Wetterdienst (DWD)
as the national meteorological service
of the Federal Republic of Germany
operates a marine meteorological net-
work in arder to fulfil the tasks laid
down in the Deutscher Wetterdienst
Act (DWDG). As part of this network,
the DWD operates its own VOS fleet,
with currently (as of 06/2021) approx.
600 shipboard weather stations (of
which around 120 are automatic) on
various ships that participate in the
YOS programme for voluntary weather
observation at sea. In total, about

data and satellite measurements
{Figure 3.8-1). The focus here is on 5ys-
ternatic deviations, their cause and
their correction.

670,000 observations from the DWD's
WVIOS stations were fed into the Global
Telecommunications System (GTS) in
2020 and made available for weather
and climate analyses. Globally, about
2,700 VOS stations have delivered some
2.6 million observations. Co-ordination
also takes place at European level
under the E-Surfmar programme of the
Network of European Meteorological
Services (EUMETNET) and globally
through the 50T's VOS Panel. The DWD
represents the interests of the Federal
Republic of Germany in both these
bodies. Within the scope of the Marine
Climate Data System (WMO/IOC MCDS),
the DWD operates a Voluntary Observ-
ing Ship Global Data Assembly Centre
(VOS-GDAC, see link at the end) for the
archiving and exchange of internatianal
marine weather reports.

in the VOS5 programme

from?

The DWD's marine meteorslogical net-
work is a fully operational monitoring
network operated within the DWD’s
Business Area Technical Infrastructure
and Operations. The VOS activities of
Germany are consequently included in
the budget of the DWD. E-Surfmar is
an optional programme run under the
responsibility of the EUMETNET Obser-
vations Capability Area. Management
af this programme has been contracted
out to Métég-France for the current
five-year programme period until

the end of 2023 and is financed by
EUMETNET funds. The VOS programme
enables global co-ordination and has
only a small budget provided by
members on a voluntary basis.

With its pilot project =Underway«
Research Data started in 2019, the
German Marine Research Alliance
{DAM) has begun developing an infra-
structure aimed to ensure the provi-
sion of relevant ECVs from their initial
recording through to quality control
and data archiving. Qther measure-
ments stem from research projects,
which are typically of short duration
(3-5 years).

D dwd.de/vos-gdac



Climate signals

The variability of ocean surface heat
fluxes is closely linked to climate factors
such as regional and global patterns of
ocean warming, changes in the strati-
fication of ocean waters and the solu-
bility of gases, which in turn are related
to ather ECVs (for example Tempera-
ture in the water column, see ltem 3.2},

International context and
access to data

The Valuntary Observing Ships (VOS)
scheme is an observation network of
the Ship Observations Team (SOT),
which is arganised as part of the Global
Ocean Observing System (GOOS), itself
a programme co-financed by the Warld
Meteorological Organization (WMO) and
the Intergovernmental Oceanographic
Commission (I0C) of UNESCO.

As the national meteorological ser-
vice of the Federal Republic of Germany,
the Deutscher Wetterdienst (DWD)
operates a marine meteorological net-
work in order to fulfil the tasks laid
down in the Deutscher Wetterdienst
Act (DWDG). As part of this network,
the DWD operates its own VIOS fleet,
with currently {as of 06/2021} approx.
600 shipboard weather stations (of
which around 120 are automatic) on
various ships that participate in the
VOS programme for voluntary weather
observation at sea. In total, about
670,000 observations from the DWD's
VOS5 stations were fed into the Global
Telecammunications System (GTS) in

A Phota 3.9-1: Sas smake, photographed from
the research ship F5 POLARSTIAN in &arch 2020
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& Figure 3.9-1; Climatoiogicad annuad mean changes
i et heat fue (W3 of the RCAS-NEMO ACPE.5
ensamble mean batween the simuaied periods
1970 - 1999 and 2070- 2009, Blre colours indicate
neraasad nest [oss or decreased heat gain of the
Movth Sea. (Source: GEOMAR, modified from
Dipterich et 8l 2019, ficensed under CC0 1.0

2020. Globally, about 2,700 VOS sta-
tions have delivered some 2.6 million
observations.

At European level, co-ordination of
the various national fleets takes place
under the E-Surfmar programme of the
Network of European Meteorological
Services (EUMETNET), at global level
through the S0T's VYOS Panel. The DWD
represents the interests of the Federal
Republic of Germany in both these
bodies.

The DWD disseminates its VOS5 data
via the GTS. The data fram the measur-
ing platforms in the Narth and Baltic
Seas are available for retrieval on o 0 0
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Where are the measurements
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Where do the resources come
from?

The DWDF's marine meteoralogical net-
work is a fully operational monitoring
network operated within the DWD's
Business Area Technical Infrastructure
and Operations. Accordingly. the VOS5
activities of Germany are firmiy
included in the budget of the DWD.
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measurements allowing the calculation
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3 Ocean abservations - Ocean physics
3.9 Ocean surface heat flux

E-Surfmar is an optional pro-
gramme run under the responsibility of
the EUMETNET Observations Capability
Area. Management of it has been con-
tracted out to Météo-France as the
=responsible members until the end of
2023 and is financed by EUMETNET
funds. The programmes of EUMETNET
are planned for S-year periods and are
awarded to a Member State following
a call for tenders. The next programme
phase from 2023 onwards is already
being planned.

The global programmes VOS and
SOT are purely organisational initiatives
and have only small budgets at their
disposal (for example for travel costs),
which are funded by the members on a
veluntary basis.

With its pilot project =Underway«
Research Data started in 2019, the
German Marine Research Alliance (DAM)
has begun developing an infrastructure
aimed to ensure the provision of rele-
vant ECVs from their initial recording
through to quality control and data
archiving - including for GCOS-related
climate applications. Other measure-
ments stem from research projects,
which are typically of short duration
{3-5 years).

determined

exampl

good reasan fi tu monitoring
network are the reference measure-

activities, supplying data to Baltic Seas are suited for
calculate the ECVs re for determin-  process studies on parame
ing turbulent heal
research vessels t
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Biogeochemistry

Global ocean colour satellite missions
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A Figure 3. 10-1: Timeding dlestrading pase, current and future giobal ocedn colour Sateiile missions
{Source: B5H, modified from I0C0G)

A Phda 3.10-2: Algal oo i bre North Sea

Climate signals

Since satellite-borne optical remate related changes in the marine environ-
sensing began in the late 19705, a ment because a sufficiently long period
greater variety of optical sensors has of time must be covered to be able to
become available over the last 20 to identify climate signals. However, as
25 years, in particular in connection ocean colour measurements - in particu-
with the Copernicus Services of the lar for local studies - only take records
European Union (see Figure 3.10-1). aof the near-surface range, it is often
This allows the synthesis of consistant very difficult to differentiate between
time series with data from different climate trends and natural, sometimes
satellites. It is an indispensable multidecadal variability.

requirement for analysing climate-
B9
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International context and
access to data

A large part of the ocean colour prod-
ucts have been developed in the
framework of international projects
{e.g. ESA, EUMETSAT) and are provided
directly or via local service providers,
such as the German Aerospace Center
(DLR), research institutes and private
companies. The European Ocean Colour
Thematic Assembly Center (OC TAC),
for instance, which is operated as part
of the Copernicus Marine Service
(CMEMS), operationally provides high-
level products at global and pan-Euro-
pean as well as regional (Atlantic, Arc-
tic, North and Baltic Seas, Black Sea)
scales. The data can be accessed via
the links listed below,

To facilitate and harmonise access
to the data, the European Commission
is financing the establishment of five
cloud-based platfarms, all designed to
give central accaess to the Copernicus
data and information services as well
as to processing tools.

3 Ocean observations - Biogeochemistry
3.10 Biomass/Ocean colour

Legal framework

Under the Maritime Shipping Respansi-
bilities Act (SeeAufgG), the Federal
Republic of Germany has a statutory
task ta conduct oceanographic inves-
tigations, including the monitoring of
changes in the marine environment.
This includes the participation in
inspections made by the European
Union or other international organisa-
tions of which Germany is a member
insofar as German participation is
necessary ta implement legal instru-
ments of the European Union or fulfil
Germany's international commitments.

Where do the resources come
from?

In Germany, national activities for
manitoring the marine environment
are secured under the Maritime Ship-
ping Responsibilities Act (SeefufgG).
Fulfilment of the national obligations is
furthermore governed by the German
Marine Monitaring Pragramme (BLMP)
and the Marine Strategy Framework
Directive (MSFD). International commit-
ments are regulated by the OSPAR.
Convention as well as by the Helsinki
Commission (HELCOM). The funds for
centralised provision of ocean colour
products in Europe via CMEMS come
from the European Union.

20
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Long-term trend of nitrate concentrations at Boknis Eck time serles station

Jan, 1980  Jan, 1985  jan, 1990 jam. 1995

A Figure 3111 Mesn winter concentrations of aitrate af Boknis Eck time seried station [dots)h. The graph
also shows the caftulated long-term trend (solid tine) and its uncertainty (dashed line). (Sorre: GEOMAR,

modified from Lennarte of &l 2014)

Climate signals
In arder to better understand the pro-
cesses and to improve predictive
capacities, data collection including
biological and physical Essential Cli-
mate Variables (ECVs) is strongly rec-
ommended. In addition to monitoring
nutrient levels in the sea, river obser-
vations are also important.

in coastal areas, the huge seasonal
fluctuations in nutrient concentrations
raquire regular monitoring over long
periods of time in order to identify
trends. At Boknis Eck time series sta-
tion in the Baltic Sea, where nutrients
have been measured continuously
since 1986, a downward trend in
nutrient concentrations in winter can
be observed (Figure 3.11-1). Similar
trends have also been found in the
German Bight and are mainly due to
a decrease in nutrient input from
rivers. However, increasing stratifica-
tion (difference in density between
deep and shallow water) caused by
global warming cannot be ruled out
as an influencing factor.

L 1 t
Jan. 2000 jen. 2005 jan. 2010

Since there are often only low con-
centrations in the open ocean, trends
here are more difficult to detect and it
is of key impartance to ensure the
comparability of measurements by
using suitable reference material (RM).
For many nutrients, reference material
was developed at an early stage
although only on a local level. Globally
accepted standards did not become
available until recent years. The same
applies to methodology decuments,
Intercalibration makes it possible
to identify systematic deviations in
nutrient data and possibly also to
correct them.

a1
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International context and
access to data

Co-operation on nutrient monitaring in
the Baltic Sea region is co-ordinated
by the Helsinki Commission (HELCOM),
and in the Narth 5ea by the OSPAR
Commission. This mainly involves the
use of ships. Mew sensor technology
also makes it possible to measure
some nutrients with high data rates on
autonomaus measuring platforms
{underwater gliders, Argo deep floats,
maarings). The highest quality standard
is achieved by laboratory measure-
ments on research ships, for example
in the Global Ocean Ship-Based Hydro-
graphic Investigations Program (GO-
SHIP), in which Germany is also a regu-
lar participating country. GO-5HIP data
serve as a reference for climate trends,
also using the related data synthesis
files from GLODAP. International work-
ing groups {e.g. SCOR COMPONUT) are
working an the homogenisation of
technigues and reference materials.

3 Ocean observations - Biogeochemistry

3.11 Nutrients

Most of the nutrient data from
observations in the German EEZ can be
found on the Chemistry portal of the
European Marine Observation and Data
Network (EMODnet). Various institutes
make ather data publicly accessible,
for example the measurement series of
Boknis Eck station, which has been in
aperation in the Baltic Sea since the
mid-1950s and is now run by GEOMAR.
Additional data for the open ocean can
also be found at the PANGAEA® data
centre (see callection of links below).

Where do the resources come
from?

Manitoring of the marine environment
is secured under the Maritime Shipping
Responsibilities Act (SeeAufgG). Fulfil-
ment of national obligations is further-
more governed by the German Marine
Manitering Programme (BLMP) whereas
international agreements are ruled by
the OSPAR Convention. The Marine
Strategy Framework Directive (MSFD)
includes a co-ordinated programme of
measures for the European Union.
Nutrient abservations in interatianal
waters are mainly funded by short-
term research grants.
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3.12 Oxygen

All higher life in the ocean depends on oxygen dissolved in
water. The amount of dissolved oxygen is much smaller in
water than in air. One litre of water contains only about one

saturation with oxygen is a regular occurrence during the
algal growth period in spring. In the deep and near-bottom

ocean layers, oxygen deficiencies can occur in the second
half of the year as a result of oxygen-consuming organic
decomposition processes.

3 Ocean observations
Biogeochemistry

Areas of oxygen deficlency or anoxia in the near-bottom waters of the Baltic Sea in July 2020

) 2

A Figure 3.12.1: Areas of oxygen deficiency (INack oots) and Righ levels of H,S and thus snoxc congdions
{hatched in red) in the near-bodtom waters of the Baltic Sea in july 2020 {Source: MaumanndOwl

Climate signals

Oxygen dynamics in the ocean are
determined by physical, biogeochemical
and biological processes. Photasynthesis
and the exchange of gas between
undersaturated surface water and the
atmosphere cause the oxygen levels

in the ocean to increase. They decrease
again due to respiration and the oxida-
tion of chemical compounds in the water
column or in the sediment. While the
well-mixed surface layer is usually well
supplied with oxygen, a physical ma m
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3 Ocean observations - Biogeochemistry

3.12 Oxygen
aen
transport mechanism, known as ocean
BGC-Argo ventilation, is needed for the layers
MARNET (BSH) below the sunlit surface to renew the
AWZ (BSH) axygen consumed. The distribution of
oW i axygen inside the acean thus provides
NSSS (BSH) 3 i information on physical and biogeo-
PRy chemical mechanisms in the ocean and

an the ecological state of the oceans.
The climate change not only causes
the ocean to warm, it also affects
ocean circulation. Through reduced
oxygen solubility and reduced ocean

P,
\ ventilation, both these factorslead to a
\ decline in the oxygen inventory of the
B - global ocean. This is already a measur-
BGC-Argo 5
. SPNAN (GEOMAR/LN Bramen) able fact: since 1960, the ocean
o Cvoo oxygen inventory has decreased world-

23° W (GEOMAR) wide by more than 2 %. In additian,

i e increasing warming and the associated
stronger stratification of the water col-
umn, together with the growing
eutrophication of coastal waters in par-
ticular, lead to hypoxia, i.e. decreased

—

Where are the measurements ork of the long-term h ime seri o int . oxygen in the ocean.
2 A situation like this also exists in
in the equ al AL and | the Baltic Sea, which is almaost com-
subtropical th-East Atlantic. / pletely surrounded by land with anly

narrow straits that link it to the warld
ocean and with lithe exchange of water
as a consequence, The area affected
by hypexia currently covers around
70,000 km? in the deep waters of the
central basins. In coastal, shallow
5 areas, there is an increasing axygen
2xample, the GEOMAR Helmhaoltz Centre sin ygecche A deficiency in late summer. Despite a
O rch Kie 0 the E C- considerable decline of nutrient loads
since the beginning of the 1980s, cur-
rent computations of the ozone deple-
tion rate still give considerably higher
values than in previous decades. How-
ever, some few coastal areas with
strongly reduced nutrient loads s s m
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International context and
access to data

All data collected under the various
pragrammes and during the monitor-
ing cruises are freely available in cor-
responding databases {in some cases

only after a certain period of embargol.

Envirenmental menitoring data are
usually forwarded to the International
Council for the Exploration of the Sea
(ICES). BGC-Argo data are freely avail-
able from the Argo data centre. Other
data (e.g. from monitoring cruises) are
archived in different places depending
on their origin (e.g. PANGAEA®). An
overview can be found using the cruise
inventory and data search function
offered by the Oceanographic Data
Centre [DOD) of the BSH. To facilitate
searchability and access to the data,
international efforts are currently
under way to set up a comprehensive
Global Ocean Oxygen Database and
ATlas (GO;DAT) and establish a can-
sistent flow from data collection to
national data centres and other data
providers through to a unifarm data
product.

3 Ocean observations - Biogeochemistry

3.12 Oxygen

Where do the resources come
from?

Manitoring of the axygen situation in
the marine environment is secured
under the Maritime Shipping Respon-
sibilities Act (SeeAufgG). National obli-
gations are specified in the German
Marine Manitoring Pragramme (BLMP)
and will in future be integrated into an
internationally co-ordinated monitoring
programme under the M5FD. Additional
measurements are financed from the
budgets of the participating research
institutes (e.g. IOW) or from research
projects {e.g. GEOMAR, University of
Bremen). The funds for the German
Argo programme come from the BMDV,
the extension to include oxygen and
ather biogeochemical parameters is
currently funded by the BMBF.
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3 Ocean observations

Biogeochemistry

Measurements of CO; partial pressure in the ocean

o BO'E 120°E 180*
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T148.57

A Figurs 3, 13-1; Map of the 33.7 mitien quaily-controlied messudmants of OO0 partia! pressess in the
surface acean contaked in SOCATYHZ2 for the period 1957 to 202] (Source: DWD. modified from Bakkor

ef &l 2006

o Phote 3.13-1: A sutonomous Saldrone obat boat equipped with St f-the-art sersor '
encounters the German research vessel METEDNR in the tropical North Atantic a5 part of 3 co-ordinated

initialive during the METEOR Expedilisn MIGD o study the rofe of 0Cean sddias i the manng camon cyoa,

Anthropogenically disrupted
carbon cycle

The ocean plays a central role in the
global carbon cycle. In the periad
2010-2019, for example, the acean
absorbed around 26% of the CO,
emitted globally from the combustion
of fossil fuels in the same period.
Cumulatively since 1750, the share of
emissions is as high as 38%. At the
same time, this additional CO» uptake
causes changes in the chemistry of
the inorganic carbon system that

have a variety of potentially negative
impacts on marine life. These changes
are generally known under the heading
of »ocean acidification«, Systematic
manitoring of the marine CO, system is
therefore of great scientific importance
and imperatively called for because

af Germany's commitments to inter-
national agreements {UNFCCC, OSPAR,
MSFD).
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3 Ocean observations - Biogeochemistry
3.13 inorganic carbon in the ocean

A Figure 3.13-2 Map of hydrographic stations with qualify-controlied aad internally consisiont measire.
meats of bisgeochemical parametors (nclnding carbon concentrations) on move than 1.3 milion water
samples from 984 resparch expeditions beiween 1972 and 2030 (Source: Lauvset ef al. 2006 and 2021,
ey ef al, 2015)

Where are the measurements

Ship-of-Opportunity (SOO0P)

network Network of ocean time series
The global 1 B stations

Global Argo float cbservatory
Tt i al

sensor tech
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International context

The participating German research
groups are involved in international
initiatives, such as SOCAT, GLODAP and
IQCCP, where they also take on leader-
ship responsibilities. Of particular
impartance are the contributions to the
European research infrastructure Inte-
grated Carbon Observation System
{ICOS) for quantifying Europe’s green-
house gas balance. In this context, Ger-
many contributes five components to
the Ocean Netwark.,

3 Ocean observations - Biogeochemistry
3.13 inorganic carbon in the ocean

4 Proto 3.13-3: A water sampling rosette
with 24 closed water samplers rstunas fo the
surface from a waler depth of over

4,000 matres.

