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ARRHENIUS: a Geostationary Carbon Process Explorer
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* Understand terrestrial carbon cycle
processes that determine the global

carbon sink.
* Quantify carbon-feedbacks in response :
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representation in Earth System Models
to estimate climate sensitivity.
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ARRHENIUS: a Geostationary Carbon Process Explorer
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What are the processes
behind the variability of
the land carbon sink and
how will they change with
climate change and man-
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ARRHENIUS: a Geostationary Carbon Process Explorer ‘

WHY THERE? WHY TH

e The African continent is heavily
undersampled.

e By 2030, highest population growth
rates on the planet will be in Africa
(growing emissions and ecosystem
degradation).

* By 2030, Europe will transition to a low-
carbon economy.

* Middle-East fossil fuel industry will
adapt to changes in consumer patterns.
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WHY THERE? WHY THEN

e The African continent is heavily
undersampled.

* By 2030, highest population growth
rates on the planet will be in Africa
(growing emissions and ecosystem
degradation).

* By 2030, Europe will transition to a low-
carbon economy.

* Middle-East fossil fuel industry will
adapt to changes in consumer patterns.

We need denser
sampling in space and
time!

White stripes: 1 month ~ /
of decent quality 0CO-2
soundings; white dots .
and triangles: in-situ
GAW stations and
FLUXNET stations.

[NASA, GMAO model]

399.0400.5402.0403.5405.0406.5408.0409.5411.0
XCO, / ppm
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ARRHENIUS: a Geostationary Carbon Process Explorer ‘

WHY THERE? WHY TH CO emissions from fires
i (average 1997-2016) [gCO/m?/a]

* The African continent is heavily We need denser 100
undersampled. sampling in space and I
time!

e By 2030, highest population growth
rates on the planet will be in Africa
(growing emissions and ecosystem
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Countries accounting for 75% of the worlds population
WHY THERE? WHY THE change [UN-WPP, 2017} /
Annual Annual
, , , , We need think in populaion populaiion
* The African continent is heavily %0 o
d I d terms Of 20305 Country or area (millions) percentage  Rank Country or area (millions) percentage
undersampied. and later! India 15.615 184  [[_Nigera 7004 143])
’ China 7.455 27.2 2. India 4.496 232
. By 2030, h|ghest population growth . . [ Nigeria 4521 32.5) [ _Dem Republic of the Congo 4,080 305)
. . . Afrlca WI" Pakistan 3.764 36.9 L4__United Republic of Tanzania 2,982 36.4)
rates on the planet WI” be In Afrlca dominate the Indonesia 3.128 40.6 5. Pakistan 2.787 41.6
(growing emissions and ecosystem Ethiopia 2.434 43.4 Le__Ethiopia 2.410 4611
. Worlds Dem. Republic of the Congo 2.335 46.2 LZ__Usganda 2238 5031
deg radatlon) . . United States of America 2.258 48.9 L8 Niger 1.965 3401
. .. pOPUIatlon [Egypt 1.934 st [—Ancal 1220 322)
* By 2030, Europe will transition to a low- dynamics Brazil 1833 53 EImw oo
Bangladesh 1.810 554 11.  United States of America 1.507 63.0
carbon economy. (consequences: ... e s 1 g o7 s
« Middle-East fossil fuel industry will urbanization, L e — e
United Republic of Tanzania 1.556 61.1 114.  Mozambique 1.360 70.9]
adapt to changes in consumer patterns. ecosystem Usanda 1246 26] [ Suw ETT—TY
H Turke 1.189 64.0 16.  Philippines 1.126 75.5
degradatlon)' IKenvay L177 654] "
Iraq 1.071 66.7
Viet Nam 1.020 67.9
Afghanistan 0.987 69.0
Iran (Islamic Republic of) 0.959 70.1
Angola 0.898 71.2
Sudan 0.852 72.2
Saudi Arabia 0.826 73.2
Mozambique 0.758 74.1
Algeria 0.751 75.0
South Africa 0741 758
WORLD 84.968 100.0 WORLD 53.523 100.0




UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

ARRHENIUS: a Geostationary Carbon Process Explorer

WHY THERE? WHY TH Presurpably world’s largest tropi(?al peatland
W d think i area in Congo (Cuvette depression) — only
. . . . e nee ink in : :
e The African continent is heaV|Iy €030 discovered recently [Dargie et al., 2017]
Undersamp|3d. taerlrdrnlztoerl S 16°E 18°E - 20°E 22°E 24°E 26°E
* By 2030, highest population growth . . . .
y & P p. , & , Africa will 2 N
rates on the planet will be in Africa .
, L. dominate the
(growing emissions and ecosystem
: worlds 00 00
degradation). .
population
* By 2030, Europe will transition to a low- dynamics
2°S 2°S
carbon economy. (consequences:
* Middle-East fossil fuel industry will urbanization,
adapt to changes in consumer patterns. ecosystem i [ —— *
o [ Oil Palm Concession
degradatlon). -getﬁgfrlgndcover Class ¢ 100 20

16°E 18°E 20°E 22°E 24°E 26°E

Peatland within the Cuvette central depression
threatened by logging and oil palm concessions
[Figure 2a of Dargie et al., 2018, distributed
under Creative Commons Attribution 4.0
International License.
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ARRHENIUS: a Geostationary Carbon Process Explorer

Sketch of ARRHENIUS spectrometer

State-of-the-art assembly (aperture 12-15 cm)

 Quasi-contiguous mapping of Imaging spectroscopy R

atmospheric CO,, CH,, CO and SIF. in solar ba.ckscat.ter
configuration

Scanner Assembly

* Freely selectable scientific focus regions. (heritage: GOSAT,  comrion sy
* Flexible process-oriented sampling 0CO-2, Sentinel-5, Specrometr
approach. Sentinel-7)

e Several region revisits per day to study
process dynamics.

e Active and intelligent cloud avoidance to imaging Path
overcome data scarcity.

Telescope Assembly

* Lessen sampling biases, avoid missing nstrument Structure
events (e.g. fires), and reduce data gaps.

NIR
Spectrometer
Assembly

For details of
instrument and
performance
see Butz et al.,
AMT, 2015.
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ARRHENIUS: a Geostationary Carbon Process Explorer

HOW?

Quasi-contiguous mapping of
atmospheric CO,, CH,, CO and SIF.

Freely selectable scientific focus regions.

Flexible process-oriented sampling
approach.

Several region revisits per day to study
process dynamics.

Active and intelligent cloud avoidance to
overcome data scarcity.

Lessen sampling biases, avoid missing
events (e.g. fires), and reduce data gaps.
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ARRHENIUS: a Geostationary Carbon Process Explorer

HOW?

Quasi-contiguous mapping of
atmospheric CO,, CH,, CO and SIF.

Freely selectable scientific focus regions.

Flexible process-oriented sampling
approach.

Several region revisits per day to study
process dynamics.

Active and intelligent cloud avoidance to
overcome data scarcity.

Lessen sampling biases, avoid missing
events (e.g. fires), and reduce data gaps.

Illustrative process-oriented observation schedule: to be consolidated.
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Month Jan ‘ Feb ‘ Mar ’ Apr ’ May ’ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec
Over-
ruling whenever cloudless at most twice per day
priority
Priority NST | | [NST || [NST ||| EU EU ||| SST || [SST ||[SST || SAH | SAH |[NST || [NST
chain JoH | | [JoH || [1OH | | [ ME ME ||| EU EU ||| EU | |[SST||[ssT || [JoH || [JoH
ME ME ||[ ME || sAH | saH |[ ME ||[ME ||[ ME EU ||| BU || | ME ||| ME
VAL | | | VAL ||| VAL | |[ KAI || [KAI || SAH | SAH | SAH || KAI||[Kal || [VAL|||VAL
EU EU ||| EU ||[JoH ]| [JoH || [ KAl || [KAI||[KAT || [JOH]|[JoH || | EU ||| EU
SST | | [SST ||[SST ||[VvAL]||[VAL||| VAL || [VAL|| VAL || [VAL| [VAL || [SST ||[SST
KAI | | [ KAl || [ KaT ||[sST || [ssT ||[JoH || [JoH]||[1OH]||[ME ||| ME || | KAT || | KAI
SAH | SAH | SAH |[NST||[NST]|[NST]||[NST||[NST|| [NST||[NST|| SAH | SAH
<5UT il (VAL | AL ME | ME ‘ | ME | ME || | VAL || [ VAL || [vaL | |[ VAL
SUT ME ’—\ME ME | |[ME | |[VAL] |[vAaL]|[VAL]|| [vaL || | ME ||| ME || ME ||| ME
6UT
cur o | om ] |[JoH] | Kal | SST || | SST || [ssT \%1 | KL || [JoH | | [JoH |
SAH | | NST | || NST
SUT NST || [NST | || NST ||| EU - EU EU
EU SST | | [SST || [ssT SST
ouUT JoH JOH KAI JOH JOH
our | 2o RN NST | |[NST
Ut NST | | | NST SAH BU || [BU || BU SAH | SAH
VAL
12UT i | (VAL ‘]’%L EU | |[SST|[ssT] [ssT [ VAL || [ VAL || [ VAL | || VAL
JOH
13UT Jor | | [Jou | | [JoH | U = = = SST || [ JOH
NsT | || EU NST | |[ NST
14UT || NST ||| NST Kar| | LKALL | [ssT]| [ssT ]| [ssT || >AM | SAH
15UT SAH KAI | | | KAI
tour | [2om] | Lo ] [JOH || S | | [VaL ]| [VAL IWI IVTI =
>16UT VAL |LAL -

