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VERIFY WP3 “View from within”

tional system for CO, fluxes
ial ecosystems

Grasslands
Forest Farmlands
Prior fluxes Land use change

Atmospheric transport

A

Community Inversion Framework

Coastal fluxes

Inland waters

VERIFY GA - WP3 | April 28t , 2021



VERIEY Toward operationalisation

<>

Modeling system consolidation

N New estimates

Preparation of forcing Running Bottom-up up to year -1
- Meteo forcing models available
- Land cover - process-based end of
- Atmospheric CO2 - data-driven September

July Sep.
Running Top-down
models
- CSR

- CIF J

= New test this summer 2021
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&?'FY WP3 — MAaIN AcHIEVEMENT M19-M36

e T3.1: UPDATE state-of-the-art driving datasets

e T3.2: UPDATE the bottom-up budget of terrestrial CO2
fluxes using a few complementary models
(statistical or process-based).

e T3.3: UPDATE the Europe-wide inversions of NEE using in
situ data of atmospheric CO2 and a high-resolution
transport model.

e T3.4: Develop new multi-data model fusion strategies to

investigate CO2 budgets and trends; Specific focus on
Eastern Europe.
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T3.1 Collate state-of-the-art driving data

Data set Name/ Coverage Resolutl Time Contact
model frame project
1k

VERIFY

<>

HILDA? global m 1900- Richard Fuchs®, Karina
T3 1 2010 Winkler®
° Biomass HILDA? Wwu global 1 km 1900- Martin Herold*
2010
In P ut EMEP JRC 1km 2010 Frank Dentener
model*
d at a SEtS Erosion PESERA> ESDAC  Europe 1 km 2004 Emanuel Lugato®
LUCAS® ESDAC  Europe 1 km/10 2015 Emanuel Lugato®
km
UERRA®  ECMWF  Europe 11km  1961- Richard Engelen’
2017
Flux data FLUXNET global sites diverse  Dario Papale, Werner
In put for network Kutsch
CAPRI JRC Europe 0.25° 2000- Adrain Leip®
models P L
2012
_ UNIABD EU28 0.25° 2000- Matthias Kuhnert"
Evaluation i 2015 |
data Fresh water fluxes ULB Europe 0.1° 2016 Ronny Lauerwald'
Ocean coastal uiB Northern  0.125° 1997- Are Olsen’
fluxes Europe 2016
GHG WU Europe 0.125° 2000- Mart-Jan Schelhass",
budget 2015 Gert-Jan Nabuurs'
CEA- Europe 0.5° 1860- Philippe Ciais™
component LSCE 2012
FOCAL®  UBreme global 2 km 2015- Maximilian Reuter”

n 2016



VERIFY T3.1 Collate state-of-the-art driving data

Soil
properties/
soil erosion

Cropland
management

Grassland Forest N-Deposition
management management data

a D & .
Ongoing work
| XCO2 from '
Fluxdata 0CO-2 . Collection complete
U y € Different data access
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T3.1 Collate state-of-the-art driving data

Management data for different land use were collected and provided

Cropland management

management
Jorvary | ———y ¥ Mah |
8 L N |
Dok I — T Dechmbe
[ L ————

1
Fortizor inputs as NO; at 2000 [kg ha™' of grid area)]

Nishina et al., 2016

Grassland management

" v
(b)

Chang et al., 2016
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Forest

Schelhaas et al., 2018



VERIFY T3.1 Collate state-of-the-art driving data

Coastal ocean fluxes
% Based on surface ocean pCO2 measurements: data driven approach to
map observed pCO2 data with a set of predictors (e.g. SST, chlorophyl,

Mixed layer depth)
% Differents statistical models (Random Forest (Becker et al, in prep), Multi-Linear

Regression (Becker et al, 2021))
% 1998 - 2019, monthly pCO2, daily air-sea fluxes; 0.125° resolution

= CO2 fluxes estimated from pCO2

pCO2 = CO2 fluxes
e L ) . 2 g " Ocean as a
winter | § summer | winter summer |  SOUrce
70%/. >0.~1“ (" 700%/‘ : ” N
j E / I 50 E
g T
O: o
oo
2 o
=

=2 l Oceanasa
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VERIEY T3.1 Collate state-of-the-art driving data

Coastal ocean fluxes

% Merging the coastal ocean fluxes with open ocean fluxes

% Choosing the coastal product where it is available

% Combined product covering 2020 will be available in early August

Combined product

Coastal fluxes, RF Open ocean fluxes
(Becker et al., in prep) (Rédenbeck et al., 2014)

’0°w — .
0° - 1°°E 20°E

Average fluxes for 2019

VERIFY GA - WP3 | April 28t , 2021

Flux /g Cyrim2



vErRIFy Lateral fluxes

Lateral C fluxes and associated CO, emissions from inland waters
H. Zhang, C. Gommet, G. Laruelle, R. Lauerwald, P. Ciais and P. Regnier (ULB, Belgium & IPSL-LSCE, France)

CO2 evasion from European inland waters using an empirical model (based on GLORICH observational data)
0.1° x 0.1° climatology (mean over the last 3 decades) Key Limitations

- No temporality (seasonal & IAV)

- No linkage with terrestrial C leaching (DOC +
POC + CO2)

flux [g C m2yr?)
M <-s

S.
-2
0.
2.
- 1

UINON

~N
o

v Em 520
’

No flux

Petrescu et al., ESSD, 2021
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veErRIFy Lateral fluxes

«»

Lateral redistribution of carbon in Europe using a land surface model ( ORCHIDEE-C,,,.,./)