Where do the resources come
from?

The German ICOS contribution was
developed between 2012 and 2016
with funding from the Federal Ministry
af Education and Research (BMBFL In
the operational phase, which has been
running since 2017, the atmasphere
programme is financed by the Federal
Ministry for Digital and Transport
{BMDW) while the funds for the ocean
programme currently come from the
partner institutions GEOMAR, AW and
10W out of their own resources, Oper-
ations in the German Argo programme
are financed by the BMDV. BMEF pro-
ject funds, however, continue to play a
key role for further expansion, methodo-
logical innowations and accompanying
research. In the medium term, obser-
vation tasks in the area of inorganic
carban in the ocean must be more
strongly integrated into the sovereign
budget in order to guarantee the struc-
tures and expertise that have been
built up on a sustainable basis.

4 Photo 3.13-2: OrBiorm Fiadier from GEOMAR prepares Argo doep floats with
warigus hiogeochemical sansors for deplayment in the tropical Atlantic

D socat.info

@D glodap.info

o8



3 Ocean observations

Biogeochemistry

Measurements of NyO in the water column at Boknis Eck time series station [2005-2017)
W0 in imel L1
| as

Depth In m

15

20

2006 2007 2008 2000 2000 2011 2013 2013 20014 2015 2016 2017

A Figune 3.14-1: Monthly measwrements of Npl in the waler colma (5-25 m deep) i Boknis Eck fime
senps station between 205 ane 2017, Yellow-redaish tones rapresent high concentrations of N0 and
biue toes fow concentrations. (Sorrce: GEOMAR, modifed from Ma et al 2009)

A Photo 3.14-1: The German research cutter LITTOAMA on is way to Boknis Eck e Eckernforde Bay
(Sehlptaig-Holtein)

Climate signals

Atmospheric N0 levels have increased  N»0 emissions can often be attributed
maore or less continuously by about to eutrophication processes while

0.8 ppb per year in recent years. This on the ather hand there is a close link
reflects the increasing N0 emissions between N0 praduction and the

from anthropogenic sources. axygen content of the environment,
Mitrous axide is produced as an Various studies on the oxygen depend-
intermediate or by-product during ence of N,O production show that
conversion processes in the nitrogen the most NyO is produced at very low
cycle. On the one hand, increased axygen levels, but NyO decompos-a s s
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Where are the measurements

3 Ocean observations - Biogeochemistry

3.14 Nitrous oxide in the ocean

International context
Atmospheric N20 measurements from
GAW stations operated by Germany
are supplied to the public through the
World Data Centre for Greenhouse
Gases (WDCGG). Oceanic measure-
ments of N30 from national measure-
ment campaigns are usually archived
together with other data gathered dur-
ing these campaigns in national or
international geospatial databases
(e.9. PANGAEA®, BCO-DMQO). In 2009,
the MEMENTO database (MarinE
MethanE and NiTrous Oxide) for global
oceanic methane and N0 measure-
ments was set up and is operated by
GEOMAR. In this database, existing
measurements of N2O from national
and international campaigns are col-
lected, transferred into a unified data
format and published to create a com-
prehensive, unified data set of N,Q in
the ocean and to enable global esti-
mates of oceanic N0 emissions. Figure
3.14-2 shows the positions of the N-O
surface and depth profile data con-
tained in MEMENTO {as of December
2020). s m
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3 Ocean observations - Biogeochemistry
3.14 Nitrous oxide in the ocean

o Figure 3.14-2: Positions of surfacs
{dols) and depth (circies) profile data
of N0 in MEMENTO. The green star
shaws the focation of Bokas Eck
time senies station, the pink star the
transil anea of the MOV FIMNMALD,
{Sowree: GEOMAR)

Where do the resources come
from?

Maost oceanic and atmospheric obser- undar GAW is operated by the Karls-
vations at national and European level ruhe Institute of Technology (KIT) and
are financed through institutional funds  funded by UBA. With the exception of

as well as funds acquired as part of the NoO measurements in the Baltic
third-party projects. In Germany, the Sea (aboard an SO0P) as part of ICOS
UBA is responsible for implementing Germany, there is no continuous fund-

quality assurance measures for atmos-  ing for time series of oceanic NoO
pheric Ny0 measurements. One of the measurements in Germany.
world calibration centres established

GO gaw.kishou.go.]Jp D public.wmoe.int/en/programmes/global-atmosphere-watch-programme

2 umweltbundesamt.de/daten/klima/atmosphaerische-treibhausgas-konzentrationen GO icos-infrastruktur.de GO memento.geomar.de

101



Anthropogendc carbon in the Atlantic

3 Ocean observations
Biogeochemistry

522
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A Figure 3.15-1; Déstribution of anthropogenic carbon (Cad in the Western fieft) and Eastarn Basin
iright) of the Atiantic in 2010. The most impartant water masses are alsa showre Anlaschic fntermadiate
Water (AAIW), Labrador Sea Water (LSW), lopland- Scotland Overfow Water (ISOW), Denmark Strait
Dverfiow Waler [DEOW) and Antarctic Bodlom Waler (AABW) [Source: 1A}

Climate signals

The manitoring of anomalies in the
concentration of anthropogenic trace
gases enables estimates to be made
about how quickly climate signals are
spreading in the ocean. Climate models
predict a weakening of water forma-
tion rates and associated overturning
forces. This would lead to changes in
the transport of heat and fresh water
in the acean - with cansiderable con-
sequences for the climate and the sea
level in western Europe. [t would also
affect the storage rates of anthropo-
genic carbon.

A Proto 3.15-1: Laboratavy for the analysis of
trace gases af the nstiute of Enviroamantal
Pliysics, Univavsity of Bramen JiUP)

The key ocean regions react very
sensitively to changes in the atmos-
pheric forcing. This high sensitivity is
also the reason why the ocean rasponds
to natural variability in the atrmospheric
forcing with large natural fluctuations.
This response, however, hampers the
detection of fluctuations of anthropo-
genic origin so that long data series are
needed ta distinguish between natural
variability and leng-term trends.
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Where are the measurements
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3 Ocean observations - Biogeochemistry

3.15 Anthropogenic trace gases in the ocean

International context and
access to data

The national measurement of trace
gases is incorporated in international
research activities such as the CLIVAR
praject of the World Climate Research
Programme (WCRP), which focuses on
climate variability and predictability
with a special focus on ocean-atmos-
phere interaction. The measurements
also contribute to European research

projects, such as CARBOOCEAN, CARBO-

CHANGE, AtlantOS and COMFORT. The
German oceanic trace gas data are
stored in European and international
data archives as well as in the national
PANGAEA® database. Moreowver, they
are a component of the Global Ocean
Data Analysis Project (GLODAP). The
aim of this project is to caollect trace
gas data as well as data about other
carbon-related parameters fram
around the world and, after running
quality checks, publish these in a uni-
farm farmat. This enables easy access
to the data, for example to create a
basin- or worldwide inventory for
oceanic Cga.

20%5 -
40°5 -

60°5

soW  BOW  30W  0f 30°E
& Figure 3.15-2 Areas where GErman NStitutions
(GEOMAR, Uiniversity of Brempn) take regular
measrements of trace gases, see red oval
markings (Souses: iR}

Where do the resources come
from?

The measuring of oceanic trace gases -
including some of the required technical
personnel and further technolegical
development of analysis systems - are
funded through temporary research
projects: continuity is therefore not
secured. In addition, the measurements
can only be carried out if ship time an
sujtable research wessels (F5 M. 5.
MERIAN, FS METEOR, F5 POLARSTERN)
is granted.
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3 Ocean observations | il
Ecosystems | |

Anemalies in the abundance of small copepods at Helgoland Roads time series station

3.16 Plankton

Plankton are organisms fleating in open water that are unable
to swim independently against ocean currents. A distinction
is made between phytoplankton (which inciude unicellular
bacteria and microalgae and, through photosynthesis, form
the base of the marine food web) and zooplankten (which
comprise a variety of animals from unicellular ciliates and
copepods to very large jellyfish). Zooplankton are the most
important link between primary production and higher
trophic levels {such as fish) and are thus extremely import-
ant for marine and oceanic ecosystems. Phytoplankton and
zooplankton serve as indicators of water body status and
are therefore also parameters of the EU's Water Framework
Directive and Marine Strategy Framework Directive,
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Now i 1]
4 Bol
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A Figure 3, 16.1: 564500480 i inlavantual Annmalies in the shundance of Small copapads 48 Helgoland
Rexaefs tine Aeried Stalion (Source: GEOMAR, modified from NMPE)

Climate signals

Quantitative observations of plankton
based on standardised plankton net
catches have been made since the end
of the 19th century, There are cur-
rently no long measurement series for
plankton comparable to those for
atmaospheric and hydrographic param-
eters, The available data from the last
century show that there have been
shifts in distribution, especially in the

temperate latitudes. As a result, in the
North and Baltic Seas, there is an
increasing number of species that are
favoured by warmer temperatures
while others have been pushed back to
the polar regions. There has also been
a shift in phenology similar to the
changes in the vegetation periods on
land, i.e. in the temparal sequence of
the growth periods of primary pro-

4 Phodo 3.16-1: Zonscan images of various mesorooplankion arganisms fram
the Baltic Sea feft) and microscopic image fdack Feidl of 8 fiving plankton
sample frem the Baltic Sea containing mainly distoms and dinoflagelates
fright). The image is magaifiad by a facter of approsimately 10 feee sosfe),
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3 Ocean observations - Ecosystems
3.16 Plankton |

ducers (phytoplankton) and the con-
sumers (zooplanktan) that depend on
them, Since the presence of suitable
zooplankten in spring is particularly
important far fry (match/mismatch),
there is a direct connection to commer-
cially exploited fish stocks,

International context and
access to data
The Working Groups of the Internation-
al Council for the Exploration of the Sea
(ICES) an Phytoplanktan and Micrabial
Ecology (WGPME} and on Zooplanktan
Ecology (WGZE) are international expert
groups that discuss and co-ordinate
methods and analyses for time series.
The collaboration of these ICES work-
ing groups with the WG125 of the
Scientific Committee on Oceanic Re-
search (SCOR) has laid the foundation
for the integrated Coastal & Oceanic
Plankton Ecology, Production, & Obser-
vation Database (COPEPOD) hosted by
NOAA, The HELCOM Phytoplankton Ex-
pert Group (HELCOM PEG) co-ordinates
maonitoring activities in the Baltic Sea,
which are carried gut by the various
riparian states in proportion to their
coastlines. The International Long Term
Ecological Research {ILTER) is an inter-
national network for long-term eco-
Iogical observations, covering terrestrial
as well as limnic and marine systems.
The data collected by the federal-state
authaorities are delivered to the national
Marine Environmental Database
(MUDAB).
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A lot of data {both from time series
stations and individual sampling) are
compiled in the COPEPOD database,
thus opening up access to information
an, among other things, abundance and
biomass of major taxonomic groups
{e.q. diatoms or copepods). More de-
tailed observations at genus or species
level are usually published by the indi-
vidual institutions, for example an
PANGAEA®, and are freely available.
The COSYNA data are available to the
general public on a dedicated data
partal.

o4 Pl 3.16-2; Quantitalive plaskton met
calchas revmiain an imtegral part of long-tenmm
plankton pbssrvations, Depending on the
target group, plankton nets with different
diamatars and mesh $1285 ars usad. The
pictare shows a bongo net frombined with
baby bongol,

GO ufz.defliter-d GD https://codm.hzg.de/codm/

D mhb.meeresschutz.info/de/kennblaetter/neue-kennblaetter/details/pid/7

3 Ocean observations - Ecosystems
3.16 Plankton

Where do the resources come
from?

Mast existing time series samples are
still counted manually under the micro-
scope and the resources needed come
out of the budgets of the research
institutes preforming the work, federal-
state budgets or from acquired third-
party funding projects. In contrast to
parameters that can be measured
directly by calibrated sensors, the main
resource required in plankton monitar-
ing is the time needed by well-trained
persannel to perfarm the taxonomic
evaluations. The use of image analysis
{both in-situ observations and digitisa-
tion of samples) offers an increasingly
attractive alternative as machine learn-
ing makes the sorting work easier and
more consistent (although the results
still need to be validated by experts). It
also offers the possibility of a digital
archive so that personnel costs can be
minimised owver time.

0D geoportal.bafg.de/MUDABAnwendung
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3.17 Marine habitats

Germany is rich in marine habitats (not considering the
pelagic realm). These include seagrass meadows, which occur
both in the North Sea (e.g. near the island of Sylt) and in the
Baltic Sea, as well as soft bottom benthos. Hard substrata
(rocky shores) are largely confined to the area around the
island of Helgoland (except for artificial substrata). Apart from
scientific interests, the main motivation for marine habitat
monitoring in Germany is to fulfil national and international
reporting duties. Monitoring of soft bottom habitats in the
‘German Exclusive Economic Zone (EEZ) in the North Sea
takes place on the basis of European guidelines, such as the
Habitats Directive and the Marine Strategy Framework
Directive, and is aimed to evaluate management measures
for the regulation of fisheries.

& Phota 3172 Seagrass oocurs in groups, offen growing to brge meadaws, such a8 in phe Morth Frisian
Wadden Spa mear the isiang of Fohr

Climate signals

For soft bottom benthos, the monitor-
ing activities described here have not
yet led to the identification of clear
climate signals.

The monitoring of macroalgal and
macrebenthic species has revealed
that, in recent years, more and more
invasive species have migrated to the
areas around Helgoland and that
species that were previously only
known from neighbouring coastal

A Pt 3171 Seagrass meadow near Dransks,

Baltic Sea

areas have settled there. Most of these
species appear to be warm-temperate
inhabitants. At the same time, the
brown seaweed vegetation of the low-
to mid-rocky shore level has increased,
which may be the result of milder
winters or springs. However, further
long-term monitoring will be necessary
hefore any firm conclusions can be
drawn in this respect.
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3 Ocean observations - Ecosystems
3.17 Marine habitats

International context and
access to data

Soft bottom benthos monitaring is
embedded in activities of the Inter-
national Council for the Exploration of
the Sea (ICES) and in the work of the
expert groups of the OSPAR Commis-
sion. Relevant open data repositories
are offered by the Federal Agency far
Nature Conservation (BEN), ICES,
OSPAR and, with CRITTERBASE, by the
Alfred Wegener Institute, Helmholtz
Centre for Polar and Marine Research
{AW!}. The raw data are submitted to
the Schleswig-Holstein State Agency
for Agriculture, Environment and Rural
Areas (LLUR) as the funding institution,
who processes them into a standard-
ised format for integration in its bic-
database. The AW has also access to
this database.

Where do the resources come
from?

Manitoring activities for the soft bottom
benthos in the German EEZ (the part
managed by the AW} are financed by
the BfN project »LABEL« and by basic
funding of AWI. The manitoring of the
rocky substrata is mainly funded by
the LLUR.

[

https://www.awi.de/forschung/besondere-gruppen/nordseebuera GO ices.dk/data/Pages/default.aspx

10%



Terrestrial observations




Terrestrial observations
e MY I

= - .
e
-

S| o

% o W e




4 Terrestrial observations
Hydrosphere

Mean runoff at Cologne Rhine river gauge since 1821
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A Figune 4, I-1; Daily, saus! 8ad decadsl mesn armofl (3 it ¥ gnce 1821 (part of the fime Seded

reconded at Cologne Riine river gauge and gaing back ta 1316 (M0 = mean rmaff)) (Souce: BIG, madified

frovm BAG and WY}

A Phota 4.1-2: Stalf gauge with Istovic food
marks at Andermach Rhine river gauge

Climate signals

Ancient civilisations already construct-
ed water gauges and documented the
observations made from them. This
was often a prerequisite for the exist-
ence of communities who depended

on the arganised and efficient use of
water as the basis of life. For example,
there exists a comprehensive, around
500-year long continuous time series of
annual Nile flood data from the third
millennium BC. In Germany, water level
measurements have been made since
the 18th century. The oldest and long-

est time series of waker levels are from

Magdeburg on the Eibe (since 1727)
and Disseldorf an the Rhine {since
1766). Apart fram some periodic vari-
ations, the runoff data from Cologne
Rhine river gauge (see Figure 4.1-1) do
not reveal any systematic long-term
trend. Howewer, this does not apply in
the same way to other German water-
courses. Especially the water flows of
rivers in catchment areas with strong
anthropogenic influence often show
trend-like changes.

00 2021
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4 Terrestrial observations - Hydrosphere
4.1 Runoff
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Legal framework

As a federal country and member of
the European Unian (EL), Germany is
subject to the EU's water regulations,
such as the Water Framewaork Directive
{WFD) and Floods Directive (FD), and
has to respond to federal concerns as
well as to those of the individual Ger-
man federal states. This is imple-
mented by the Federal Water Act
{WHG), which sets out opening clauses
for many of the regulations adopted in
the German federal states. Federal
navigable waterways, as well as their
water level and high water information
services, are regulated by the Federal
Waterways Act (WaStrG). The use of
collected data is regulated by the
Environmental Infarmation Act (UIG).

4 Photo 4.1-3: Radar-based lovel pauge ot
BorkasySudstrand with fow meatarem sat
Senps

QD bafg.de D dgj.de

D pegelportal.de

4 Terrestrial observations - Hydrosphere
4.1 Runoff

International context

The Global Runoff Data Centre (GRDC,
see 5.2), based in Germany, receives
runoff data from federal and federal-
state side for more than 336 stations to
feed the GRDC database {which now
also includes the stations of the former
European Water Archive of the UNESCO
EURO-FRIEND-Water research group).
The GRDC is the conduit for contribu-
tians to the Global Terrestrial Network
for River Discharge (GTN-R), jointly
funded by GCOS, the Global Terrestrial
Observing System (GTOS) and the
World Meteoralogical Organization's
(WMO) programme for Hydrology and
Water Resources (HWRP}. Selected
real-time data on water levels and run-
off are used for medium- and long-term
flood warnings by the European Flood
Awareness System (EFAS), based at the
EU's joint Research Centre in Ispra, Italy.

Required resources

The requirements for hydralogical stat-
istics is growing due to the ever-increas-
ing socio-political demands regarding
the informational value and political rele-
vance of hydrological information. To
this end, there is not only an urgent need
for having an adeguate base of data
available. It is also necessary to develop
and implement modern methods for
statistical analysis of hydrological data.
At the same time, adeguate resources
must be guaranteed.

QD pegelonline.wsv.de
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4 Terrestrial observations
Hydrosphere

Water abstractien for public water supply, industries and thermal power plants

\Water abstraction in bitians of m*
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A Figune 4. 2.1: Time seres of water abstraction for public water supply (green), mining and processing
industries {dark blvel and thermal power plants in biffons of oubic metres (Source: Destatis)

Trends

Over the past 30 years, the volumes of
water used by thermal power stations,
mining and processing industries as
well as for public water supply have
decreased by nearly 60 %. This is
because of technological progress, use
of systems of multiple use and recyc-
ling of water as well as orientational
political decision-making (»energy
tumarounde«).