12



ARRHENIUS: a Geostationary Carbon Process Explorer

Quasi-contiguous mapping of
atmospheric CO,, CH,, CO and SIF.

Freely selectable scientific focus regions.

Flexible process-oriented sampling
approach.

Several region revisits per day to study
process dynamics.

Active and intelligent cloud avoidance to
overcome data scarcity.

Lessen sampling biases, avoid missing
events (e.g. fires), and reduce data gaps.

Illustrative process-oriented observation schedule: to be consolidated.
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Month Jan ‘ Feb ‘ Mar ’ Apr ’ May ’ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec
Over-
ruling whenever cloudless at most twice per day
priority
Priority NST | | [NST ||[NST ||| EU EU ||| SST || [SST ||[SST || SAH | SAH |[NST || [NST
chain JoH | | [JoH || [JoH | | [ ME ME || | EU EU ||| EU ||[SST ||[ssT || [JoH || [10H
ME ME ||[ ME |/ tbbmem i e e e L e EU || [ ME ||| ME
VAL | | [ VAL || | VAL KAI || | VAL || | VAL
EU EU EU JOH || | EU EU
S ESLISL We suggest to explore an | AL ST ST
san | saH | san | on-demand scheduling NST | SAH | SAH
SUL | v [bac] | system driven by scientific VAL | |[ VAL |
5UT | (Ve ds? ME || [ ME | |[ ME
ME user neeas:
6UT — || [KAL|| [Jom | |[JoH |
7UT JOH | | [JOH |
NST ’ SAH | [ NST | || NST
8UT NST ||| NST ) SST
EU " SST SST SST o
9UT [FY] joH | |[JoH
JOH JOH JOH KAI
our | HOL| DL | e AL | NS || [NsT
EU EU EU
11UT VAL
2UT | [var| (VAL || [YAL ‘QJL EU | | [SST||[SST [ssT|| VAL [VAL] | VAL }/g;
13UT | [JoH || [JOH | EU || [ gu || [EU SST || | ssT || LJOH
~so| | [NsT ||| EU SAH NST | |[ NST
14UT NST KAl | |LKALL| ['SsST || [SST || [ssT SAH
15UT SAH KAI ||| KAI
tour | [2om] | Lo ] [JOH || S | | [VaL ]| [VAL \WI IVTI = i/(,)«i
Ut VAL | || VAL VAL
>
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ARRHENIUS: a Geostationary Carbon Process Explorer

HOW?

Quasi-contiguous mapping of
atmospheric CO,, CH,, CO and SIF.

Freely selectable scientific focus regions.

Flexible process-oriented sampling
approach.

Several region revisits per day to study
process dynamics.

Active and intelligent cloud avoidance to
overcome data scarcity.

Lessen sampling biases, avoid missing
events (e.g. fires), and reduce data gaps.

Active cloud-
avoidance
through near-
real-time cloud
information from
MTG-FC], i.e.
point to the
focus regions at
the right time.

hours for 2013

o

6 7 8 9
Monthly mean clear-sky daily hours

3 e
May =" gl
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SEVIRI-based clear-sky (opt. thickness <0.1)
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ARRHENIUS: a Geostationary Carbon Process Explorer ‘ e

HOW DOES IT FIT INTO GLOBAL GHG OBSE

. ARRHENIUS will be the process-oriented complement to the
surveillance missions Sentinel-5 and Sentinel-7.

