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DETECTING TOGE |OT SEE ALONE:

Virginie More
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DETECTING TOGETHER WHAT YOU CANNOT SEE ALONE:
THE ICOS STATION NETWORK CASE.

1. Short- and long term changes in the atmospheric GreenHouseGases

2. Observation of GHG: the ICOS infrastructure

3. Seeing the unseen ¢



PART 1.

Changes In atmospheric
greenhouse gases



Part 1. Long lived greenhouse gases

A
v
N

v

o 70-75% of SW (solar) radiation
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« 15-30% of the earth LW radiation
escapes from the top of the
atmosphere

« The LW trapped by GHG heats the
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lower troposphere by ~ +18°C Wavelength (microns)




Partl. Concise history of the GHG atmospheric concentration:

Link with land colonisation

* CO, atmospheric LR
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Partl. The control of the GHG concentration
long term processes (106 — 108 yrs)

steady state carbon budget

Atmosphere (590)

Terrastrial
Biosphera
(2,000)

Silicate weathering
= Burial org carbon
. Ocean crust uptake
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MOR outgassing I

Carbon flux into atmosphere, (Pg Cly)
Continental arcs

Hotspot outgassing

by L ower Mantie (~1.5 x 109)

Total outgassing

+  Atmospheric carbon is ~3 107 of earth carbon * Afmospheric carbon content is
and 1,3% of surface carbon controlled ultimately by the
balance between sources and

Suarez et al. 2019. Elements, Vol. 15, pp. 301-306 sinks



Part 1. Atmospheric carbon, past 800 000 years.

800.000 years

[CO,] varied from 180 to 290 ppmv
in response to glaciations episodes



The control of GHG concentration by surface processes
the ecosystem concept

Interactions :

Biogeochemistry
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Negative effect
Beerling D.J. et Berner R.A., PNAS 2005;102:1302-1305



Part 1. Recent changes in the atmosphere GHG content

Ice-core data before 1958. Mauna Loa data afier 1958,

lce-core data before 1958. Mauna Loa data after 1958.
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1. The anthropocene

steady state carbon budget
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Chixculub impact
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Disturbances in the carbon flux into the
atmosphere (PgC.yr-1).

* Anthropogenic are fossil C emissions

« Chicxulub refers to the end-Cretaceous asteroid impact
having led to mass extinction

+ LIP to the large igneous provinces.

(Kawaragi 2009, Lee et al. 2019, Black and Gibson 2019).




Part 1. The surface carbbon cycle 2019

Fossil CO, Land use change

Gas reserves

Permafrost
Oil reserves

Coal reserves

Biosphere Atmospheric CO, Ocean

Vegetation

Dissolved
inorganic carbon

m

and lakes

Organic carbon Marine

. T— biota
Coasts . O
Surface
ediments \_‘

Budget imbalance +2

The budget imbalance is the difference between the estimated emissions and sinks.
Source: CDIAC; NOAA-ESRL; Friedlingstein et al 2019; Ciais et al. 2013 Global Carbon Budget 2019



https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://doi.org/10.5194/essd-11-1783-2019
http://www.climatechange2013.org/
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL CARBON
PROJECT

Recent changes in the surface carbon budget

The sinks have continued to grow with increasing emissions, but climate change will affect
carbon cycle processes in a way that will exacerbate the increase of CO, in the atmosphere

CO, emissions (Gt CO./yr)

COs flux (Gt CO./yr)

40
Fossil fuels and industry

30
20

10

0
1960

40

1970 1980 1990 2000 2010

Land-use change
30

20
10
0

-10

1960 1970 1980 1990 2000 2010

20

Budget imbalance

10

0

-10

-20

1960 1970 1980 1990 2000 2010

2020

2020

2020

CO; partitioning (Gt CO./yr)

40

30

20

10

0

-10
1960

40

30

20

10

0

-10
1960

40
30
20
10

0

-10

Atmospheric growth

1970 1980 1990 2000 2010

Land sink

1970 1980 1990 2000 2010

Ocean sink

1960 1970 1980 1990 2000 2010

The budget imbalance is the total emissions minus the estimated growth in the atmosphere, land and ocean.
It reflects the limits of our understanding of the carbon cycle.
CDIAC: NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019



https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/

Part 2. Observe and monitor atmospheric GHG

e —




Part 2. Observing the Greenhouse gases

J. Fourier 1824, J. Tyndall 1861

1st atmospheric long term observatory e

1970 |
Carbon and biomass inventories.