Public water supply services pro-
vide about 99 % of the private house-
halds and small businesses with drink-
ing water, most of which is withdrawn
from groundwater. In 2019, the daily
demand in drinking water in private
households was around 128 litres per
inhabitant and day, which corresponds

to a reduction of 19 litres per person in
the years 1990 to 2019. However, this
development was not continuous. After
a decrease to 122 litres until 2007 and
stagnating figures until 2013, water
consumption has been increasing
again. This is primarily due to changed
consumer behaviour towards water
saving and to the growing spread of
domestic water-saving technology. The
temparary stagnation of the per capita
demand shows that the influence of the
long-term trend Is decreasing. A com-
parison between the federal states for
2019 has revealed cansumption figures
varying between 139 litres per inhabit-
ant and day in Hamburg and 93 litres
per inhabitant and day in Thuringia.
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4 Terrestrial cbservations - Hydrosphere
4.2 Water use

Legal framework

Water use in Germany Is ruled at an
averall federal level by the Federal
Water Act (WHG) of July 2009 (last
amended in july 2022), which imple-
Measurements in Germany i ! [ - n ng purp d return nearly ments the EU's Water Framewark Dir-
Data on w action by municip: t 18 m : amaunt after u cintot ective (WFD) and - along with subsid-

- iary national directives - regulates the
protection and management of ground-
water and surface water resources,
The aim of sustainable water manage-
ment in accordance with the WHG is
the preservation of the ecological
functions of water for the benefit of the
general public and in the interest of
individuals. Any use of water bodies,
including abstractian for different pur-
poses, requires an official permit. The
WHG defines which nationwide reguire-
ments apply; repensibility for their
enforcement lies with the authorities
aof the federal states.

Water resources and water use in Germany in 2018

Agriculture

0.2%
Public water supply

28% ﬁ

Mining end processing industries
29%
Thermal power plants
4.7%
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4.2 Water use

Required resources

It would be desirable to adapt the
frequency of national data polls to the
European demand for annual data.

D destatis.de O umweltbundesamt.de
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Deviation of groundwater |evels at 136 gauge sites in Germany from the 1971-2000 normal

4.3 Groundwater .

Groundwater meets about 74 % and thus the most important
part of drinking water supplies in Germany. Groundwater is
also used for irrigation and commercial purposes. In nature,
it is the basis for groundwater-dependent terrestrial eco-
systems and feeds surface water sources. Groundwater
recharge is dependent on the weather, which makes precipi-
tation supply a key indicator for climate-related changes.

In Germany, groundwater is subject to intensive quantitative
monitoring by the federal states.

Months {rrean number) deviating from
the 1971 - 2000 mormal
L
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W 1571-2000 mean of highest groundwater lewelispring deftvery ks exceeded
1571-2000 mean of iowest grounchwaser levelisseing deflvery s not reached

Exebieerched tanvge of monRorieg sites 6 from 1971 Data source: Groundweter »

A& Figure 4.3-1: Number of months (1961 -2018) in ah
have excepded or remained befow the 1971 - 2000 fo

Climate signals

In order to detect and record climate-
related changes in groundwater levels
in as spatially differentiated a manner
as possible, long-running time series
of comparable and representative
groundwater |evel data are required.

In 2019, as a cantribution to the maoni-
toring report for the German Strategy
for Adaptation to Climate Change (DAS)
prepared under an R&D project of the
German Federal Environment Agency
{UBA}, a small team tasked by the Ger-
man Working Group on water Issues

of the Federal States and the Federal
Government (LAWA) analysed the data
of 136 groundwater gauges across Ger-
many. The stations were chosen for
being affected as little as possible by

ring natwerks of the federsl stales

sl and [DWest mean groundwaler laviels
urce: U8A 2019)

anthropogenic influences and for being
representative of the upper aguifer and
uncanfined from the effects of atmos-
pheric pressure. The time series avail-
able on monthly data go back to 1971
at least and are widely continuous.

For each data serles, first the long-
term means of highest and lowest
groundwater levels were calculated,
then the deviation of the monthly
means (above or below the long-term
highest or lowest mean groundwater
level, respectively). Figure 4.3-1 shows
an increase in the number of months
with below-normal mean groundwater
levels as opposed to no obvious trend
for the manths with mean levels above
the long-term mean,
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The European Water Framewark Direct-
fve 2000/60/EC (WFD) and I;s'dil]ﬁhler.
the Groundwater Directive 2006/118/
EC c-s'.'.-n:- constitute the pﬂndpal: legal
foundation furgruundwa!ar-pmhectlm
'hﬁemmy At national level, the pro-
tection nfh:eqmﬂwaher is enshrined
in the Federal Water Act (WHG) and in
“the federal states’ water acts, The
practical implementation of quanti-

Measurements in learrrlamyr

rding gr

there are a

to pri-
erve, far

tative and qualltaﬂve monitoring and
the euau.laumdmewundwam

situation is ruled by the Groundwater

Ordinance. (GnW). In addition, regula-

tions an the mdp’raut pralzﬂ]m

products and fertilisers have been
adapted in response to evidence about
nitrate, pesticides and metabolites of
pesticides in groundwater.

GO bafg.de QO geoportal.bafg.de/ggina-portal

International context

The Federal Institute for Geosciences
and Natural Resources (BGR) is a
partner in the World-wide Hydrogeo-
logical Mapping and Assessment Pro-
gramme (WHYMAP), an initiative of
UNESCO and the World Meteorological
Organization (WMO). The aim of
WHYMAR, which is run in co-operation
with the International Groundwater

Resources Assessment Centre (IGRAC),

4 Terrestrial cbservations - Hydrosphere
4.3 Groundwater

Is the global mapping of groundwater
resources for use in a gecgraphic infor-
matian system where all groundwater-
relevant data are made available in
digital form. At the European level, the
infarmation network EUROWATERNET,
established by the European Environ-
ment Agency (EEA) in collaboration
with the European states, has beenin
operation since 1998,

Required resources

The technical prerequisite for providing
up-to-date data from representative
groundwater gauges already exists in the
form of the data portal »Pegelpartal=
operated by the federal states, Integra-
tion could be done with reasonable
effart via the administration interface
of the respective federal-state portals.
The data in question are unchecked
raw data from the last two or four
weeks, However, far use as an Essen-
tial Climate Variable (ECV), verified
time series are required, issued by the
hydralogical services. It would be
necessary to ascertain for each federal
state the input in terms of expense and
time as well as the framework con-
ditions required to enable an electronic
retrieval of these data.

OD pegelportal.de D un-igrac.org/regions/europe
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4.4 Lakes

According to the Federal Environment Agency (UBA), there
are more than 12,000 lakes in Germany. They serve as water
reservoirs and recreational spaces, and constitute important
habitats for plants and animals. For this reason, lakes were
already monitored bef the EU Water Framework Directive
(WFD) came into force. Due to their ecological and physical-
chemical characteristics, they provide important climate
indicators. Water level, water temperature, lake ice cover as
well as biclogical quality components such as phytoplankton

can be used to assess current climate-induced changes.

4 Terrestrial observations
Hydrosphere

Evolution of the water temperatures of selected lakes in Germany (1971-2018)

1250
[per certt
1200
115.0
1100
105.0
100.0
5.0
50.0

B5.0

Lk A mimer

&=
—

1973

Laioe CoNStance e Loke Tege! m——_akn Stechil  e——Rnnenmit

. nﬁlﬂ'!‘i.‘-}.‘ Evolution of mater temperatures shown as the ratio of anmual maans (hydrological yean)
to fpngediern meas (= 100 %) for the retpactive fake (Source; DWD, modified from the ritpective fpdao.

fogical services of the federal states)

A Pt 4.4.1: Western shove of the nature
reserye Krakpwer Obersee at the southern end of
Lake Krakow, Meckienburg-Western Pomerama

Climate signals

Given the lack of an explicit statutory
mandate, leng-term measurement
series are only available for a small
number of lakes in Germany. In add-
ition, some years are missing in the
existing series due to a lack of inkerest,
funds or staff, or for administrative or
technical reasons. The data gap at the
MOritz (1992 -1997) results from the
rearganisation of water management
structures in the east German federal
states following the political changes of
the German reunification. Figure 4.4-1
shows the annual means of water tem-

perature over the hydrological year
(1.11.-31.10.) for selected lakes in
Germany. They have not been calcu-
lated as absolute value butin relation
to the long-term mean (1971-2018)

(= 100 %). Therefore, values above 100
indicate that the temperature mean of
the respective year exceeds the lang-
term mean, Figure 4.4-1 demanstrates
that, although each lake must be con-
sidered individually, developments
over the years are largely parallel. All
time series since the middle of the
19905 show an increasing trend.
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4 Terrestrial cbservations - Hydrosphere
4.4 Lakes

Legal framework

The protection of German lakes is
enshrined in the Federal Water Act
(WHG) and in the federal states’ water
acts, all of which include the imple-
mentation of the EU Water Framework
Directive 2000/60/EC into national

law. The minimum reguirements for
recarding and assessing the ecological
and chemical states of lakes are laid
down in the German Surface Waters
Regqulation (OGewV ). Howewver, the
recording of the Essential Climate Vari-
able (ECV} Lakes (water level, tem-
perature, ice cover, water extent) is not
directly governed by law, which is why
long-term and complete data series
are not or only rarely available,

International context
At European level, there exists the
infarmation network EUROWATERNET,
established in 1998 by the European
Environment Agency (EEA) in co-
aperation with the European states.
Since 2020, the work of the GCOS
Secretariat has been supported by the
EU. It has thus been possible to draw
an the infrastructure and services of
the Copernicus Earth observation pra-
gramme, especially with regard to
remote sensing products. For the WFD
monitoring, data on the ecological and
chemical states of lakes can be ac-
cessed throughout Europe via the Water
Information System for Europe s m
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(L1
{WISE]}. In addition, the data centre
HYDROLARE provides a global data-
base for around 550 lakes throughout
the world. HYDROLARE alsa receives
the data from Hydroweb, which con-
tributes satellite-based continuous
long-term series of water levels for
80 lakes of more than 100 km< as well
as for the 20 largest rivers worldwide,
An international research team

tute, USA (RP) in co-operation with
the IGB analysed a total of more than
45,000 oxygen and temperature pro-
files of almost 400 lakes throughout
the world. The results show that the
oxygen content in the lakes monitored
has decreased since 1980 by 5.5 % at
the surface and by 18.6 % in the deep
Zones.

o Phota 4, 4.2: Boat, laden with sampling
BRwpmend, al the Tiefwaranses, Mackfanburg-
Wastern Pamarania

led by the Rensselaer Polytechnic Insti-

4 Terrestrial cbservations - Hydrosphere
4.4 Lakes

Required resources

Real-time water levels and tempera-
tures of lakes are already available via
the federal states’ water level portals
and can also be accessed via the app
»Meine Pegel=, The app publishes
unverified raw data from the previous
two (or four) weeks. In order to be used
as ECV, longer verified time-series
would be needed from the hydrological
services. |t would be necessary to ascer-
tain for each federal state the input in
terms of expense and time as well as
the framework conditions required ta
enable an electronic retrieval of these
data.

D geos.wmo.int/en/essentlal-climate-variables/lakes CD https://gewaesser-bewertung.de

GO water.europa.ey QD d-copernlcus.de GO pegelportalde G2 hochwasserzentralen.info/meinepegel

D hydrolare.net

D theia-land.frlen/hydroweb (D igb-berlin.de/en/news/global-warming-lakes-lose-too-much-oxygen
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4.5 Snow cover

Snow cover is a major factor influencing the climate. There-
fore, the parameters snow depth and new snow depth as
well as the related parameters type of snow cover, state of
soil and water equivalent are of particular interest and
importance in the context of tourism, water management
and transport as well as for estimating snow loads in the
construction sector:

4 Terrestrial observations

Cryosphere
Snow cover days in Munich (1902-2020)
80 -
60 -
E P e e g
20 -
o T I ! 1 T 1
1520 1540 1960 1980 000 2020
= = = |Long-term mean (1902-1931): 41.5 days.
Smtipndgta  eeees Lng-term mian (1991-2020): 32.5 days.

A Figure 4.5-1: Snow cover days in the metecradogical winter (December, January, February) at Mumich
weather statlon from 1902 o 2020 Source: DWE)

Climate signals

Against the backdrop of global climate
warming, most stations have recorded
a decrease in the duration of the snow
cover season, but with large variations
from year Lo year depending on the
total amount of precipitation, which by
its nature is also highly variable. The
few outliers that may occur have no
effect on the general trend towards
less snow cover, especially in the last
decades.

Legal framework

The Deutscher Wetterdienst Act
(DWDG, Section 4) gives the DWD the
respansibility for short- and long-term
observation and registration, monitor-
ing and evaluation of meteorological
processes and of the structure and
composition of the atmosphere, as well
as far the aperation of the required
measurement and observation sys-
tems.

According to DWDG Section & and
to the Ordinance Setting the Terms of
Use for the Provision of Federal Spatial
Data (GeoNutzV), the measurement
series recorded at DWD stations are
made available as open data.
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4.5 Show cover

International context
The synoptic reports from 180 stations
are disseminated worldwide on a rou-
tine basis. For a selected number of
In addi ies these stations, monthly climatological

2 infarmation is made available in the
form of CLIMAT reports. The stations at
Frankfurt, Hamburg, Hohenpeissen-
berg and Lindenberg are part of the
GCOS Surface Network (GSH).

1935. C
higher &

Required resources

The measuring and observation net-
work of the DWD has by now been
changed almost completely to auto-
mated observation. The operation of
the existing measuring stations can
generally be considered as secured.

the !
explore th

@D cdc.dwd.de/portal D opendata.dwd.de/climate environment/CDC
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4.6 Glaciers and permafrost

The results of alpine glacier research show clear evidence of
‘climate change. Whereas the glacier retreat during the first
half of the 20th century can be related to non-anthropogenic
influences, the rapid decline over the past 40 years proves
the influence of humankind on glaciers and climate, with
consequences also for permafrost in mountain regions.

Time series of geodetically determined mass balances of the fiva Bavarian glaciers and
Vernagtfarnaer in Austria
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NSF = Northam Schessfener S5F = Southem Schiaeleme HTF = Hobartallemer WMG = Watzmans Glacisr

BE = Blaueis (near Berchiesgaden] ¥F = Vemagtiemer [Austria)

W Wast gain W Mass loss

& Figurg 4,6-1; The bars ropresent the average mass change por yoar (R mm wator quivaient par
year} for the given perod, caltwlated from aftitudinel variations fm@a) by applying a mean ice densily of
900 kgn? A period of mass gain (blue bars) i cleady visible in the second half af the 20th century,
peripgs of ice mass loss jred bars) are alsp recognisable, one after 1889 and a second one after 1990,
There is also 3 close-to-balance period for Blauels between 1589 and 1924, The bottom fine shows the
values for Vesmagtfsrnar in the Ofzta! Valley, Austria fee 6.2), {Sourcs: LU Bayern)

A Phota 4, 6-1; Zugspits Plateay with Northern
Schneeferner {August 2001}

Climate signals
The mapping of the Bavarian glaciers, glaciers are observed using the »geo-

which is needed for determining the detic method«, based on the difference
geodetic mass balance, started in 1889  between two elevation models from
for Blaueis, in 1892 for Narthern and different epachs for guantifying the

Southern Schneeferner and in 1897 for  volume change. While Blaveis is the
the Watzmann Glacier. The shortest narthernmost glacier, Watzmann Gla-
period of observations is available for cier has the lowest mean altitude at
Hillentalferner, starting in 1949. All 2.060 m a.s.l. (Mayer et al. 2021).
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tionally

A Figure 4.6-2: Map of Bavarian glaciers
monitored by the KEG [Sowre: LU Bayern)

All glaciers in Bavaria have experi-
enced an extreme mass loss since the
end of the 19th century, Since then,
the glaciated area has reduced from
2.5 million m?2 to less than 0.45 million
m2, a reductian of about 82 %. During
the observation period 2009-2018, the
mean thickness decreased by about
7.6 m (—=46 %), which relates to a mass
loss of almost 66 % (Mayer et al. 2021).
These changes correlate well with
observations at other glaciers of the
eastern Alps {see 6.2) and with the
observed increase in the mean summer
{JJA) temperature at the summit of
Zugspitze by about 2 °C during the last
40 years.

4 Terrestrial observations - Cryosphere
4.6 Glaciers and permafrost

A climate indicator {(highest value of
the daily average temperature meas-
ured by the sensor during the metearo-
logical year in 23.65 m distance from
the south side} was introduced to docu-
ment the development of the perma-
frost. This value has increased by about
0.4 K during the last decade, fram
=1.14 *C (2011) to =0.73 *C (2020).

Legal framework

The Geodesy and Glaciology group
(KEG) of the Bavarian Academy of
Sciences and Humanities (BADW) is the
only national inskitution that studies
the evaolution of German glaciers over
the lang term. The legal framework for
their work comprises Sections 2 {1 to 3)
and 19 (2} of the statute of the BAdW.
The observation of permafrost falls
within the legal competence of the
Bavarian Environment Agency (Law on
the Bavarian Environment Agency
(LFUG), Section 1).
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International context

The results of glacier measurements
made by the KEG are regularly pre-
sented in the two maost important pub-
lications for glaciological monitoring
data. These are issued by the World
Glacier Monitoring Service (WGMS) in
Zurich, Switzerland, and by the Institute
of Arctic and Alpine Research (INSTAAR)
or the Mational Snow and Ice Data
Center (NSIDC} in Boulder, USA. The
German results are thus made available
to the key international organisations:
UNER, WMO, UNESCO and ISC. Very
close co-operation exists with the uni-
versities of Innsbruck (Austria), Zurich
{Switzerland} and Milan (Italy}. Joint

A Phpts 4.6.2: Sampling of stow
for determination of snow cover density
in spring

D Hfu.bayern.de/geclogie/permafrost/index.htm OO geo.badw.defen

4 Terrestrial observations - Cryosphere
4.6 Glaciers and permafrost

research projects are in place together
with national and international groups
in High Mountain Asia. The areal perma-
frost surveys were carried out by the
LfU Bayern in co-operation with uni-
versities, agencies and governmental
departments in Austria, Switzerland,
Italy and France within the framework
of the Bavarian PermaNET-BY. Oper-
ation of the permafrost observation
station at Zugspitze summit takes place
within the consortium of the Environ-
mental Research Station Schneeferner-
haus (UFS).

Required resources

The glaciological work at the BADW is
currantly financed by the State of
Bavaria through institutional funding
and in addition by external project
funds (e.g. German Research Founda-
tion {DFG), Bavarian State Ministry of
Environment and Consumer Protection).