. In fact, ARRHENIUS needs LEO missions to provide the global
carbon context and boundary conditions for its focus region
approach.

. Meteosat Third Generation — Flexible Combined Imager will be

ARRHENIUS’ companion instrument providing cloud-cover
information that will guide pointing to cloudless regions with short
lead times.

. Other synergies open with MTG-S4 (e.g. NO,, HCHO), MTG-IRS (CO,
aerosols), land surface carbon missions (e.g. BIOMASS, FLEX).

. ARRHENIUS could be the European contribution to a GEO-
Greenhouse Gas constellation together with a GeoCarb(-follow-on)
and an Asian contribution.

15
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ARRHENIUS: a Geostationary Carbon Process Explorer
L ————————————— Biomass,

Semi-arid regions
(vegetation dynamics,
biomass burning, ...)
and tropical forests
control the trend and
the interannual
variation (lAV) of the
land carbon sink.

Modified from

Ahlstrom et al., 2015.

Fractional contribution to the land
carbon sink (mean, trend, IAV)
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ARRHENIUS: a Geostationary Carbon Process Explorer

Typical ARRHENIUS measurements

State-of-the-art (above dark surface)
sun — 0, -_ ARRHENFUS

* Quasi-contiguous mapping of |m.ag|nlg spbectlioscopy § s WYY TR
atmospheric CO,, CH,, CO and SIF. in sofar :;c scatt.ter -
configuration 58 3
* Freely selectable scientific focus regions. (heritage: GOSAT 38
[] ) _g
. . . . N 1
* Flexible process-oriented sampling 0CO-2, Sentinel-5, S,
a pproach . Sentine|_7) 740 745 750Wave|22gth ) n;GO 765 770 775
. . o sun— CO, H,0— CH,— ARRHENIUS
e Several region revisits per day to study % e
. S 2.0} L' WW' N UV l'w»-, RN AR
process dynamlcs. ) s — co, H,0 = ARRHENIUS | . | ‘
. . . ° ‘E 1.2 \ | \ ‘
e Active and intelligent cloud avoidance to ERY “ | ,. i "I|||"|‘ il --“ I
overcome data scarcity. gg °° u l‘ ' ” H ’l'\ | “
gs © w' '
* Lessen sampling biases, avoid missing 5 o “ 1600 1620 1640 1660
. g 02 ‘ Wavelength / nm
events (e.g. fires), and reduce data gaps. * ool TWNLAMMRRIITT T T LI
Wavelength / nm
sun— CH, H,0 — CO=— ARRHENIUS
E . For details of
g os| Ul i inst t and
_z “ ‘ ' . l instrument an
gg 0° H performance
3 é 04 see Butz et al.,
& 02 | AMT, 2015.
A 0.0

2300 2320 2340 2360 2380 2400 1 8
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ARRHENIUS: a Geostationary Carbon Process Explorer

Quasi-contiguous mapping of
atmospheric CO,, CH,, CO and SIF.

Freely selectable scientific focus regions.

Flexible process-oriented sampling
approach.

Several region revisits per day to study
process dynamics.

Active and intelligent cloud avoidance to
overcome data scarcity.

Lessen sampling biases, avoid missing
events (e.g. fires), and reduce data gaps.

Daytime
differences in
XCO,: gain insight
into process
dynamics
through sub-daily
temporal
resolution.

... and through
process marker
(CO, SIF, NO,,
HCHO)
fingerprinting
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ARRHENIUS: a Geostationary Carbon Process Explorer

* Understand terrestrial carbon cycle processes and climate-carbon feedbacks in
regions that are currently severely undersampled.

* African carbon cycle highly variable and uncertain; African will lead population
dynamics by 2030.

¢ Quasi-contiguous mapping of atmospheric CO, and CH, together with process
markers (CO, SIF).

* Scientific focus regions sampled several times per day to avoid missing events,
sampling biases.

-
n
T

=
=
T

* Active cloud-avoidance through cloud-informed pointing (via MTG-FCI).
* ARRHENIUS needs LEO (S5, S7, ...) carbon context; ARRHENIUS needs meteorological

sounders (MTG, ...).

 ARRHENIUS will be the explorative process-oriented asset of a global atmospheric
composition constellation (e.g. together with other GEO missions, HEO missions, land
surface carbon missions ...)

andre.butz@iup.uni-heidelberg.de