1980 E

1st carbon balance of the atmosphere

1st CO, flux measurements -

15t global monitoring of land afmosphere,
CO2 exchange (Fluxnet) |

ICOS Launching 2010

Land Surface Atmosphere

Landsat-1

Pleiades

BIOMASS

Mauna Loa
Mace Head

MICROCARB

There is a missing sink !

1st assessment of
surface carbon
budget



Part 2. The GHG cycle observation. The ICOS strategy

Global carbon dioxide budget

(gigatonnes of carbon dioxide per year)
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Part 2.

The ICOS Research infrastructure in brief

(https://www.icos-ri.eu/ )

» Launched in 2013 as a distributed RI., expected lifetime 20 years

» Head Office in Helsinki, D.G. W. Kutsch

» 13 countries, ~500 scientists,

» Networks of 120 stations in Atmosphere, Ocean and Land surface.

» Open free access, central data delivery through the Carbon Portal @

https://www.icos-cp.eu/

INTEGRATED
CARBON
OBSERVATION

SYS



https://www.icos-cp.eu/
https://www.icos-ri.eu/

Part 2. The ICOS dataflow -

High-perfor Measurement stations
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Part 2. The ICOS networks of stations 2019

Atmosphere
Ecosystem
Ocean

Mixed
Ocean lines

INTEGRATED
CARBON
OBSERVATION
SYSTEM




ATC. LSCE, Saclay.

« Organisation and operation of the
workflow of atmospheric data (30
felifelaly

\i\!\l \( .»
« New instruments qualifications |||||§\' \
 New technigues development

« Support of ICOS development in the
Atmospheric domain

« Mobile lab

INTEGRATED
CARBON

OBS|
5YS

RVATION
EM




Part 2. IN-sifu atmosphere measurements

https://stilt.icos-cp.eu/viewer/

AMS 111 G2301 - Last 3 dags snapshot Update 06:39
2015-07-02 2015-07-05

Ambient Air ( minute average) TGT gas (minute average)
20m agl D609281 386.37+0.02 umol.mol” Peak to peak = 0.1

2015-07-05

CO, umol.mol”

1897.60
1897.40
1897.20
1897.00
1896.80

CH, nmol.mol™



https://stilt.icos-cp.eu/viewer/

Part 2.

Courtesy L.

Rivier, M.
Ramonet

Aircores: vertical sampling of the atmosphere

Ceiling

2. Ascent
Tube empties

3. Descent
Tube samples ambient air

2z

1. Preparation 4. Closed

Tube is filled with
calibrated standard

Tube is closed to
preserve the sample

5. Analysis Mixing ratios of gases

= | Continous gas | wp €O, CH,, CO... depending

The sample is measured analyzer on the analyzer

with a continuous analyser

for trace gas mole fraction Membrive et al., 2017 (AMT)
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Quality control Long term monitoring

Intercomparison

AirCare-Fr COZ - 2014-2018 per year AirCore-Fr CH4 - 2014-2018 per year
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In-situ atmosphere measurements — Global Atmosphere Watch
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Part 2. In-situ ecosystem measurements
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INTEGRATED

ETC. Viterbo-Bordeaux-Antwerpen i,

5YS

« Organisation and operation of the
workflow of ecosystem data (40 - 70
felifelaly

« New instruments qualifications
 New technigues development
« Soil and plant archiving

« Community support

Theni
v PSS O
s #iSenhosen ScanPos023
ScanPos021

Courtesy B. Gielen, U. Antwerpen.




Part 2. In-situ ecosystem measurements - FLUXNET




Part 2. The ICOS data integration
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» Top-down Satellite
integration xCO,
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Ground based
atmospheric
measurements

ICOS provides robust standardized in-situ
observations methods for quantifying GHG

emissions and sinks. It measures ocean and
land surface fluxes and atmospheric
- concentrations of GHG.


https://stilt.icos-cp.eu/viewer/

ICOS outcome: the 2018 drought case 3

Special issue with 21 papers in Phil. Trans. Roy. Soc.

Baltic Sea 2018
Sunshine hour anomaly (Jan-Aug) (%) (Slide by Gregor Rehder, IOW)

Sonnenscheindauer Anomalie 2018 (Jan-Aug) [%]

- -




[CO, ]air seasonal cycles

Michel Ramonet et al.

Network concentration evolution
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Ecosystems: example forest site, south Sweden

O Atmospheric station:
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Part 3.

Background

- GHG exchange with land surface is changing
continuously in response to :

CO, concentrafion,
Climate,
Ozone, nitrogen & sulfur deposition,

Management...