D bayerische-gletscher.de
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Trend in selar surface irradiance in Wm¥'decade {SARAH-2.1 with ICDR, 1983 -2020)
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A Figure 4.7-1: Trand in solar surface irradiance aver Europe (1983 -2020) i Wimddecade resulting from
forg-term changes in effective cloud atbedo (Sowrce: CM SAF)

Climate signals

The EUMETSAT Satellite Application
Facility on Climate Monitaring (CM SAF,
see 5.8) currently affers a time series
for surface albedo (SAL) and effective
cloud albedo (CAL) covering more than
three decades. CAL and SAL are also
available via the EUropean Reanalysis
and Observations for Monitaring
(EUROAM) project. Long time series
enable trends and extremes of surface
albedo to be analysed, which, in Ger-
many, are generally related to vari-

ations in winter snow cover. This may
be the reason why no clear trend in
surface albedo can be discerned. The
analysis of seasonal SAL trends is
therefare probably mare appropriate in
central Europe. The three arid summers
in 2017, 2018 and 2019 might be a clear
indicator far a climate change and a
patential increase in arid summers
could lead ta increasing trends in SAL,
which should be considered within the
analysis of the climate system. s n 2
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availability, archiving, documentation
and release of meteorological and cli-
matological spatial data and services.
Both these tasks are in accordance with
Section 4 (1) (4 and 8) of the Deutscher
Wetterdienst Act (DWDG). Detailed work
plans and task specifications are set
out in accordance with these aims in a
five-year contract between EUMETSAT
and the DWD, with the participation of
the concerned partner organisations of
the CM SAF,

Measurements in Germany and
in Europe

4 Terrestrial observations - Biosphere
4.7 Albeda

International context

The products and procedures of the
CM SAF not only serve the aims of
GLCOS but are also relevant for other
international programmes, such as the
Waorld Climate Programme {WCP) and
the World Climate Research Programme
(WCRP). They are essential for the
activities undertaken by the Group on
Earth Observations (GEQ) and under
the Copernicus Earth observation pro-
gramme. The CM SAF is also involved
in European initiatives, for example
the European Space Agency's (ESA)
Climate Change Initiative, and in sev-
eral ather EU projects (for example
EURO4M).

Required resources

A general problem consists in the lack
of scientific capacity for analysis of the
incoming data sets. This is essentially
due to a lack of basic funding for uni-
versity appointments, which makes
sustainable research almost impossible.
Creating a long time series for albeda
from satellite data would require abgut
48 person months, as well as several
terabytes of digital storage capacity. A
ane-off analysis of the data set would
require around a further 48 person
manths.



Climate signals

The amaunt of carban remaining in
the soil in the form of organic matter
depends on temperature and water
availability. Accordingly, climate and
climate change have a great impact
on the size and development of car-
ban stocks. Larger changes in the vol-
ume of carbon stored in soil due to
release of carbon dioxide or methane
into the atmosphere can, in turn, have
a significant impact on the climate. In
Germany, carbon stocks were extra-
palated and annual change rates calcu-
lated from data collected for national
forest sail surveys (in German referred
to as BZE-Wald). Accordingly, the
MNational Inventory Report far the Ger-
man Greenhouse Gas Inventaory relates
an annual change in the carbon stocks
of 0.41 = 0.11 tonnes (Grineberg et al.
2014). Although the data on changes
in carbon reservoirs were presented

in the national inventory reparts, thay
were not taken into consideration

for the stocktakes. Based on current
knowledge, it is problematic to ensure
continuous updating of the data. The
upcoming third national forest soil sur-
vey, BZE lll-Wald, is expected to pro-
vide new insights into changes in soll
carbon from 2026 onwards. No trend
has yet been identified resulting from
the German national survey for agri-
cultural soils, BZE-LW, which so far has
been conducted juskt ance.

4 Terrestrial observations
Biosphere

Legal framework

The national forest soil inventories
were established as an outcome of the
debate about damaged forests at the
end of the 1980s and have since
become an integral part of forest maoni-
toring. In accordance with the federal
structure of Germany, responsibility for
data collection lies with the federal
states, which transmit the data to the
Thiinen Institute of Forest Ecosystems
for evaluation at national level. Last
amended in 2010, the German Federal
Forests Act (BWaldG, Section 41a) pro-
vides that, with the consent of the fed-
eral states and by way of statutory
instrument, the Federal Ministry of
Food and Agriculture {BMEL) may col-
lect data on the nutrient supply and
pollution of forest soils. The corres-
ponding ordinance authorising the third
BZE Ill-Wald survey was decreed in
2020. There are no legal regulations
gaverning the counterpart far agricul-
tural soils, but it has been agreed with
the BMEL to task the Thdnen Institute
of Climate-Smart Agriculture with the
execution of the respective survey.
Under the terms of the United Mations
Framework Convention an Climate
Change (UNFCCC), Germany has com-
mitted itself to report on anthropo-
genic sources and sinks of greenhouse
gases as well as on changes in soil and
biomass carbon stocks {UNFCCC Art-
icles 3.3 and 4.1). This commitment
also applies to soils used for agricul-
tural purposes. The international regu-
latory framewaork of the Intergovern-
mental Panel on Climate Change {IPCC)
requires countries to provide data

an the main carbon sources. In s m s
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Germany, this includes data on soils
used for agriculture and forestry as
well as data on built-up areas and car-
responding land use changes. Ger-
many's national forest soil inventories
also contribute to the reports under
the International Co-operative Pro-
gramme on Assessment and Monitor-

Measurements in Germany
Th : | f
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4 Terrestrial observations - Biosphere

4.8 Soil carbon

ing of Air Pollution Effects on Forests
(ICP Forests) of the United Nations Eco-
namic Commission for Europe [UNECE).
In addition, it provides information
required for implementing the Federal
Soil Protection Act (BBodSchG) regard-
ing the prevention of harmful soil
changes (in particular Section 9).

International context

At European level, a subsample of

data collected for the national forest
s0il inventories on a 16 % 16 km grid

is examined in a comparative analysis
under the |CP Forests programme. The
methods to be applied for data collec-
tion are set out in a manual (UNECE ICP
Forests 2016}, Camparability of data

is guarantead by regular participation
in international ring tests. The Parties
to the UNFCCC are running inventory
and manitoring programmes that are
partially comparable to this. However,
there is no internationally standardised
methodology. The Land Use and Cover-
age Area frame Survey (LUCAS) carried
out for Europe also provides uniform
baseline data on soil carbon stocks.
The aim of this project is to create a
harmanised data set an land cover and
land use within the European Union.

Sa far, four surveys have been carried
aut, with several adjustments made to
the parameters collected and, in some
cases, to the location of the sampling
sites and the sampling methads. Com-
parability of the different data sets as
well as cross-border evaluation are
therefore anly possible with restrictions.
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A Figare 4.5-2: The diversity of sols is reflected
in the different propecties and special fenetional
ities resulting from bedrock, surface of the land-
scape, cimate and vegedation. Solls therefore are
a gaod indicator of aur ervironment as they store
and fiter substances, protect drinking water and
GIE DA ground on witich [reas, plants amd animals
grow and live. (Sowrce: Thimen fstitute of Forest
Ecosystems)

O umweltbundesamt.de/publikationen/bodendaten-in-deutschland-0

GO thuenen.de/de/fachinstitute/agrarklimaschutz/projekte/bodenzustandserhebung-landwirtschaft-bze-Iw

OO thuenen.de/de/fachinstitute/waldoekosysteme/arbeitsbereiche-neu/bodenschutz-und-waldzustand/bodenzustandserhebung
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Evolution of carbon stocks in tha living biomass
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A Figure 4.9-1: Camon SE0Cks and carbet-siack CRANges in the belaw- and shave-ground forest Biomass
for 19871993, 2002, 2008, 2012 and 2007 {Sourcé: T

Climate trends
In order to comply with international
treaty obligations, Germany must once
a year produce a Mational Inventory
Report (NIR) for the German Green-
hause Gas Inventary. This annual
repart documents the evolution of the
carbon reservoir sabove-ground bio-
masse, Estimates of the above-ground
forest biomass are based on data of
the national forest inventories [BWI)
and the intermediary carbon inven-
tories. The changes ocbserved from one
inventory date to the next provide
infarmation on the carbon evalution.
Data collection far the BWI 2022
has started in the spring of 2021 for
completion in late 2022. It will be fol-

A Piiota 4.9-I: Invantery feam colacting data
for a national favest inventory

lowed by a validation of the collected
data and the derivation of additional
parameters. Data will be aggregated
according to a wide range of classifica-
tion features as well as for different
spatial units of reference. Results are
expected to be published in 2024.

We know from the national forest
inventaries and other forestry inven-
tories that since the Second World War
there has been a continuous increase
in the biomass stocks and therefore
also in the above-ground biomass in
German forests. At 2.07 billion tonnes,
they have currently reached a record
level, with the carbon share amaounting
to 50%.
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International context

Almost every country in the European
Union carries out sample-based
national forest inventories. The
increasing necessity for independent
inventaries became clear to the various
states in the second half of the 20th
century for different reasons. This is
why the forest inventaries are struc-
tured differently and certain param-
eters are not defined uniformly. In
order to avercome these differences
and provide comparable results at a
Eurapean level, the natianal institu-
tions in charge of carrying out the
inventories have joined farces. Under
the umbrella of the European National
Forest Inventory Network and, together
with the European Union, they are
pushing ahead projects aimed at har-
monising the inventary dates.

4 Terrestrial observations - Biosphere
4.9 Above-ground biomass in forests

Required resources
The German National Forest Inventory
is a joint effort of the German Feder-
ation and the federal states. The Fed-
eration co-ordinates the survey. It is
responsible for the sampling techniques
and training events and for evaluating
the inventary data. The federal states
are responsible for the data collection.
The Federation provides the public with
online access ta the results at both
levels, Federation and federal states.
The third Mational Forest Inventary
2012 cost 21 million euros, of which
& million were funded by the Federation
and 15 million by the federal states.
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Annual number and extent of forest fires in Germany (1977-2020)
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A Phote 4.10-1: Farest fire noar Ossendorf on 20007.2006
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Climate signals

With some limitations, information on
combustibility of vegetation, climate
impact, speed of response and effi-
ciency of prevention measures (Le. the
success or fallure of early warnings,
fire detection and firefighting) can be
extracted from long-term records of
the number of forest fires and extent of
burned areas. Furthermore, long-term
data sets of forest fire indices, which

rate weather-dependent combustibility
aof forest floors, are needed for a mare
comprehensive climatological interpret-
ation. The indices are calculated using
fire-danger rating models populated
with metearalogical data relevant for
forest fires {e.q. air temperature and
humidity, wind, precipitation, snow
depth as well as short- and long-wave
radiation). The frequent occurrence « & =
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Forest fires in 2019
108
Humbar B Extentinha
]

Measurements in Germany

of a very high number of fires with large
extents of burned area can be a sign of
deficits in the technical equipment of
firefighters and a proof of the necessity
to restructure farest fire suppression
activities, initiate forest conversion
measures and improve early-waming
models.

International context

In accordance with the specifications of
the European Forest Fire Information
Systemn (EFFIS), all farest fire data from
maoderately ta highly fire-prone regions
of Germany are reported to the joint
Research Centre {JRC) of the European
Commission (EC} in Ispra, |taly, once a
year, At this science hub of the EU, the
data provided by the Member States
are reprocessed, quality-checked and
merged into European forest fire stat-
istics. Based on these data sets, a
European regional risk classification is
made in order to manage financial
suppart for forest protection. In add-
ition, EFFIS data are used for model
validation.

Independently of EFFIS, infarmation
on the forest fire situation in Germany
is published on the website of the
Global Fire Monitaring Center (GFMC) in
Freiburg, Germany.

4 Terrestrial observations - Biosphere
4.10 Forest fires

Legal framework

According to article 70 of the German
Basic Law, responsibility for fire protec-
tien and emergency management lies
with the federal states. Their laws on
fire pratection regulate how ta contral
fire hazards while forest laws enable,
for example, the banning of open fires
and entry into forests when the danger
of fire is high. Special regulations rule
the burning of plant waste and con-
trolled preventive burning of fields. In
accordance with various bilateral
administrative agreements, the Deut-
scher Wetterdienst {DWD) provides
forecasts of fire weather danger.

Required resources

The registration of statistical informa-
tion on forest fires is done at local and
regional level by forest authorities and
fire departments as part of their rou-
tine work. Responsibility for the com-
pilation, presentation and distribution
of data lies with the Federation, the
costs are borne by the Federation and
the Federal States. The funds required
are considered as secured. The costs
for meteorological forecasting of forest
fire danger are borne by the DWD.
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Daily rainfall data compared to simulated and measured sol| water content at Midncheberg

experimantal plot {1993-2001)
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Climate signals

Continuous measurement of soil mais-
ture using automated instruments has
been possible since about 1991. The
range varies from time domain reflect-
ometry {TDR} as well as frequency
domain reflectometry (FDR) sensor
systems for local profile measurements
and their interlinking via wirelass net-
works for recarding the spatial distribu-
tion of soil water reservoirs (Versecken
et al. 2015) through to technigues such
as cosmic-ray neutron sensing (CRNS)
enabling integral, high temporal reso-
lution measurements of areal averages

for near-surface soil moisture within a
radius of 150-250 m (Nguyen et al.
2019). A summary of the current state-
af-art of this measurement technique
can be found, for example, in Babaeian
et al. (2019) and Nasta et al. (2020).
Cantinuous measurement series of soil
maisture are important for the further
development and testing of soil mais-
ture budget models (Wegehenkel et al.
2019} and for testing the soil madule of
the DWD's weather forecasting madel
COSMO-DE (Figure 4.11-1).
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Legal framework
The activities of the Deutscher Wetter-
dienst (DWD) in the field of soil mois-
ture monitoring are enshrined in the
Deutscher Wetterdienst Act (DWDG).
Long-term maonitaring of soil moisture
in agricultural and forest areas is car-
ried out in accordance with the provi-
sions of German soil protection law and
regulations of the European Unian,

Measurements in Germany

4 Terrestrial observations - Biosphere
4,11 Soil moisture

International context
Internationally, area-covering soil mois-
ture analyses lie in the responsibility of
the EUMETSAT Satellite Application
Facility on Suppart to Operational
Hydrology and Water Management

(H SAF). Measurement series and data
fram experimental and permanent soil
observation plots in Germany and
neighbouring countries are increas-
ingly gathered by data centres such as
affered by BonaRes (see link below).
Many in-situ data on soil maisture are
also pooled by the International Soil
Maisture Network (ISMN), initially set
up by the TU Wien but now maintained
and administered by the German Fed-
eral Institute of Hydrology (BFG). Fur-
thermore, in-situ measurements using
the CRNS technology are interlinked
across Europe through the COSMOS-
Europe network {Bogena et al. 2022).
Further information on the climate vari-
able Soil maoisture can be found on the
GLOS website (see link below).

Required resources
Measurement and evaluation of sail
maisture data reguires considerable
material and human resources.
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Beginning of flowering of hazel in Geisenheim since 1950
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A Figure 4, J2-1: Temporal evolution of the beginning of fasel fowering in Geiseaheim since 1950

(Source: DWD)

Climate signals

Amang the stations contained in the
phenological database of the Deut-
scher Wetterdienst (DWD), 474 have
records of observations cavering mare
than 50 years, 164 stations even cover
mare than 60 years (between 1951
and 2020). However, the existence

of records over several years does

nat imply that all of the phases have
actually been observed on a continu-
ous basis. In some cases, it was pos-
sible to reconstruct data before 1951
from historical records. Same of the
phenological abservations recorded at
Geisenheim station on the river Rhine
go back to before 1896. These show a
marked shift towards earlier flowering
times over the past 60 years.

Legal framework

According to the Deutscher Wetter-
dienst Act [DWDG, Section 4}, responsi-
bility for, amang others, the operation
of observing systems for recording
meteoralogical processes and for the
registration of interactions between
the atmaosphere and other areas of the
environment lies with the DWD.
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from the DWD to the Humbaoldt Univer-
sity in Berlin, The DWD was substantially
involved in the initiation of the European
Cooperation in Science and Technology
praject COST725 in 2003, whose main task
was to establish a European-wide refar-
ence database of phenaological abserva-
tions, The DWD also participates in the

ce ta farmer

hese monitor
the Met

ght

| phases, thereby

dised

4 Terrestrial observations - Biosphere

4,12 Phenology

follow-up project, the Pan Eurgpean
Phenology database (PEPT25), which
was set up by the Austrian Central
Institute for Metearclogy and Geody-
namics {ZAMG], the Austrian Fed-

eral Ministry of Science and Research
and the Economic Interest Grouping
of European National Meteorological
Services (EUMETNET). The main aim
of PEP725is to promote and support
phenological research by providing an
annually updated pan-European data-
base with unlimited open access to
phenalogical data for science, research
and training (Templ et al. 2018).

Required resources
The phenological menitoring network
relies largely on volunteers, However,
their number has declined continuously
over past decades to currently about
1,120 honorary observers. In order to
continue ta benefit from people's will-
ingness to assume honorary posts of
this kind, appropriate publicity meas-
ures are required. The IPG monitoring
network is also run by volunteers.
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5.1 Global Precipitation
Climatology Centre

By operating the world’s largest archive of quality-controlled
monthly in-situ precipitation observation series, the Global
Precipitation Climatology Centre (GPCC) has built up a unigue
and worldwide renowned capacity for the global monitoring
and analysis of land surface precipitation. The GPCC, which
is operated by the Deutscher Wetterdienst (DWD), offers a
number of different analysis products tailered to various
requirements of its users, such as the Full Data Monthly V.2020
data set (since 1891). In 2012, the GPCC extended its pro-
cessing act from monthly data to include the analysis
of daily precipitation data. Since then, daily precipitation
products have also been on offer, such as the Full Data Daily
data set (since 1982). All GPCC precipitation products are
freely available on the Internet and are the reference for a
wide spectrum of hydro-climatological applications.

5 International data centres .

Data respurces for the different GPCC products over the last 130 years

Data base GPCC's Products
(Total number of stations used, status Aug. 2021)
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50,000

Full Data
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A Figure 5.1-1: The different colows (fustrate the reguiary issued products First Guess (PG and Moni-
toring Product (MP) a5 well 83 the continuouily orowing dads résouces far the Full Data Monathly produet
from version 3 to & and ¥ 2020 (released in 2005, 2008, 2010, 2021, 2015, 2018 anc 2020, respectivety).

iFourca: CwWo)

Significance for GCOS

As quantitative assessments of the
alobal water cycle require a reliable
diagnosis of global precipitation, the
Waorld Meteorological Organization
{WHMO), upon recommendation by its
technical commissions, started the
Global Precipitation Climatology Project
{GPCP) as a contribution to the Global
Energy and Water Exchanges (GEWEX)
project of the Warld Climate Research
Programme (WCRP). Given the impedi-
ments that exist for satellite-based

remaote sensing of precipitation over
land due to ambiguities in the observed
signal, the GPCC has a mandate to gen-
erate, based an the in-situ observations
exchanged through the WMO's Global
Telecommunication Systemn (GTS), a
maonthly gridded precipitation monitor-
ing product. The GPCC fulfilled the
requirements stipulated in the WMO's
Technical Document WMO/TD No. 367
in such a skilful way that it became a
permanent component of the 1992- s m
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International context
The GPCC monitors the global climate
for the atmospheric Essential Climate
Variable (ECV) Precipitation. It also
contributes ko GCOS and to the Global
Terrestrial Observing System (GTOS),
which is co-sponsored by the WMO, the
United Nations Educational Scientific
and Cultural Organization (UNESCO),
the International Science Council (15C),
the United Mations Environment Pro-
gramme (UNEP} and the United Nations
Food and Agriculture Organization
(FAQ). Through its monthly Monitoring
Global measurements Product, the GPCC is a long-standing
o0N partner in the above-mentioned GEWEX
: project of the WCRP. In addition, as
a reliable supplier of station-based
reference precipitation products, the
GPCC is also a key partner in the Inter-
national Precipitation Working Group
{IPWG), a joint working group of the

120E 180

o EOE

23 73 100 150 200 300 400 600 BOO 100D
GPCC Precipitation Narmals - station distribution - for JULY after recalculatian in autumn 2020

@ GFCC 2030712710, umiber of grages: 84,517

5 International data centres

5.1 Global Precipitation Climatology Centre

WMO and the Coordination Group for
Meteorological Satellites (CGMS),
Founded 40 years ago, the latter is an
association comprising all satellite-
operating agencies and has the aim

of ensuring the comparability of the
measurements across the various plat-
forms in orbit. The GPCC's preliminary
First Guess product is utilised by the
FAQ far the purposes of drought warn-
ing. The global Full Data products serve
the agendas of the Intergovernmental
Hydrological Programme (IHF) of
UNESCO and the WMO's Hydrolegy and
Water Resources Programme (HWRP).
The homogenised YASClimo V1.1 data
set and its successor HOMPRA {Hom-
ogenized Precipitation Analysis) are
suitable for climate research in the
field of global precipitation trend analy-
sis for recent decades (CLIVAR, IPCC).

Required resources

The continued aperation of the GPCC
at the DWD since 1389 demonstrates
the sustained character of the engage-
ment. No change in the status quo is
currently foreseeahble,

0D gpcec.dwd.de
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5.2 Global Runoff Data
Centre

The Global Runoff Data Centre (GRDC) holds mean daily and
monthly river discharge data for currently more than

10,000 stations globally. These data are collected and held
available in direct support of the climate-related programmes
and projects of the United Nations system and the inter-
national research community working on climate change and
cross-boundary water resources management.

5 International data centres

Availability of historical discharge data in the GRDC database

A Figure 5.2-1; The discharpe data are availabie in aifferent formats through the GROC data portal,

(Fgurca: BIG)

Significance for GCOS

River discharge plays an important role
in driving the climate system as the
freshwater flow to the oceans may
influence the global thermohaline circu-
lation. River discharge is a reflection

of changes in precipitation and evapo-
transpiration as well as of changing
land use. Consequently, the statistical
behaviour of river discharge serves as
an indicator for climate variability and
climate change. River discharge data
are also reguired for the calibration
and validation of global climate and
impact models and for trend analyses
and socio-economic investigations.

Manthiy records of river discharge are
generally sufficient to estimate contin-
ental runoff into the ocean. The statis-
tical analysis of river discharge data
and impact evaluation of extremne
events require data at daily resolution.
The GRDC has established a network af
river discharge stations near the down-
stream ends of the largest rivers of the
world. Today, this netwark, known as
the Global Terrestrial Netwark for River
Discharge (GTN-R) forms the baseline
netwaork for GCOS and the Global Ter-
restrial Observing System (GTOS).
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International context
The GRDC was farmally established in
1988 at the Federal Insti of Hydro-

national Assoclation of Hydrological
Sciences (IAHS) and partner data centres
advising it on the basic orientation of its
work. WMO Resolutions 21 and 25 (WMO
Congresses XIl, 1995, and X, 1999,
respectively) mandate the GRDC to cal-
lect river discharge data at global level in

ices of the World Meteor
ian (WMO). it German
tion to the Warld C
1 af the WMC

Global measurements

10,702 GROC stations with morthly data, incl. data derived from dally data (Status: 18 May 2022} 2
Giobal Runoff Data Cenire, Koblerz &) CRDC #

D grdc.bafg.de

5 International data centres
5.2 Global Runoff Data Centre

a free and unrestricted manner and in
close co-operation with national hydro-
lagical services. At its Eighteenth Con-
gress (Cg-18), the WMO endorsed this
constantly growing collection of river
discharge data and related station
metadata, including it as one of the
first data sets in the WMO's Climate
Data Catalogue. The GRDC contributes
its river discharge data to a number of
international research programmes,
such as the Glebal Energy and Water
Exchanges Project (GEWEX) and the
Climate and Cryosphere (CIIC) project
of the WMO's World Climate Research
Programme (WCRP). Through its con-
tribution to the Global Terrestrial Net-
work for Hydrology (GTN-H), the GRDC
is linked to the Global Earth Dbserva-
tian System of Systems (GEQSS).

Required resources
Responsibility for running the GRDC
lies with the BfG. This means that the
funding of the GRDC's care functions is
secured. Additional resources are
required to extend data acquisition
activities, to further develop the GTN-R
baseline network and to develop the
full potential of the GRDC and its rele-
vance to the scientific community
working on climate variability and
global change.

GD portal.grdc.bafg.de



5 International data centres

5.3 World Radiation i ——
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A Phoday 5.3-1: Dome oF 3 pyranometers

Significance for GCOS

In 2004, the BSRN/WRMC was desig- m validating and evaluating satellite-

nated as the =global baseline netwark based estimates of the surface radi-

for surface radiation= for the Global ative fluxes

Climate Observing System (GCOS). The  m verifying the results of global cli-

high-quality, unifarm and consistent mate maodels {GCMs).

measurements throughout the BSRN

network are used for The BSRN/WRAMC started in 1992

B maonitoring the short-wave and long-  with nine stations. By May 2021, maore
wave radiative compaonents and than 12,200 station-months of data from
their changes with the best methods 74 stations (active: 58, closed: 16) all
currently available aver the world were availableinsn s
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5 International data centres
5.3 World Radiation Maonitoring Center

the archive (see link at the end).
Although the WRMC was originally

designed especially for the needs of
climate researchers, the archive is
being used more and more in the con-
text of renewable energy research.

Global measurements
-160° -120°

International context

The BSRN/WRMC was initiated by the
Waorld Climate Research Programme
and contributes to the climate model
assessment activities carried out
within the WICRP's Global Energy and
Water Exchanges (GEWEX) project. It is
affiliated to the GEWEX Data and
Analysis Panel (GDAP) and part of the

D bsrn.awi.de

GLCOS network. The BSRN renewed its
commitment to participate in the activ-
ities of GCOS in 2022 and has been
redesignated as GCOS-recognised net-
work for global surface radiation meas-
urements. Already in 2011, the BSRN/
WRMC and the Metwork for the Detec-
tion of Atmospheric Composition
Change (NDACC, see link at the end)
formally agreed ta form a ca-operative
network. To ensure the close co-
operation between the scientists at the
BSRN stations and the BSRN user
community, a joint meeting takes place
every second year.

Required resources

In order to ensure effective operation
of the WRMC at the Alfred Wegener
Institute, Helmhaltz Centre for Polar
and Marine Research {AWI) in Bremer-
haven, one scientific position and one
data curator are needed. Additionally,
technical support from the AW com-
puting centre and from experts of
PANGAEA® (Data Publisher for Earth &
Environmental Science, see fink at the
end) is indispensable. At the moment,
the AWI carries all costs {one data
curator plus ane position for technical
suppart).

D ndacc.org @D pangaea.de



5.4 World Data Center for
Climate at the German
Climate Computing Centre

The World Data Center for Climate (WDCC) is maintained
by the German Climate Computing Centre (DKRZ), whose
mission is to provide users from the climate research
community in Germany with access to high-performance
computing and technical support. The main emphasis is on
data from climate model calculations, but corresponding
observational data from a variety of projects are also
available.

Examples of databases held at the DKRZ

5 International data centres .

CARBIC a Flight routes Frankfurt-Caribbean | Upper atmasanere variables
15572002
l CHIPG M | Global data for model comparisens | Numerous variables from internationa
from différent time periods research centres

| CORDEX L] Europe until 2095

Multiude of warisbhes o0 8 44711 ki grig;
morthly means and hourly data

ReKlEsS-De | M Germany until 2100

supplementing CORDEX, alsa supplying
further indices {max/min periods)

ECMWF OfM | Glabal 1950-present day
re-aralyses

Multituge of variables with 30 km
resghution and higher

REMO-URA | M Germany 2001 -2100

Multitute of wariabies on a 10 km geig;
manthly means and hourly data

A Tahie 5.d4-1: Databases held 38 the DEAZ: M stands far model data, 0 f'or observation dala.

(Source: DKRZ)

Significance for GCOS

The WDCC collects, archives and dis-
seminates climate (model) data and
products and provides these free of
charge to the international research
community. As reference archive of the
Coupled Model Intercomparisan Praject
{CMIP}, it supports the IPCC process by
data dissemination.

With a view to establishing a well
organised network of data centres for
Earth sciences, the WDCC co-operates
clasely with numerous institutions
dedicated to related branches of study,
such as Earth observation, metear-
ology, oceanography, paleo-climatology
and environmental research. Madel
data include global as well as conti-
nental and national data sets (see

A Pheta 5,.4-1: The DEAZS high parformance
dats archive

Table 5.4-1). Disk storage capacity of
120 petabytes is available plus more
than 100 exabytes on magnetic tapes
due with next hardware generation in
fall 2021. During recent years, data life
cycle management has become mare
and more impartant. In addition to the
long-term archival of results, this also
includes advising the project partners
during proposal-writing as well as dur-
ing the lifetime of the project and the
concluding data publication and dis-
semination phase. These long-term
archived data can be marked with per-
sistent digital object identifiers (DOI),
which allow users to quickly locate the
data even many years later,
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5.4 World Data Center for Climate

& Photo 5.4-3: DEAZ supercomputer Misiral

Required resources
The shareholders of DKRZ are the Max
Planck Society and the Land Hamburg

part of the Data Di tre {University of Hamburg) as well as the

({DDC) of IPCC Alfred Wegener Institute, Helmholtz

E i { Centre for Polar and Marine Research

{AWI) and the Helmhaltz-Zentrum
hereon GmbH in Geesthacht. Financial
SI.!IJ_DUI't 15 ako DI'E.WidEd by the Feceta) A& Figire 5.4-1: {0OW model simulation of the
Minkstry of Ediicatian dnd RegrBiel Earth's atmesphere, 2.5 km resofution, by DKRZ
(BMBF) for the procurement of the MP1-M and DWD. faset: region around Barbados
large-scale technalogy. (Sauree: DERE)

OO dkrz.dejen/dkrz-partner-for-climate-research QD wde-climate.de




5 International data centres .
Trend of the size of the ozone hole (10 kmi, 2007 -2011)
5.5 World Data Center 5
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[The below text corresponds to the text published in the Austraia
GCOS Inventory Report of 2013). Since 2003, the World Data 54
Center for Remote Sensing of the Atmosphere (WDC-RSAT) J\"\JJ\
has been hosted and operated by the German Remote Sensing 0 TR - L ok
185 beer r r y the G an Remote 15ing November PR
Data Center (DFD) at the German Aerospace Center (DLR) A Fig SOMEZ

under the auspices of both the World Meteorological Organiza-
tion {WMOQO) and the non-governmental International Science

Council {ISC). An external advisory board with experts from
space agencies such as the European Space Agency (ESA),
national mete orn:»logical services such as the Deutscher
Wetterdienst {DWD) and scientific community bodies, such as
the DLR and the Helmholtz Association of German Research
Centers (HGF), was established in 2006 to help the WDC-RSAT
to achieve its mission goals and serve user reguirements.
Currently, this advisory board is being extended to also
include representatives from EUMETSAT, NASA and WMO.

Significance for GCOS

Service for the Scientific
Community

The WDC-RSAT is the most recent
member in the WMO system of world
data centres. Particularly in the con-
text of the Integrated Global Atmos-
pheric Chemistry Observations {IGACO)
and in line with the GAW strategy plan
2008-2015, it is concerned with link-
ing different GAW-relevant data sets
with each other and with mode| data,
In this context, the WDC-RSAT not only
handles satellite data but also data
from other sources that are important
for validation purposes. Additionally,
strategies and techniques are being
developed and tested for this valid-
ation, taking account of, among other
things, different assimilation method-
ologies. The data centre is also address-
ing the variability of the atmaosphere

at different time and space scales
{»miss-integration errare). It operates
as a »gne-stop shope that gives access
to space-borne observations of the
chemical composition of the atmos-
phere, at first, however, with a focus on
a limited number of parameters, par-
ticularly those concerning ozone and
aerosols. This is achieved by either
direct access to the centre’s data col-
lection or indirectly by a portal of links
to relevant satellite data and data prod-
ucts of other providers. Following the
recommendations of the Committee on
Earth Observation Satellites (CEQS),
the WDC-RSAT is currently developing
an Atmospheric Composition Portal
{ACP) in co-operation with the National
Aeronautics and Space Administra- sm =
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5.5 World Data Center for Remote Sensing of the Atmosphere

invelved, aims to give answers to ques-
tions on climate change and weather
extremes. This is of basic impartance for
’ ] : r economic well-being and the under-
the French Centre National d'Etus e ; standing of both natural and man-made
Spatial d Centi . k- # . 2< causes of climate variability. A large

f ’ " . amount of data is necessary to describe
the climate system and how it is chan-
ging, because it is determined by con-
ditions and changes in the atmosphere
and surface parameters of land and
ocean. Many of the needed data sets are
collected and archived by four ISC world
data centres, amangst others the WDC-
Climate (hosted by the German Climate
Computing Centre, DKRZ), or by the pub-
lishing network: for geosdentific and envir-
onmental data PANGAEA® (operated by
the Alfred Wegener Institute (AWI) and
the University of Bremen, see 5.6). In
2004, the four German I5C WDCs (Cli-
mate, Mare, Terra and RSAT) established
the »WDC-Cluster on Earth System
Research= to promote interdisciplinary
research related to Earth sciences.

The WDC-RSAT also co-operates with
wvarious partners in the field of infarma-
tion technology (e.g. Grid) to improve the
networking between providers and users.
Remote sensing data sets and products
now each have a digital object identifier
(D01 and can be unambiguously and

WDCs, which will facus on relevant as- effectively referenced and cited in scien-
pects of the Earth system, will lead to tific publications. The WDC-RSAT has also
increased synergy between the various been designated as a Data Callection
data providing bodies. Such a co-ordinated  or Production Centre (DCPC) within the
approach, In which WDC-RSAT is WO Information System (WIS),

D wdc.dirde D ndmc.dirnde D schneefernerhaus.de wdcdirde/acp (link as of 2013}
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5.6 I1SC World Data Center S i
PANGAEA®

| Georg Forster Meumayer B . | | Meumayerm E
\ LA WA - B
The World Data Center PANGAEA® (PANGAEA® Data E

= AL LAMAVARAORAAMARIAAANAN

Publisher for Earth & Environmental Science, formerly known e
4 : i - 1 -
as WDC-MARE]), is a member of the World Data System (WDS) .
: = R ¢ 1990 1995 2000 2005 2000 2015 2020
of the International Science Council (ISC). PANGAEAY is a Year
CoreTrustSeal certified facility for the collection, processing, A Figure 5.6-1 Time series of ozone sonde measurements at Neumayer and Georg Farster stations in

the Antarciic. AN data are peblished in PANGALA®. [Sourca: AW

long-term archiving and publication of georeferenced data
from Earth system research. PANGAEA® currently holds
around 400,000 data sets comprising more than 19 billion
data items from all Earth environments.

Significance for GCOS

PANGAEA® holds an extensive collec- duction Centre (DCPC) of the WMO
tion of climate-related data, making ita  Information System (WIS). PANGAEA®
valuable partner for climate research. supports the free and unrestricted
PANGAEA® not only is a designated availability and distribution of climate-

data archive of the 15C but also hosts related data according to the ISC's

the World Radiation Maonitoring Center rules for the WDS while at the same
{WRMC} of the Baseline Surface Radi- time protecting intellectual property by
ation Netwark (BSRN). As such, itis consequently using digital object identi-
accredited as a Data Collection or Pro- fiers {DOI) when publishing the data.
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5.6 ISC World Data Centre PANGAEA®

International context Wieleamme (o PANGAEA" Data Publisker

of the ISC (8 1m0 B0 g e e g, | S A e et g T BABCACA g o ek Do T

of the Fifth Framewark Programme of
the European Unian, PANGAEA® has
d m n57 i

Required resources
PANGAEA® is o ad j

o e o

i P e
unding & Figurs 5.6.2; Screanshal of the PANGALAS wab page showing tha silfamat tapice for which Jats am
nd personnel operati avallabie in the publisher {Source: AW

inal 900,000 euros per
are funded b

@D pangaea.de



5 International data centres .

5.7 Data quality centres of
GCOS

GCOS Surface Network (GSN)

o strict criteria, including length and
quality of the time series, geographical
representativeness of the observations
and range of available parameters. A
high level of reliability is expected from
G5N stations concerning the continuity
of observations and the quality of the
maonthly data reports. GSN data pro-
vide a basis not only for assessing cli-
mate variability and climate change
but also for climate modelling and fore-
casting {for more informatian, please
see goos.wmo.intfenfnetworks/
atmasphericfgsn).

In 1999, two GCOS Surface Netwark
Manitoring Centres (GSNMC) were set
up to supervise the performance of the
GSN: one at the Deutscher Wetterdienst
{DWD) and another at the |apan Meteoro-
logical Agency {JMA}, They monitor the

A Phede 5. 7-1: Launch of 3 balloon with several
radingandes for 8 comparisan study

A Figure 5.7-1: Map of current GSN stations (as of fuly 2021) {Source: DWD and GENMC)

availability, timeliness and formal cor-
rectness of CLIMAT reports from GSN
stations and check the mean monthly
temperature, mean manthly maximum
and minimum temperatures (|MA) and
maonthly precipitation (Global Precipi-
tation Climatology Centre (GPCC) at
the DWD). A range of monitoring prod-
ucts and the monthly climate data can
be accessed at www.gsnmc.dwd.de,
With the aim of improving the
quality and availability of the data from
the GSN as well as from the GCOS Upper-
Air Netwark (GUAN], nine CBS Lead
Centres for GCOS were established in
2006/07. Their principal task is to liaise
with the national meteorological ser-
vices by their designated Focal Points
for GCOS with a view to pointing out
data problems that have been s =
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The GCOS Reference

Upper-Air Network (GRUAN)

The GCOS Reference Upper-Air Net-
following the decisions A

Atmospheric Obser

Council of WMO, th
the CBS Lead Centri
approx
tions of the R
All CL jata exchanged world-
wide are 4 mpleted and
archived at the DWD.

process studies. Essential criteria for
GRUAN reference abservations include
traceability (to S| units or equivalent
standards), correction of all known meas-
urement errars and biases as well as
measurement uncertainty analysis.
Transparent and well-documented
data processing of the GRUAN raw data
includes carrection algorithms that take
account of a detailed characterisation of
the measuring instrument and its sen-
sors. The resulting GRUAN data products
{GDP) are free fram any manufacturer-
dependent artefacts. Currently, GDPs
have been developed for two radiosondes
(Vaisala RS92 and Meisei RS-11G) and for
the Global Navigation Satellite System
Precipitable Water product (GNSS-PW),
The GOP for lidar-based temperature and
humidity profiles as well as further GDPs
for other radiosonde models, such as
Vaisala R541, Modem M10, Meisei iM5-
100 and Graw, are under development.