= Effects are :

o Non-linear, accumulative or transient

o Interacting:
— antagonistic (CO, x O,),
- synergestic (CO, x N, Tx VPD)
o Heterogeneous in temporal and spatial domains

32



Part 3. Can we see the unseen ?

Are we able to observe and understand

the temporal variations in land surface
GHG?

SCieIlce Contents ~ News ~ Careers ~ Journals ~ RESEARCH ARTICLE
Contributions to accelerating atmospheric
CO; growth from economic activity, carbon
intensity, and efficiency of natural sinks

— i ———

RESEARCH ARTICLE

A Large and Persistent Carbon Sink in the World's

Forests

Yude Pan'”, Richard A. Birdsey', Jingyun Fang®3, Richard Houghton®, Pekka E. Kauppi®, Werner A. Kurz¢, Oliver L. Phillip: PNAS November 20, 2007 104 (47)

Anatoly Shvidenko®, Simon L. Lewis’, Josep G. Canadell’, Philippe Ciais'®, Robert B. Jackson'", Stephen W. Pacala'?, A.
Snllnng Piao?, Aapo Rautiainen®, Stephen Sitch’, Daniel Hayes'*

Edited by William C. Clark, Harvard Un
March 2

SCIENTIFIC REP{%}RTS

OPEN - Atmospheric deposition, CO,, and
change in the land carbon sink

M. Fernandez-Martinez(%2, 5. Vicca(®?, I. A. Janssens?, P. Ciais*, M. Obersteiner®, M. Bartrons'?,
J. Sardans'?, A.Verger'?, ). G. Canadell(®%, F. Chevallier*, X. Wang 7%, C. Bernhofer®, P. S. Curtis®,

Received: 25 January 2017 D.Gianelle™™, T. Griinwald®, B. Heinesch™, A. Ibrom™, A. Knohl™, T. Laurila*%, B. E. Law",
J. M. Limousin®, B. Longdoz™, D. Loustau®, |. Mammarella?,, G, Matteucci®?, R. K. Monson?,
L. Montagnani®>?, E. J. Moors?+, J.W. Munger()?, D. Papale(®™®, 5. L. Piao’*1 & J. Pefivelas(i™?

Accepted: 18 July 2f
Published online: 29 August 2017

Concentrations of atmospheric carbon dioxide (CO,) have continued to increase whereas atmaspheric
deposition of sulphur and nitrogen has declined in Europe and the USA during recent decades. Using
time series of flux observations from 23 forests distributed throughout Europe and the USA, and
generalised mixed models, we found that forest-level net ecosystem production and gross primary
production have increased by 1% annually from 1995 to 2011. Statistical models indicated that
increasing atmospheric CO; was the most important factor driving the increasing strength of carbon
sinks in these forests. We also found that the reduction of sulphur deposition in Europe and the USA lead
to higher recovery in ecosystem respiration than in gross primary production, thus limi g the increase
of carbon sequestration. By contrast, trends in climate and nitrogen deposition did not cantly
contribute to changing carbon fluxes during the studied period. Qur findings support the hypoﬂms. s

of a general CO,-fertilization effect on vegetation growth and suggest that, so far unknown, sulphur
deposition plays a significant role in the carbon balance of forests in industrialized regions. Our results
show the need to include the effects of changing atmospheric composition, beyond CO;, to assess future
dynamics of carbon-climate feedbacks not currently considered in earth system/climate modelling.

Josep G. Canadell, e Le Quéré, Michael R Raupach,
Philippe Ciais, Thomas J. Conway, Nathan P. Gillett, R. A. Houghton, and Gregg Marland

hristopher B. Field, Erik T. Buitenhuis,

(received for review




Part 3.

Can we see the unseen ?

The CO, case

Well documented temporal evolution since 1958 ( )

Well-known effect on CO, uptake at leaf and plant level:

The [CO2], change from 1995 to 2015,
(+ 40 ppm) enhances leaf
photosynthesis (A) by 12-15%

200 400 600 800 1000 1200 1400 1600
Ci (ppm)

1800 2000

Response of
pine needle
assimilation to
CO..

Porté & Loustau
1998, Tree Physiol.




Part 3. Can we see the unseen ?

The CO, case

What to observe ¢

> Gross CO, uptake by land surface, GPP

At which resolution / scale ¢

- Instantaneous values (hour) and temporal integrals (year)

B . ‘f‘ i .
{ L "”‘m l‘r

-_oi.nmm- wm-
. I Wk . g llﬂh‘

Power spectrum of GPP at the Puechabon forest site 2006-2011. Moreaux et al., 2020.