GRUAN was founded in 2008, with
its Lead Centre hosted at the DWD's
Metearological Observatory Lindenberg -
Richard Assmann Observatary. The Lead
Centre is respansible for the daily man-
agement and co-ordination of the net-
work, which includes data management
(pracessing and archiving), co-ordination
aof the stations, reporting, issuance of
guidelines, publication and maintenance
of technical documentation and the
GRUAN website.

A major challenge in recent years was
the change from Vaisala RS92 to R541 as

5 International data centres
5.7 Data quality centres of GCOS

operational radiosonde at a majority of
GRIUAN sites. GRUIAN'S strateqy to pre-
vent inhomogeneities in the data records
due ta this change consisted in carrying
out R592-R541 twin soundings and in the
parallel collection of data from satellite
observations and other measurement
systems for abtaining a characterisation
of the differences between the two radio-
sonde types.

Furthermore, the Lead Centre par-
ticipates in international radiosonde
comparison campaigns and conducts
independent tests and laboratary experi-
ments on saunding equipment. For this
purpase, the Lindenberg observatory
hosts specialised laboratory Facilities for
characterising radiosonde sensors, such
as used for the development of the GDP
for the R541 radiosonde for example,

The GRUAN Lead Centre reports to
the Atmospheric Observation Panel for
Climate (AOPC) of GCOS and, in order
to improve observations at sites that
are not directly connected ta GRUAN,
co-operates closely with relevant com-
mittees af the Warld Meteorological
QOrganization (WMO), such as the Stand-
ing Committee on Measurement Instru-
mentation and Traceability (SC-MINT)
of the Commission for Observation,
Infrastructure and Infarmation Systems
(INFCOM]) and the Research Board on
Weather, Climate, Water and the Environ-
ment, as well as with a number of other
national metearclogical services,
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Climatology of solar radiation for Eurepe, based on the combined set of SARAH and ICDR
SEVIRI data

Surface Deovwrweling Shorwae Radiabion s Wim?
B

Data Source: EUMETSAT/CMEAF ™

A Figure 5,02 Climatodngy of $004r radiation for Curops, based on the monthly means of the combined
sat of SARAH and \COR SEVIAY data from 1983 to 2020 (Source: EVMETSATICM SAF)

Significance for GCOS

The CM SAF provides a range of clima-
tological parameters addressing some
of the Essential Climate Variables (ECV)
called for by the GCOS Implementation
Plan in support of the United Mations
Framewaork Cenvention on Climate
Change (UNFCCC), According to GCOS

Second Report on the Adequacy of the
Global Observing Systems for Climate,
the CM SAF focuses on the pravision of
geophysical parameters describing
elements of the energy and water cycles.
The CM SAF supplies regional products
with a comparatively high spatial « » «

4 Figure 5.8-1: The data dedvered by polarorbiting satellites, here a picture
of aae of EUMETSAT'S Polar System satelites (EPS), are pssendial companenis
of global climatologies. fSource: OWD, modified from ESA and CUMETSAT)
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5.8 EUMETSAT Satellite Application Facility on Climate Monitoring

HMean solar radiation {1983-2020) for Europe, based on the SARAH and ICDR SEVIR| data sets

50

s Miinlrrium
—— Mean 1983-2020

£ 130
—— Maxbmiem
100 =2 — 2020
- ——— Moan +o
——— Mean -g

MNev  Dec

Jan  Feb  Mar  Apr  May jun Jul  Aug Sep Dot
A ﬂpwei.&!.“sﬂ.lrnﬂfuumuﬂi-m for Europe, based on the SARAN and ICOA SEVIRY dfats seds,

The curves shown represent the long-term manthly mean (black), both the lang-term monthiy marimum
fred) and minimum (bive), the monthty mean for 2020 forangel and 3 standand devlation ranpe armund

the fong-term mean fgréyl. (Sewce: EUMETEATICM 54T}

variability. The ICDR set thus makes it
possible to assess whether a given
year or manth is an extreme or not.
Figure 5.8-3 illustrates clearly that
this was not the case in 2020.

The CM SAF offers all its products
free of charge to the scientific commu-
nity, including comprehensive docu-
mentation and information about valid-
ation. User services are provided
through the website cmsaf.eu, Access
ta available CM SAF data is given
through an online order platform that
makes it easy for users to identify the
products, data and additional services
they need for a selected region of
interest (see wul.cmsafeu).

International context

The products and procedures of the

CM SAF not only respond to the aims of
GCOS, they also contribute to other
international programmes, for example
the World Climate Pragramme (WCP)
and the World Climate Research Pro-
gramme (WCRP). CM SAF products are
aessential for the activities undertaken
by the Group on Earth Observations
(GEQ) and under the Copernicus Earth
observation programme, The DWD also
participates in European activities,
such as the ESA Climate Change Initia-
tive, and in various EU-funded projects
that interface with the CM SAF.
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& Observations abroad

6.1 Meteorological
observations at Neumayer
station in the Antarctic

Regular meteorological measurements and observations have
been carried out at the German Neumayer Antarctic research
station since 1981. However, the station has not always been
situated at the same place: the first »Georg von Neumayer Sta-
tion« had to be abandoned in 1992 due to snow accumulation.
It was replaced by the »Neumayer Station, in turn abandoned
in 2009 in favour of today’s »Neumayer lll« station. With each
relocation, the Meteorological Observatory of Neumayer station
moved further south, around 7 km in 1992 and around 6 km in

& Photerd 1-1: Mewmayer I station (70" 40 5, B° 16 W) on the Exstrom Ice Shedf in December 2018, The
measinng instruments of the observatory are situated 350 m to the south-west of the main buildfng.

2009, H OWEVer, this was not much Df a cha.:'lge |'Ega_rij|nq the Sovtiee OEErs Ard iTtafed o the Foof of the Station. The SLalan's race gas MEsturitg Sile i Situated
= 1500 m furthar south; it can be sesn in the top right cormar of the pictuns,

position of the observations, as the station is moving around

145 metres per year due to the flow velocity of the Ekstrom

Ice Shelf. Over its four decades of existence, the Neumayer

Meteorological Observatory has continuously developed further Significance for GCOS

4 = S o ; e s : The mission of the Global Climate vatory, the AWl makes a substantial
and seen extension. Fﬂr. instance, dai !-"'_ SEHELGE sr_‘.fund.r‘.gs Observing System (GCOS)istoorgan-  contribution to data collection in the
have been carried out since 1983. In 1992, the station became ise the observation of long-term Antarctic, where data coverage other-
a founding member of the Baseline Surface Radiation Network thanges in essantial climate varibitey - glise 1= very poar. The plirpnse of the
2 AL SR T : 5 The Alfred Wegener Institute, Helm-  membership in the BSAN and GRUAN
(BSRN) with the aim to conduct in situ long-term high-quality haltz Centre for Polar and Marine networks is therefore to enhance in
measurements of surface radiation. The upper-air sounding Research (AWI) supports the tasks o particular the high-quality require-

\ N GCOS in various areas. By operating ments for long-term time series.
programme was extended in 1993 to include regular ozone the: Neumaier Mabiorologlcal Obsee,

soundings. Since 2019, Neumay
member of the GCOS Reference Upper-Air Network (GRUAN).
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Wind reports with snowfall (1981-2021)

All wind reports (1981-2021)
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6 Observations abroad

6.1 Meteorological observations at Neumayer station in the Antarctic

2 m air temparature
-we
.
=15%C
-15C

-1

T it (-0.14 £ 0.07) *Cidecace

1850 1985 1990 1995 IOOC 2005 2000 2005 2020
A Figure 6.1-2; Since measwements began in 1981,
there has been no significant change, on average,
in the 2 m dempevature at Neumayer station, The
statistical uncertainty (17 ‘Catecade) is farper
thaa the caleulated tread (014 "CHecada). Tha
grey dots at the beginning and ead of the fime
serigs refy on incomplete annual dats and nave
Rt Been inclided i the trivd andlysis
Fourca: AW

Required resources

The AW in Bremerhaven runs the Neu-
mayer Antarctic Research station
{including the Metecrological Obser-
vatory) and bears all the nacessary
costs as part of Helmhoitz funding for
research infrastructure. The research
station, as well as components of the
observatory, are open to any researcher
interested. Applications for use must
be addressed to the AWI and are
assessed by an international usage
advisory board.

‘Weather observations that include snowfall
5%

%

5%

2%

5%

0%

5%
% dSnowidt = (3.5 + 1.3] Widecnde

A Figure £.1-3: At Nevmaper station, F-houry
synaplic weathar reparts have been produced
since 1981, The disagram shows the propartion of
weabier reponts bhat incfude obsevved precipita-
tion (Srowfalll. Thede saemd fo be & distingt trand
towards an increase in the nember of snowfall
events. The grey dols &t the beginning and end of
the time Series rely on incompletd annual dats
i have nol bean ncinded in the trend analysis.
Saurce: AWY

Data archive

All data collected at Neumayer Me-
teorological Observatary are quality-
controfled, usually once a year, and
then archived in the scientific data
repository PANGAEA®,

PANGAEA

Data Publisher for Esrth &
Ervironmental Science

@D pangaea.de
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Area-scaled glaciological annual and summer mass balances, annual totals of runoff and
summer precipitation for the catchmant area of the Vemagtferner gauging station

6.2 Glacier monitoring
abroad B -

”
r‘n._-q.-"o.--.-,r""“'""'v-ﬂ"u‘"'b--' LY

S AY

[1]

=

Lo W
The Geodesy and Glaciology group (KEG) of the Bavarian E _iom
Academy of Scien and Humanities (BAdW) has determined % e
the changes in the area of ten Austrian glaciers at 10-year E 2,000
intervals since 1889. In addition, the annual sums of mass 8 gpg | T Punel

L e z e =t t i L E " = Annual mass balance

balance for the Vernagtferner glacier in the Otztal valley 2

~3000 | e Susmimr s balance
3500 | === Summer procipiation

have been analysed since 1964 whereas total glacier runoff
has been recorded at hourly resolution since 1974,

—4,000
1360 1570 18980 1950 2000 2010 2020
Year

A Figure §.2.1: Time seres of the mass balsnoes defermined for The Veraagl farmar wacier, izl valiey,
by means of the direct placiniogical method for the entire year (purplel and the summer (May -Griober
crange) since IH64/65. The diagram afso Includes the annual sims of runoff recorded at Vernagibach
gauging statian since 1974 {light Blue) and summer precipitadion (May-October, dashed davk blue fine), The
fingar trend in runclf shows an increase from 1,300 mm to 2500 mm from 1974 to 2018, For summar
mass halance, the lrear frand indicales an even greater increase. The ahsolide vatues in 1974 ane around
=830 mm water eguiaient campared fo mone than =1,900 mrn waker egiivalent at the end of the pariod
In comirast, summer precipiation shows only a weak fendency for increase fom about 350 mm i0 500 mm.
(Eourda: BAGW)

A Phoda 6.2-1: Piclunsg of the Cemiral part of the
Wernagifernss glacien taken by &% Sulmatic
camera on 25.08.2010 {left) and 19.08.2021 {right)

Description of measurements

Ten of the fifteen eastern Alpine gla-
ciers monitored by the KEG are situ-
ated in Austria and are predominantly
surveyed using the geadetic method.
Four glaciers are in the Otztal valley
{Vernagt, Guslar, Hintereis and
Gepatsch), two in the Stubai valley
{Sulzenau and Grinau} and four in the

Zillertal valley {Schwarzenstein, Horn,
Waxegg and Schlegeis). The longest
data series is available for Vernagtferner
(see graph and measurement descrip-
tion in 4.6 Glaciers and permafrast),
the second longest series exists for
Hintereisferner (gaing back to 1884).
Gepatschferner and all Zillertal nu m
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Required resources
The monitoring tasks at KEG are
covered by institutional funding. How-
ever, the massive amounts of con-
tinuous data and necessary mainten-
ance work require additional human

b Observations abroad
6.2 Glacier monitoring abroad

A Photo 6.2-2: Automatic
weather station on the
Vernagt high platesu ai
3,450 m. At this sialion,
measurements are camied
aul f condinausly monitor
e evedution of Saow cover
and recond ihe kéy medeon.
hogical omponents.

resources to ensure quality assess-
ment, archiving and scientific exploita-
tion. Options for funding this are cur-
rently being examined.
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Conclusions

As set gut in the GCOS Implementation

Plan (WMQ 2016), GCOS5 as a global

system strongly depends on well func-

tioning components at the national
level. Through its Resolution 39, the

Waorld Meteorological Organization

(WM} has therefore urged its Member

States at its 17th Congress (WMO 2015)

#[...]

1. To strengthen their national atmaos-
pheric, aceanographic and terres-
trial climate observing networks and
systems, including networks and
systems for the hydrological and
carbon cycles and the cryosphere
within the framework of GCOS and
in support of user needs;

2. To assist developing countries to
strengthen their observing net-
works, to improve their capacity to
acquire climate-relevant data, and
to enhance their provision of climate
services by implementing projects
inthe 10 GCOS Regional Action
Plans, and by contributing to the
implementation of the ClimDev
Africa Programme and to similar
initiatives in other regions;

3. To ensure, to the extent possible,
the long-term continuity of the crit-
ical space-based components of
GCOS, including the generation and
dissernination of the satellite-based
climate data and products based
on the Essential Climate Variables
that are required to meet the needs
of NMHSs, the Canference of the
Parties to UNFCCC, IPCC and other
users of climate services;

4. To establish GCOS National Commit-
tees and to identify GCOS National

7 Conclusions and outlook -

Coordinators in order ta facilitate
coordinated national action on
abserving systems for climate, tak-
ing into accaunt the joint inter-
natienal sponsorship of GCOS and
the evolving international arrange-
ments for GEOSS and GFCS;

[..J«

Alongside the Essential Climate Vari-
ables (ECVs) defined far data analysis
at global, regional and national levels,
ather, locally-specific climate param-
aters may be of additional interest, in
Germany, for example, the variables
pollen and plant phenology have been
identified to play such a nationally spe-
cific role. In some cases, there also
exist Europe-wide abservation net-
works.

Mot all processes and interactions
in the climate system are completely
understood yet. Further to carrying out
new, target-oriented studies, sustain-
able continuity of lang-term series of
observations is needed to continue
collecting a large body of data far
research and for the further develop-
ment and enhancement of climate
maodels. This will help to further reduce
the uncertainties about the future of
our climate,

The aim of this repart therefore is to
ensure the continuity of long-term
series of observations, especially those
for the ECVs. Table 7-1 highlights thase
areas where legal frameworks for run-
ning climate observations are lacking
or could not be identified as well as the
areas where the continuity of the
observations is not secured and/or the
necessary funding Is missing. This s s »
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TEN

classification relies on an analysis and expert authars and contributors to this
assessment carried out on the basis of report.
the infarmation provided by the various

Legal framework | Institutic ge [ Sustainability hservations (funding)

2.1 Temperature and humidity
22 Wind
2.3 Air pressure

largely secured

26 Sunshine duration Deutscher Wetterdlenst
2.7 Temperature, wind and water vapour  exists Deutscher Wetterdiens largely secured
2.8 Clouds exists Deutscher Wetterdienst largely secured
2.9 Lightning observations exlsts Deutscher Wetterdienst largely secured
2.10 Carbon dioxide exists Federal Environment Agency and research partly secured
institutes
2.11 Methane exists Federal Environment Agency and research partly secured
] institutes
| 212 Other greenhouse gases exists Federal Environment Agency and research partly secured
institutes
2.13 Anthropogenic greenhouse gas fluxes exists Deutscher Wetterdienst largely secured
| 2.14 Ozone exists Deutscher Wetterdienst, Alfred Wegener largely secured

Institute, Helmholtz Centre for Polar and Marine
Research (AW} (polar statians), German
Aerospace Center and University of Bremen
[satellite data)

| 2.15 Aerosols exists Federal Environment Agency and research partly secured
institutes
| 2.16 Pallen exists Deutscher Wetterdienst and German Pollen partly secured

Information Service Foundation

[Ty
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Legal framework | Institution{s) in charge Sustainahility of obse lons (funding)

3.1 Sea surface temperature Federal Maritime and Hydrographic Agency largely secured
and German federal states

3.2 Temperature in the water column exists Federal Maritime and Hydrographic Agency largely secured

and research institutes

3.3 Salinity in the water column exists Federal Maritime and Hydrographic Agency largely secured
and research institutes

3.4 Sea level exists Federal Maritime and Hydrographic Agency largely secured
and German Federal Waterways and Shipping
Administration '

3.5 Sea state exists Federal Maritime and Hydrographic Agency, largely secured
German federal states and research institutes

36 Seaice exists Federal Maritime and Hydrographic Agency  largely secured
and research institutes

3.7 Ocean currents exists Federal Maritime and Hydrographic Agency largely secured
and research institutes

3.8 Wind stress: Bxists Deutscher Wetterdienst, Federal Maritime and  largely secured
Hydrographic Agency and research institutes

3.9 Ocean surface heat flux exists Deutscher Wetterdienst, Federal Maritime and  largely secured
Hydrographic Agency and research institutes

3.10 Biomass/Ocean colour exists Federal Maritime and Hydrographic Agency largely secured

3.11 Nutrients exists Federal Maritime and Hydrographic Agency, largely secured

German federal states and research institutes
3.12 Oxygen exists Federal Maritime and Hydrographic Agency, largely secured

German federal states and research institutes
3.13 Inorganic carban in the acean none Research institutes partly secured
3.14 Nitrous oxide (N0} in the ocean nane Research institutes partly secured
3.15 Anthrepogenic trace gases in the none Research institutes not secured
ocean
3.16 Plankton exists German federal states and research institutes  partly secured
3.17 Marine habitats German federal states and research institutes  partly secured
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4.1 Runoff

4.2 Water use

4.3 Groundwater

4.4 Lakes
4.5 Snow cover

4.6 Glaciers and permafrost

4.7 Albedo

4.8 Soil carbon

4.9 Above-ground biomass in forests

4.10 Forest fires

4.11 Sail moisture

4,12 Phenology

axists

exists

axists

exists

exists

nane

exists

exists

exists

exists

Institution{s) in charge

German Federal Waterways and Shipping
Administration, Federal Institute of Hydrology
and German federal states

German Federal Waterways and Shipping
Administration and German federal states

Federal Institute for Geosciences and Natural
Resources and German federal states

German federal states
Deutscher Wetterdienst

Bavarian Academy of Sciences and Humanities
and Bavarian Envirenment Agency

Deutscher Wetterdienst

Thiinen Institute, German Federation and
German federal states

German Federation and German federal states

Deutscher Wetterdienst and German federal
states

Deutscher Wetterdienst and German federal
states

Deutscher Wetterdienst

largely secured

largely secured
largely secured

largely secured
largely secured

largely secured

largely secured

not secured

largely secured

largely secured
largely secured

largely secured

1 Conclusions and outlook .
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Institution{s) in charge us hility of obser {funding}

ot required”  Deutscher Wetterdienst Bilysocttad
: ff D ; not required"! Federal Insﬂtuuofﬁ-,rdrolnw largely secured
5.3 Wnrld Radlaﬁm Monlmrh-; Center nat.nquimd“ Alfred Wegener Institute, Helmholtz Centre for largal_;:_sd:ured

Polar and Marine Research (AW}
5.4 World Data Center for Climate at the German Climate not required”  Max Planck Saciety, aarmama:lemtsta-benf  largely secured
‘Computing Centre Hamburg (University of Hamburg), Alf |

| Wegener
Institute, Helmholtz Centre for Polar and Marine
Research (AW}, Heimhallz-zgnw:] Herem

Federal Ministry of Educatio
5.5 World Data Center for Remote Sensing of the Atmosphere ot required’  German Remate Sensing Data Centerand  largely secured
W German Aerospace Center

5.6 15C World Data Centre PANGAEA® “not required” Center for Marine Environmental Science and  largely secured
Alfre w;generiniutuba Helmlwllz Centre. I‘or

5.7 Data quality centres of GCOS ot required”
5.8 EUMETSAT Satellite Application Facility an Climate not required”
Monitariag

s
largely secured

6.1 Meteorological abservations at Neumayer station in the ; i : largely secured
it areh (AW} 3el)

6.2 ﬁhdét.n-ian'hdnehahmad ; q i Bawianﬁmumy af'-Sdan;\es and Humanities:

'Iargelgsaqurad

1} usually by sell-cemmiment of the Federation

vention on Climate Change (UNFCCC), considered as not secured, other activ-
the Kyoto Protocol and the Paris Agree- ities are only partly secured ar secured
ment, as well as from its participation until a certain date, with large uncer-

in the Global Earth Observation System tainty regarding their continuity. What

of Systems (GEQSS), the European adds to this is that the data may not be
Union's Earth observation programme exploited or analysed to their full extent
Copernicus and GCOS. However, the due to lacking resources, plus the high
abservations of some ECVs must ba risk of large data gaps, which makes = s »
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An overall, Internet-based climate
information system to provide an always
up-to-date averview of the state and
trends of the climate system in Germany
and to present the findings obtained
through GCOS-DE and list all responsible
institutions would be a useful taol of sup-
port just as much for political and eco-
namic decision-making as for the gen-
eral public.

Outlook

The primary aim should be to sustain-
ably secure the continuity of thase Ger-
man climate observations that are of
major importance. Germany's National
GCOS Coordinator, who is seated at the
Deutscher Wetterdienst (DWD), will con-
tinue ta strive for this goal. in support of
this, the results of this report as well as
the recommendations adopted at the
annual national GCOS meetings are
regularly presented to the Interminis-
terial Working Group on Adaptation to
Climate Change (IMAA) for further
action. Special attention should be paid
to respecting the Climate Monitoring
Principles of GCOS (see Table 1-2) to
assure that data are free from any unde-
sired interference signals. In addition,
accurate documentation of the metadata
must be guaranteed to assure the cor-
rect assessment of today’s data also in
the future.

Apart from in-situ observations,
remate sensing-based data (e.g. satellite
and radar data) are increasingly used for
climatological applications. Provided that
GCOS special principles for satellite-
based climate monitoring are followed
adequately, the resulting data provide a
qoad supplement with complementary

7 Conclusions and outlook

infoermation to in-situ data. Satellite data
are especially well suited for filling spatial
data gaps in glabal climate observation
coverage as well as for the derivation

of global data sets (see Table 1-1; WMO
2016).

The list of ECVs is variable; advancing
climate research and measurement tech-
nolagies will enable new variables to be
added to it. New requirements from the
users, for example in the context of plan-
ning measures for adaptation to climate
change, may also cause changes to the
list. The significance of new ECVs for Ger-
many must be verified and co-ordinated
as part of the implementation of the
GCOS Implementation Plans {WMO 2010,
2016, 2022).

If any synergies between the measur-
ing networks were detected, this would
possibly mean potential for optimising
observation activities and help to improve
the understanding of the climate system
in whole. In this context, integrated ana-
lyses of several climate variables could
be of valuable use,

For this reason, a well functioning
national climate abservation system at
the same time is one of the main pillars
for national implementation of the Global
Framework for Climate Services (GFCS).
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A
AABW
Antarctic Bottem Water
RAIW
AMLArCHC intermesiate Water
AARE
Arctic and Antarctic Research Institute
ACP
Armospheric Campasition Partal
ACTAIS
Aeresol, Clouds and Trace Gases Research
Infrastructure
ADCP
Acoustic Doppier current profiler
AG
Axtisngeseischaft
[5t0ck corporation)
AGU
American Geophysical Unlon
ALOMAR
Arctic Lidar Obsarvatory for Midaie Atmaos-
phere Research
AMBAY
Agrarmetearalogisches Model zur Besechaung
Gerakuelien Evapatransairation
(Agrametsorological model fos the calculation
ol current evapotranspiration)
AMSaL
KFEl-Projekt zur Analyse von hochauigelasten
Tidewasserstanden und Ermittieng des M5L an
ger deutschen Nordseekuste
[KF®i-led reseach project Mean Sea Level
and Tical Anafysis at the German Morih Sea
Caoastline)
AntarktUmwSchPretAG
Gesetz zur Aushifirung des Umweltschutz-
protakolis
(Act Implementing the Protocal on Environ-
mental Protection)
AntON
Antarctic Goserving Network
AQPC
Atmosphenc Observation Panal for Climate
Argo
Array lor Real-time Geostraahic COeanng raphy
ATOnet
Arrival Time Difference Network of the UK's
Me: Gffice for light ning daetection

Atlant0s
Al-Atlantic Goean Qbserving System
AutePaollen
EUMETNET Automats Poilen Manitaring
Programme
A
Alfred-Wagenerinstitut, Helmneltz-Zentrum
Tur Podar- und Meerestorsehung (A1)
{Alfred Wegener Institute, Helmholiz Centre
107 Polar and Maring Researnch (AW
AWZ
Ausscnlieficne Wirtscnaftszane
{Exclusive Econarnic Zone, EEZ}

B
BAdW
Bayensche Akademie der Wissenschaften
|Bavarian Academy of Sciences and Humanities)
BATS
Bermuda Atlantic l'ume.serie;ilwy
BBodSchi
Bundes-Bodenschutzgesets
{Fecaral Soil Pratection Act)
BC
Black carbon
BCO-DMO
Bialogical and Chemical Ocearography Data
Management Office
BOF
Bode n-Daverbeohachiungsflachen
{permanens abservation plots)
BfG
Buncesnnsialt fir Gewasserkunde
{Feceral Institute of Hydrodogy)
BN
Bunsesamt fir Naturschutz
{Feceral Agency for Nature Conservation)
BIS
Bundesamt fir Strahlenschutz
{Federal Gffice for Radiation Protection)
BGC-Arge
Biageothamical Arge
BGR
Burdesanstalt fur Gepwissenschatten und
Rabstoffe
{Feceral Institute for Geascences and Nawral
Resnurees)
BIimSehG
Burcesimmissionsschutzgesetz
{Federal Immission Contral Azt)

BimScny
Bundesimmistionsse hutrverardaung
(OMNARCE O the Mmplementation of the
Federal Immission Cantral Act)
BLAND
BundfLander Arbetsgemeinschalt Nord- ung
Osisee
{Federal/Stave Werking Group Morth Sea and
Baltic Seal
BLE
Bundesanstalt fur Landwirtschaftund
Ernahnng
(Federal OMice fer Agrdultune ane Faod)
BLIDS
Sieméns Blitz Infermationsdienst
{lagntaing infarmatien service of Semens)
BLM=
Burie [Lan e - MESS AraG ram o Meresumaelt
{GErman Marine Mositanng Programme)
BMEF
Bundesminsterium fur Bildung unt Farschung
{Federal Ministry of Education and Research)
BMDY
Bundesminsterium fur Digitales und Verkehr
{Faderal Ministry for Digital ang Transport)
AMEL
Bundesminsterium fur Ermanmung und
Landwirtschaft
(Federal Ministry of Food and Agricultured
BMU {until 2021, now IMLUV
Bundesministerium fur Umwelt, Naturschutz
und Reaktorsicherheit
iFederal Miristry far the Eaviranment, Nature
Canservation and Nuciear Safety)
MUY
Bundesminsterium fur Urnwelt, Natursenyts,
Aukieane Sicherhedt und Verbraw berschutz
{Federal Ministry for the Environment, Natune
Canservation, Muclear Safety and Cansumes
Pratection)
Bonafes
Baoden als nachraitige Resseunce furdie
EET TR
50l 35 & Sustalnable resournce for the
Digecongmy. Funding initiative of the German
Federal Ministry for Egucation and Research
{BMBF})
Boos
Baltic Dperationgl Qceanagraphic System
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BsAR
Baltic Sea Actias Pan
BSH
Bunoesam: fir Seeschifffahrt une Hydrographie
{Federal Maritime and Hyt regrapaic Agencyl
B5RN
Baseline Surface Raciation Metwark
B¥saldG
Bungeswalgesets
(Federal Forest Act)
awl
Bunoeswalginuentur
{natonal forest inventary)
rid
Badensustandserhebung
{mational Sodl survey)
BIE-LW
Bodenzustandserhedung Landwirtschaft
{natonal survey hos agricultural sedls)
BZE-Viald
Bodenrustand sérhebung im Wald
(natonal survey for forest soils)

C
C
Carban
C3s
Copernigus Climate Chaage Service
CaL
Clpud albedn
Caltech
Caifarnia Institute of Techrology
CAMS
Copermicus Atmosphene Monitoring Service
Caet
Anthnopogenc carbanianthropogenic carbon
oiaxide
CARBOCHANGE
Changes in carban uptake and emissans by
GLEANS in & Changing climate
CaraSurope
Inmegrated Project CarpoEunope.|m,
Assesamant of thie Eusepdan Tersessrial
Carbon dalance
CARBOOCEAN
Marine carbon sources and sirks assesament
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CARIBIC
Cowll Alrcratt for the Regular Investigation of
the Atmosphers Based on an Instrument
Container
CBD
Carvention on Bialagical Diversity
ces
WMO Commission for Basic Systems (since
2015 INFCOM)
i
Creative Commons Zerg
CEMEMS
Custom Embedded MEMS soiutions
CEMS
Capernicus Energenty Management Service
CEOS
Committes on Earth Observation Satellites
CFC
Chioraflurocarben
CGMS
Coerdination Group for Metear|ogical
Sateflites
CH,
Methane
CHARM-F
Airborie scientific instrument for the remote
manitoring of CH,
CHL
Chlaraphyll
CHMI
Czech Hydrometeoroiogical institute
CHC
Climate and Cryosphire Project
CLIMAT
A cade for reparting manthly clirmatological
nata
ClimDav Africa
CHmate far Development in Alrica
CLIVAR
Chimate Variability ang Precictability
CM SAF
Satellite Apalication Facili
Maosnitoning
CMEMS
Capernicus Maring Servies
CMIP
Coupled Model fptarcomparison Project
CHES
Centre National 6'Etudes Spatiaies

an Chmate

CNRS
Centre national de la recherche scientifique
Co;
Cardon dioxide
CoM
Copernicus Carben Dioxide Menitanng
COCCON
COllaborative Carbon Calumn Dbserving
Network
COMFORT
Our eammen future coean in the Earth
system - quantifying coupled cycles of carbon,
oxygen, and nutrients for determining and
achieving sale operating spaces with respect
totipping points
COMPONUT
Tewards comparability of global ooeanic
nutrient data
Cop
Conference of the Parties of the UNFCCC
COPEFDD
Coastal & Qcmanic Mankion Ceolagy,
Production, & Observation Database
Coperticus
Earth observation programme af the European
Unhan
CORDEX
Conrdinated Regional Climate Downscaling
Exflerifment
COSMO-DE
Conseriwm for Small-Scale Modedting for
G rmany
COSMa-EU
Cansorium for Small-Scale Modeling for
Europe
COSMOS-Eunope
European network of cosmic.ray neutran soll
MBISre SEN507E
CosT
European Cooparation in Science and
Technoigy
COSYNA
Coastal Gbserving System for Morthern ang
Arctic Seas
CRITTERBASE
Science-driven data warenouse for marne
hiota
CRNS
Cosmic:fay neutron sensing

CHRO
Commonwealith Scientific and Industrial
Resesreh Organisation
CTH
Chemnistry and Transpart Maode|
Cwon
Cape Verde Ooean Dhservatary

[+]
o-A-CH
Deutschiand -Osterreich-Schweir
iCo-aperation between Germany, Austria ang
Switzerland}
DAM
Qeutscne Allianz Meeresforscaung eV,
iGerman Marine Research Alllance)
DAS
Revtsche Anpassungsstrabegie
{German Strategy o Adaptation 1o Climate
Crange]
pace
Data Buoy Coaperation Pane|
=o'
Data Callection or Produetion Centre
j=lels
Data Distribution Centre
Destatis
Statistsches Buncesami
iFederal Statistical Office)
oFd
Deutgenes M
iGerman Remn
DFG
Deutiene Farsehungigemeinichar
iGerman Research Foundation)
DG
Deutaeches Gewatsekun i hes Janrbuck
iGerman Hydrotogical Yearbook)
DGzRS
Devtsche Gesellschalt zur Rettung
Schdfbruchiger
{German Maritime Search and Aescue Service)
DIAL
Differential Absorptan Lidar
DKRE
Deutscnes Klimarachenzentrum
iGerman Clirmate Computing Centre}
oA
Deutsehes Zeatrum Far Lutt und Raumfanr
{German Aerasnace Center]

rekundyngROate e trum
te Sensing Data Center)
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oGo
Destsenes Oreanagraphisenes Datersetrum
(German Qeeanegragnic Data Centre)
ool
Digial Ghiect loentifier
osow
Denmark Strait Overllow Water
ou
Dohson ynit
OUETT
DWD project an the (ntegrated use of in-Situ
anc satellite-based data
D
DeulSener Wetters endt
{German Meteorological Service)
WG
Gesetr uber den Deutachen Wetterd east
{Deutscher Wetterdienst Act)

E
EAN
Eurnpean Aergallergen Netwark
EarthCARE
Earth Clouds, Aerasals and Radiatian Explorer
EBAS
Database of atmospheric chemical compsiton
anc physical properiies

EC
Eurnpean Commissan
ECMWF
Eurgpean Contre for Medium-Range Weather
Forecasis
ECV
Essential Climate Yariable
EEA
Eurnpean Envinenment Agency
EEZ
Exclusive Ecanonic Zone
EFAS
European Fipod Awareness System
EFFIS
Eurepean Forest Fire information System
EMEP
Eurtpean Menitering and Evaludtion
Programme
EMOOnet
Eurppean Marine Observation and Data
Metwork
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ENVISAT
Enviranmental Satellite
EPA
Enviranmental Protection Agency
EPN
Eurnaean Pnenalogical Netwark
EPS
Ensemble Predictian System
ERAS
ECMWF Reanalysis v5
ESA
European Space Agency
ESAL
Earth Syitesn Research LAbaratories
ESTOC
Eurggean Station fos Time séried in the Ocean,
Canary Islands
E-Surfmar
EUMETNET Surface Marine obseration
PrOGramee
sl
European Wnion
EuCLiD
Elrapean Conperation for Lightning Detaction
EUMETNET
Econonmic Inerest Grouping {E1G) of Eurapean
National Meteorological Serviees
EUMETSAT
European Organisation for the Explonation of
Metdoralogicsl Satellites
CUADAM
EUropean Reanalysis and Observations for
Maonitoring
EURG-FRIEND
Elrapean Flow Regimes from international
Experimental and Network Data
EuroG00S
Euroaean Global Gcean Ooserying System
EUROWATERNET
Maonitoring and Infarmation Network for intand
Water Resources af the European Environment
AgGency
EUSAAR
EUropean Supersites for Atmaspnherds Aerosal
Research

F
Fach-AlG EuNaP
BLAND expert working group on
BUTTBRNCATION, Autrents and plankion
FAD
Food and Agficulture Org ancation of the
United Mations
FD
Fioods Directive
FOR
Frequency damain reflectometry
FiG
First Guess Proguct
FING
Farschungsplattianmen in Mord- und Ostsee
{research platforms in the North and Baitic Sea)
M
Finnian Metaoroiogical Instiute
FONA
Farstiung fur Nachbaltigheit
{Research for Sustainability strategy)
F5
Designation for German rescarch vessels
{Forschungsschiff)
FTIR
Fourier Transform infrared Spectroscopy

G
G
Glabal Atmasahere Waten
GEM
Global Climate Model
GLOS
Global Clismate Ghsesving System
GOS0
GCOS Devtschland, the German companent of
GCOS
GLCP
Giobal Carfion Project
Gone
Giohal Data Assembly Centre
GDAP
GEWEX Data and Analysis Pamel
GDI-DE
Geodateninfrast ruktur Devtscnland
{Spatial Data Infrasinucture Germany)
GDP

GRUAN Dats Product

GEC
Group on Earth Qoservations
GEDMAR
GEOMAR Helmhoitz-Zentrum fur Gaeantos
schung Kiel
{GEOMAR Helm haltr Centre far Doean
Research Kiel)
GeoNutzy
Geggatennutzungsverordnung
iGrdinance Setting the Terms of Use tor the
Pravaion of Federal Spatial Datay
GEOSS
Glabal Earth Qbservation System of Systems
GEWEX
Global Energy And Watar Exchangés

GFCS

Glabal Framewmark 100 Climate Services
GFMC

Glabal Fire Monitoning Center
GHG

Greenhouse gas
GIA

Glacial sostatic adjustment
GLO360

Global Lighining Dewection Network
GlobWave

Global Wave Data Portal
GLODAR

Glahal Oeean Data Analyss Praject
GLOSS

Global Sea Leve! Dbserving System
GmbH

Gesellsenaft mit Deschcankter Haftung

(company with imited llability)
GME

Glabal Model Extended [giobal numerical

weather forecasting maodel of the WD)
GMSL

Global Mean Sea Leve:
GNSS

Glabal Mavigation Satellite Syswem
GOLDAT

Global Qoean Ouygen Database and ATlas
GOME

Ghabal Qeone Maitanng Exper ment
GODS

Glabal Qoean Doserying System
GOSAT

Greenhouse Gases Ghaerving Satelite
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GO-SHIP
Glabal Ocean Shipbated Hyd rographi
Inwestigations Program