Part 3. Can we see the unseen ?

o RINGO | ke
15t step . Assessment of the uncertainty in GPP measurements g(GPP) of ICOS
« U*filtering,
« Random uncertainty -
* Instfrument noise
« Covariance sampling error Bl

c (GPP) (gC m=2y)

Mean EGPP) = 117 gC-CO, m2 yr! (~ 8%)

q,?\‘bé\ C'?éo O\QQ;Q(\%;Q/(\QI‘_O&X\ \\‘\ s 5(3&\/\/ é\/QO(\ ’é\ /\/®1Q \)2’/0?‘:’00\/\/@%\@0/ 2 g
CEFF ST T QQ—QQ’QQ‘ NI

<
Sites

Error in gross CO, uptake (GPP at the pre ICOS stations




Part 3.

Can we see the unseen ?

2"d step. Expected magnitude of [CO,] impact on GPP: model results

Daily GPP
(9C.m2d)

Annual drift
OGPP
(Hist — Const)

(9C.m?2y?)

30yr old coniferous forest —

Gross CO, uptake (GPP)




Part 3. Can we see the unseen ?

39 step . Modelling the sensitivity of station network to the [CO2] drift

- Simple regression model applied to an
ensemble of 2500 virtual networks

Detection
Time (years)

- GPP modelled as

d(GPP)

xt+ S (IAV)+ N (GPP, & (GPP))

Station number
(IAV being the natural residual varibility.)

Detection threshold surface for 8y /6t =0,015

The plotted area delimits the duration and size needed for
detecting a temporal trend in 8GPP / &t = - 1,5% yr-1

L L X

Readiness (p=0,05) .

of ICOS

RINGO




Part 3. Can we see the unseen ?

4™ step. Designing an optimal ecosystem network 2020-2050

«  Projection of expected changes in Ecosystem drivers along 2020-2040

Temperature ~ O, dry deposition N\
15/07/1995 15/07/2045, RCP4.5 15/07/1995 15/07/2045

o =
R

*8®
Readiness
of ICOS

RINGO

B. Josse et al. 2019.



Part 3. Can we see the unseen ?

4th step. Designing an optimal ecosystem network 2020-2050

« Partitioning Europe among homogenous eco(iso)zones

= Subdomains where changes in O,, N, CO, and
climate are homogenous. Ex.:

+ O; ecozones:
no change, n = 22 stations
, n =10 stations
decreased, n = 12 stations

« Ensure the completeness and coverage of relevant
variables in each subdomain

2035 anomaly of O, deposition over Europe.
Simulation by the MOCAGE météo France model
B. Josse et al. 2019.

RINGO | e




The black hole observation lesson

NEWS - 10 APRIL 2019

Black hole pictured for first time —in
spectacular detail

The Event Horizon Telescope’s global network of radio dishes has produced the first-ever

direct image of a black hole and its event horizon.

BEAME o sinin News = Sport =Reel = Worklife = Travel | Future

NEWS

Home = Video = World | UK = Business | Tech | Science Stories | Entertainment & Arts

Science & Environment

Katie Bouman: The woman behind the
first black hole image

f © ¥ & < shae
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SPACE © SCIENCE

This is the first photo of a black hole

D\ By Ashley Strickland, CNN
% O 0 GA HKT) April 10, 2

L] . . . O - .
Gual‘dlan Search jobs eS|gn in O, Search International

»d by readers e L
Guardian
nion Sport Culture Lifestyle More ~

knce Cities Global development Football Tech Business Obituaries

The first black hole image: what can
we really see?

SeNionde

ACTUALITES ECONOMIE VIDEOS OPINIONS CULTURE

La premiére photo d'un trou noir publiée par
un consortium scientifique international

L'image montre le trou noir supermassif de M87, une galaxie elliptique géante située
a 53 millions d’années-lumiére de la Terre.

ALL TOPICS LIFE HUMAN

The first picture of a black hole
opens a new era of
astrophysics

The supermassive beast lies in a galaxy called M87 more than 50 million
light-years away

ed




The black hole observation lesson

To see the unseen, let's be standardised,
synchronised, accurate and multiple,




And get fun !l



Thank you for attention

Most illustrations were taken from ICOS presentations available at ICOS web pages and French ICOS web
Site and were cooked by:

Michel Ramonet (LSCE, IPSL, ICOS-France)
Werner Kutsch (DG ICOS RI)

Alex Vermeulen (Carbon Portal, ICOS-RI
Philippe Ciais (LSCE, IPSL, ICOS-France)
Léonard Rivier (LSCE, IPSL, ICOS-France)
Benjamin Pfeil, ICOS-OCEAN

Armin Jordan, Heidelberg University, ICOS-CAL