GPCC

Glabal Precipitatian Climatology Cemre
GPCP

Glabal Precipitation Climatolegy Proect
GRS

Global Rositioning System
GRACE

Gravity Recovery and Climate Experiment
GROC

Glabal Ruast Data Centre
GRUAN

GOOS Asference Uppesfir Netwirk
Gra

Grundwasserveranning

(| Groundwater Drdinance)
GEH

GOOS Surface Netwark
GENMC

GCOS Surface Metwark Menitaning Cenire
GTH-H

Glabal Terses:rial Metwark for Hydralagy
GTN-R

Glabal Tersestrial Metwark Ter River Diseharge
GTOS

Global Terrestrial Qosarving System
GTS

Ginbal Telecommun ication System
GUAN

GCOS UpperAir Metwark
GUAN {2.15)

German Uitrafine Aerasol Netwark
GWD

Grounchwater Directive 2006/118/EC

H

Hy
Hydrogen

HyS
Hydrogen sulphide

HELCOM
Helsinki Commission

HGF
Hermann won Helmholz-Gemeinschaft
Deutseher Forschungsaeniten .V,
{He!mholtz Association of German Research
Centars)
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HOAPS
Hamburg Geean Atmosphere Parameters and
Fiuxes from Satellite Data
HOMPRA
GPCC Homogenizen Precipitation Analysis
HOT
Hawali Gcean Time-series
hPa
Hectopascal

Significant wave height
H SAF
Satelite Apalication Facility an Support to
OCiperatienal Hydralagy and Water Management
HWas
Hydrnlngyand ‘Water Resounces qurarnme
HYDROLARE
Internatianal Data Centre on the Hydralegy of
Lakes and Aeservolrs
Hytrawen
Data portal for time serios of water [evals in
riwiers and lakas

1

IAGAS
In-service Alrcraft for a Global Ghserving
Systern

IAHS
International Assaciaton of Hydmiogical
Sclences

AP
Institute of Atmospheric Prysics

icoa
Interim Climate Data Aecond

ICES
International Councll for the Exploration of the
Sea

ICOADS
International Comprefensive doean-
Armosphers Data Set

[CON
ICOsahecral Nonhydrostatic ciroulation mode!
of the DWD

ICON-ART
|COsanedral Nonhydrestatic cinoulation maodel -
Aerosols and Reactive Trace gases

ICON-EL
|COsahedral Nonhydrostatic ciroulation maodel
for Eutope

ICos
Integrated Carbon Cbservation System
ICP Forasts
Intemational Co-operative Frogramme on
Assassment and Monitering of Asr Pallution
Effects on Forasts
1T
Institut fir Meeresiunde, Universital Hambung
{Imstitute af Dceanography, Ham burg
University)
1G3S
Integrated Global Greennouse Gas (nfermation
System
IGACT
Integrated Global Atmospheric Chemistry
Dhservations
1GB
Leibniz-(nstiut fur Gewasserakologie und
Bianenhschans:
{Leibniz Institute of Frashwater Ecology and
Inland Fisheries)
IGRAC
Imtermational Groundwater Resaurces
Assessment Centre
1GY
International Geapnysical Year
IHP
Intergevernmental Hydrodogical Progrmme
IEWE
Internatienal lce Charting Working Group
ILTER
Internatienal Lang Term Ecological Research
IMAR
Interministerielle Arbeltsgruppe Anpassung an
den Kimawandel
{imerminaterial Warking Group an Adaptation
1o Climate Change}
INFCOM
Commission for Bservation, Infrastructure
and Infarmation Systems
INSMAE
Infrastructure for Spatal Infermatianin
Europe
INSTAAR
Institute of Arctic and Alpine Research
e
Imtergaveramental Deeanogranhic
Comrission

GCCG
International Oeean.Calour Coandinating
Growp
IoCCP
international Geean Carbon Coordination
Praject
Gor
invegrates Ocean Discovery Pragram
W
Leidniz-Institut fir Ostsesforsehung
Warnemunde
iLedniz Instinute for attic Sea Research
Warnemunde)
I1#CC
Intergawernmental Panel an Climate Change
IPG
International Phenalogical Gardens
PG
Internaticnal Precigitation Waerking Groun
IR
tnfrared
15C
International Scence Council
I5F
tstitut fur Seenforschung
ilnstitute for Lake Researchy
15N
International Soil Moisture Metworc
150w
lerand -Seatlang Cuerliow Water
ITHIS
Integrieries Trei bhausgas-Manitar ngey stem
{integrated Greerhause Gas Mo itosing
System}
R
Inssitut For Umweitphysik, Universitit Bremen
{institute of Envirenmental Physics, University
af Bresmen)

]
1CCMM
Joint Technical Commission far Dceanagraphy
art Marine Meteorology
|GoFs
Joint Giobal Goean Flux Swdy
L)
June, July, August
A
Japan Meteorological Agency
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AL
Joint Research Centre

K
L%
Kelvin
kA
KilGarmié
KEG
Gruppe Erdmessung und Glaziologie
(Geodesy ard Glaciclogy group (KEG) of the
Bavarian Academy of Sciences and Humanities
BAd W
KEKI
Kuraterium fir Forschung im Kisteningenieur-
wesen
[Coastal Engineeing Ressateh Countil]
KIT
Karismuher Institut bur Technolog e
(Karisrune institute of Technoiogy)
KLIDADIGH
Klimacate ndigitalme ung
(OWD project to digitise historical gata)
ORI
Deutscnes Kimawarsorgeportal
(Climate Preparedness Portal)
KNMI
Konrinklijk Nederlands Meteoralogisch Instituut
(Royal Netherlands Metearolagical Institutel
K56
Bundes. Klimaschut rgesels
{German Federal Clirmate Pratection Act)

L
LAWA
Bung/Lander-Arbeitsgemeinsenalt Wasses
iGerman Warking Group on water |ssues of the
Federal States and the Federal Gevernmens)
LIY Bayerm
Bayerisches Landesamt fur Umweit
(Bavanan Environment Agency)
LG
Gesetz uber das Bayersische Landesamt fur
Umwelt
{Law gn the Bavarian Environment Agency)
Lidar
Light Detection And Ranging
LINET
Lighzning Detection Network
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LEN.SH
Landesbetrieh fur Kustenschutz, Mationalpark
und Meeressciutz Schieswig-Holstein
[5chieswig-Helsteln's Governmeni-owned
Company for Coastal Protection, Mational
Parks and Geean Protection)
LLCF
Long-lived climate forcers
LLUR
Landesamt fur Landwirtschaft, Umwelt und
langliche Raume
[5tate Agency for Agriculture, Envirenmant
and Rural Areas)
LNT
Local mean fime
LM Mumich
Ludwig-Maxsmilians-Universiat Munchen
[Lutiwig Maximilian University of Munich)
LSA SAF
Satellive Applicatien Facility on Land Surface
Analyss
LSW
Labrader Sea Water
LT
Lignthouse
LUCAS
Lane Use and Coverage Area frame Survey
LUNG
Langesamt fur Unmwes, Naturschutz und
Geologie
[5tate Agency for Envirenment, Nature
Canservation and Geology)

M

MAMAP
Metnane Airbarne MAPger

MARNET
Marines Umweltmessnetz in Nord- und Ostsee
[Marina Environmental Moniaring Network in
the Nosth Sea and Baktic Sea)

MARLIM
Zentrum Tir Marine Umnwelt wissenschaften
[Center for Marine Environmental Seiences af
the University of Bremean

MCAP
Monte-Carke autoregressve padding

MCDS
Marine Clismate Data System

Mo
Meteorolegischer Dienst der ehemaligen
Deutschen Demaokratischen fegubiik
[Meteorological Service of the fermer German
Denocratic Republicy

MEMENTO
MarinE Methant and MiTrous Oxide

MERLIN
Methane Remote Sensing Lidar Missan

Metensat
Meteoralogical satelline

MeteoSwiss
Swist Federal Ofice of Metaralogy

Met Gffice
United Kingdem Meteoralogical Office

Metap
Meteorological Operational Satedite

MiK Brandennurg
Ministeriue des Inmesn umnd Tor Kommunales
des Landes Brangenoung
{Brancenburg Minkstry of the Interior and for
Murici pal Affairs)

ML Miedersachsen
Niadersachsisches Ministarium fur Ermanoung,
Landwirtschaft ung Verbraucherschutz
{Ministry for Food, Agriculture and Consumer
Protection of Lower Saxomy)

MOHp
Meteoroiogisches Obsarvatorium
Hohenpeibenbeng
{Hahen peistenberg Mateorological
Dhservatory)

MOL
Meteorelogisches Observalorium Lindenbeng
{Lindenharng Metesralogical Observatory)

MOL-RAD
Meteorolegisches QBSe rvatorium Lindenbang -
Richard.ABmann-Observatorium
{Lindenbeng Meteorolegical Observatory -
Richard Assmann Observatory)

MoMuog
Moarbodenmonitering fur den Kimaschutz
{Peatiand Manitaring Pragram for Climate
Protection)

MOSMT
Multigsciphnary drilting Observatory for the
Study of Arctic Climate

MP
Manitaring Product

mPa
il pascal
MP-M
Man-Panck-instiut fur Meteorolog ie
{Max Planck Institute for Meteanology)
MG
Mean runalt
M
Meteortiogical Researcn Institute
MSE
Mean SQuared errgs
MSFD
Haring Strategy Framework Directive
MSL
tean Sea Level
M. S
Maria Sibylla
MTG
Meteasat Thivd Generatian
MUDAL
Iebiierd Surtvw 1 b6 Ak Ank
(Mt Chviranmentsl Datanase)
MUNSTAR
Projekt #Method sche Untersuchungen zur
Movelligrung der Starcroge nstatistic fir
Deutsehianss
{praject for the investigation of methoes for
Fivising and wpdating heavy rhinfall statisties
in Germany)

H
N0
Mitraus axige
MADW
Merin Atlantic Deep Water
MASA
Mational AEronaulies and Space
A ministration
MDACC
Metwark for the Detection of Atmaspheric
Campasition Change
NDMC
Metwark for the Detection of Mesospherie
Change
MEMO
Mucleus for European Modelling ¢f 1he Ocean
NFy
Mitragen trifuoside
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MFSI
Mazional forest s6il inventary
ML

Morsk institutt for luftforskning
[Narwegian (nstitute for Air Restarch)
MIMH
Mational institute of Metearology and
Hydralogy
HIR
Mational Invertary Report
HLWEN
Miggorsachsischer Landesoetried fur
Wasserwirtschaft, Kusten: und Naturscouiz
(State Eaterpsise fos Water Management,
Coastal and Nature Conservation}
MMFS
Mational Marine Fisheries Service
MMHS
Matlonal Meteoroiogical and Hyorological
service
O
Nitrogen monoxide
HO,
Mitrogen diokide
MOAR
Mational Goeanic and Atmospheric
Administratign
NCDC
Matipnal Coeanographs Data Center
RGOS
North West Buropean Sheif Operational
Deeanegraphie System

MO,
Mitragen oxides
MPGO
Merth Pacific Gyre Oscillation
MRIOC
Mational Srow and e Data Center
M555
MOrth Sea SurMmmer Sulvey
[i]
Oy
Ozane
ac
Ocean Colour
QC TAC

Oeean Colour Thematic Assembly Center
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GreanGLIDERS
GCOS component for the global coliection of
Glider abiervationg

QceanSITES
Worldwice system of deepwater reference
stations

Qo
Crakting Carbon Observatory

DECD
Crganisation for Economic Co-nperation
and Develepment

QGewV
Cherflachengewasserve rrdnung
[Surface Waters Regulation}

Q51 SAF
Satediite Applicaticn Facility on Qcean and
Sealce

DSPAR
Carvention for the Protection of the Marine
Enviranment of the Morth-East Atlantsc
replacing the Dslo and Pacis Conventions: also
name of the related intemational COMmMisEs0n

P
Pas
45th percentile
PANGAZA®
Data Publisner for Earth & Envirgnmental
Science
PO0
Pacilic Dwcacal Cscliatian
PEG
Phytoplankton Expect Group
PER
Pan Eurapean Pherclogy database
PermaNET
Permafrost Lang-term Monitoring Network
PermaNET-BY
Bawarian companent of the PermaNet netwaork
Tor monitaring penmafrost
P
Sriftung Deutscher Polleninformationsoienst
{German Pollen information Service
Foundaton)
PM25
Particulate Matter 2.5 pm
PM10
Particulate Mamer 10 pm

pob
Parts per billion
ppm
Parts per million
pot
Parts per trillson
PS5-T8
Practical Salinity Scale 1978
P
Precipitable Water

o
Q
Rungft
R
RED
Research and dewelopment
RA
Regienal Association
Radar
Raio Detection And Ranging
RADOLAN
Ratar-Online-Anechung
|system for real-time onkne adjustment of
radar-basitd protipitation data)
RBCN
fegional Basic Climatological Networic
RCA4
fiossby Cantre regional atmosphesic mode,
fourth version
RCC-CM
Regional Climate Centre Natwork Node on
Climate Monitoring
RCP
Represent dtve Concentration Pathway
RDCC
Regioral Dobson Calineation Center
Rek|iEs-0e
Regionale Klimaprofektionen Ensemble hir
Deutschland
{BMBF-funded project Regional Climate
projections Ensemble for Germany)
REMO-LI3A
Regionales Klimamodell - Urnwedtbu ndesami
{regional climate modal of the German Federal
Enwinonment Agency)
M
Reference material

RMI

Rayal Meteoralogical nstitute of Belgium
RMSL

Aeiative Mean Sea Lewel
ROOS

Regianal Operational CCEANGGraphic Systems
AP

Rensselaer Polytechiic Institute, USA

RS

Radiosande
L3
S5P55

Sentinel-5MSentnels
SAF

Satellite Apaiication Facity
SAL

Surface albedo
SAR

Syminetic Aperture Radar
SHAAH

Surlace Radiation Data Set - Heliosat
SA5TA

Subsidiary Body for Scientific and
Technlogical Advice
SCAPR
SCAnning Pyrhelometes/Pyranometes
SCIAMACHY
SCanning Imaging Absorption spectroMeter
for Atmesphesic CartograpHy
SC-MINT
Standing Committee an Measuremants,
Insirumentation and Traceability
SC0A
Scientific Committes on Gceanic Research
SCOA COMPONUT
SCOR Warking Graup 14T *Tawarads coms
parability of glabal oeeanic nutrient datas
Sealataiet
Ban-Curapean infrastructure for ocean &
marine data management
SecAulgh
Gesetz uber die Augaben ces Bundes auf dem
Gebiet der Sepschilffans
{Masitime Snipaing Respansibiities Aty
SEWIR|
Spinning Enhanced Visible and Infraked
[T
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SFe
Sulphur hexsMuerice
5l
Systbme internationsl dunitds
SMH|
Sveriges metesroing sia oth hydrologiska
inst it
{Swedish Meteoralogical and Hydralagical
Institutel
SMOS
Soil Maisture and Desan Salinity
50y
Sulphur dioxige
SOCAT
Surface Gcean COy Atlas
SOMle
InStrument for Measuring sunsnine duration
soop
Ship Of Qppariufity Programme
0T
Ship Qasarvations Team
SPNALI
Subpoiar Narth Atlantic
554
Singular system aralyss
SURFAAD
Surface Radiation Budget
L
Suerdrun
SWaT
Surface Water and Ocean Topography
Synep
Mumerical cooe used for reporting waather
ODSETvaliens
T
ToCOM
Tatal Carpen Column Qberving Netwark
TCOR
Thematic Clirmaie Daty Recards
TD
Technical Dacument
TOR
Time damain reflectometry
TERENG
Tersestrial Environmenta Observatories
TGZ

Tide gauge zera
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T
Than el astitut
[Thumen ingtitule)
TROPOS
Leianiz-Institut fur Trepospharenforschung
[Leibniz instiute fer Tropaspheric Aesearch)
TU Wien
Techrische Uniwversitat Wen

u
uza
Umwaltbuncesamt
[Feteral Environment Agency)
usp
Usrafine Particles
UFs
Umweltforschungsstaten Schnestemnernaus
(Envirgnmental Research Station
Schpeefernernaus)
WG
Umweltinfarmationsgesets
{Enviranmental infarmaticn Act]
U
United Kingdom
uN
United Hations
UNECE
Usiited Mations Ecanemic Commission for
Eurgg:
UNER
United Mations Environment Programme
LINESCO
United Mations Educational, Scentific and
Cultural Organization
UNFCCC
United Mations Framework Conventicn g
Climate Change
us
United Siates
usa
United S2a1es of Americs
UstatG
Umweltstatstikgesetz
[Enviranmental Statistics Act)
uTC
Universal Time Coordinated
w
Ustravialet

v
VASCEMO
Warlability Analysis of Surface Climate
Observations
VRIS
Wisibe Infrared Imaging Radiometer Suite
VoS
Wodntary Gbserving Ships scheme
VWFS
Wermessungs:, Wracksuch- und Farsehungs-
schiff
{Surveying, wretk Search and research vessel)

w
WasiG
BundeswasserstraBengesetz
{Feceral Watensays Act)
WeC
Waorla Climata Confarence
wCe
Waorld Climate Programme
WCRP
Warld Climate Research Programme
woe
Warld Data Center
WDCC
Warld Data Center for Climate
WDCGG
World Data Centre tor Greenhouse Gases
WOC-MARE
Worid Data Center for Manne Envirgnmental
Sriences
WDC-RSAT
World Dara Center for Aemote Sensing af the
Atrmashord
Wwos
World Data Syatemn
WFD
Water Framewack Directive
WGE123
Working Group 125 o0 Glodal Comparisans of
Zooplankton Time Seres
WGMS
Warkd Glacier Monitaning Sesvice
WGPME
Warking Growp an Phytoplankton and Microbial
Ecology
WGIE
Waorking Group on Zoonlankton Eeology
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WHG ZAMG
Wassernaushaltsgesetz Zentralanstalt fur Metecrologie und
(Federal Water Act) Gentynamik
WHYMAD {Austrian Central institute for Meteorology and

Worlo-wide Hydrageciogical Mapaing ang Bendyhamicy)

Assessment Programme ZMMF
WIGDS Zenatrum fur Medizin-Meteorologische
Farschung

WMO integrated Global Ghaerving Syste
e 2 ving System {Researeh Cantre Human-Biemetearalagy)

WIS
WMQ Infarmation System
WISE
weater Intormation System for Eunope
WM
Warld Meteoralogicsl Organization
WMO RAY|
WMO Regianal Association Vi {Eurape and
Migole Easty
WOCE
Waric Ocean Circulation Expenment
WRDC
Warla Raciation Dath Centre
WRMC
Warig Ragiation Manimaring Center
WSA
Wasser. und Schifffanrsamt
iGerman Waterways and Shipping OMice)
WY
Weasser- und Schifffanrtsve rwaltung des
Bundes
{German Federal Waterways and Shipping
Admimistrationy
W
WA serwe
{WALET Boulvalieat)
WWLLN
Warld Wide Lightning Lacation Network

z

ZALF
LeinnizZentrur fur Agrariandscharts.
forschung (ZALF) &, V.
{Leidniz Centre for Agricultural Landscape
Researchy

ZAMF
Zentrum fur Agrarmeteonoiegisehe Forschung
Braunsenwig
{Bhunsc iwiig Agromettoralogichl Reteaseh
Centre)
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