_ . , Erosionscheme in ORCHIDEE-C,,, .,
- Numerically efficient erosion scheme based on MUSLE

= High spatial-resolution scheme (3’) s r-g Climate forcing (GSWP3), Vegetation distribution (Luha.rc2), Sod bulk density (HWSD v1.2)
& v
-

-« Smart » upscaling strategy (0.5°) 'Z”" ‘}’;" 25
rols ©ref - ~

Voo ity L <5 I ==

(¢) K-factor (ESDAC :
(a) DEM (HydroSHEDS) soil orodibity data) Vegetation cover (C)

|
1—9004—

m s }
- & ——
=105 g 5 8 sectonz34 <
5 o <
area and siope of (d) Reference sediment delivery (e) Reference sediment delr
Idduster basie Sl o dach Reacheste Dokt Tate for 66ch 0.0 5 pbial
i (Mg day' basin") (Mg day" pixet")
ORCHIDEE-C,,,.,., ;
(a) Surface water erosion  Wot & dry co,  Decomposition of POC & DOC in water bodies Time step
(Sediment. POC, DOC) - deposition 3 : , Zhang et al., JAIMES, 2020
- Hydrology & photosynthesis: 0.5 hour
Bank erosion §_ - Plant growth & mortality: 1 day
{Sedimant, POC, DOC) e - Litter & SOC decomposition: 1 day
g - Erosion & fluvial transfer: 1 day ¢
L | - Aquatic CO; evasion; 6 min - Terrestrial fluxes
Upstroam input Lpoce = , hmctosalbl fuod - Soil erosion
Sodi POC, DOC| - .
s ’ Bankfullflow  Floods toriver = CO,evasion - Soil DOC, CO2 leaching
- Riverine transport
®»e - POCsedimentation & OC decomposition
WS - River CO2 outgassing
\ - Impact of lateral C fluxes on soil C stocks
Floodplai Transport, deposition, re-detachment i
... i depcsiion, et Zhangetal., in prep.
DOC & CO, infiltration)
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Lateral fluxes with ORCHIDEE-C,,.,,, 16

§ § 8

Simulated mean water discharge rate (m3 s
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Observed annual sediment discharge rate (Tg yr'')

v

Observed TOC concentration (g C m™)

Lateral fluxes

TOC concentration
(gCm?)

e il
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—— Simulation === Observation

12 catchments (time)

57 catchments (space)

Zhanget al., in prep.
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verRIFy Lateral fluxes

<>

River CO, evasion with ORCHIDEE-Cyysqra) Lake CO, evasion from observations

Mean flux from observed climatology Seasonal variability from upgraded empirical model
> Winter ‘ Spring
8 e 8
Ras & Q3s
: 3
Multiple Linear § i I
Regressions to predict e
pCO, from predictors s bl
Fall
(Temperature, Surface, |_ * o
Altitude, Latitude) %35 %35
Seasonal variabilityand IAV from ORCHIDEE-C_,.,., i. g@ <o [F1 .-,a'ﬂﬁﬁ-’ 2048
@ 0 1 @ 3 4
25 " 25
25 3 35 4 25 3 35 4
observed pCO2 observed pCO2
Seasonally-resolved inland water CO, evasion from Europe
co2 outgasing from Rivers & Lakes [gC m"yr"] ; cqzomgaflngffo@ R'f’,"'“,"i’,"“‘: m"yr") Coqymgulngiﬁmklvofnslj.kfs (gC m”yv"]
E R & Month 8 PR, 3 Month 12 .
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Laruelle et al., in prep.
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vErRIFy Lateral fluxes

To conclude: European land-river C budget with lateral fluxes

(c) DOC
Fsus_poct Wet deposition CO;
2142079 TgCyr" (16.7%)
Lateral C loss: 47 (38+7) Tg Cy?
Upland loss Sea (68.9%
66.3911.73 TgCyr' 13'122?_(16 Tg g v Export to sea: 21 TgC yr?

POC decay Infiltration to sail T i,
0.0210.001 Tg C yr' (15.4%) =Rz exaglanc 125 TR L yF

(b) POC co, DOC IW sequestration: 6.5 Tg Cy?
(6.4%) (0.3%)

Upland loss Sea (56.2%)
7.54:0.81 Tg C yr" 4.24+0.38 Tg C yr”
Next steps
Deposition
0
SN - 1AV of lateral C fluxes
(d) CO;
Fsub_co2 CO; - Impact of lateral C fluxes on terrestrial C sink

7.24+265TgCyr'  (80.4%)

Impact of lateral C fluxes on coastal ocean (TBD)

[ whndiioss Sea (15.2%)
4 N (4
13.24+2.23TgC yr 3.64+0.53 Tg C yr”

POC&DOC decay Infiltration to soil
3.48+0.48 Tg Cyl’1 (44%) Zhang et al.’ |n prep.

VERIFY GA - WP3 | April 28t , 2021



&=
\V’ER'FY WP3 — MAaIN AcHIEVEMENT M19-M36

e T3.1: UPDATE state-of-the-art driving datasets

e T3.2: UPDATE the bottom-up budget of terrestrial CO2
fluxes using a few complementary models
(statistical or process-based).

e T3.3: UPDATE the Europe-wide inversions of NEE using in
situ data of atmospheric CO2 and a high-resolution
transport model.

e T3.4: Develop new multi-data model fusion strategies to

investigate CO2 budgets and trends; Specific focus on
Eastern Europe.
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‘V'ER..:Y T3.2 Bottom up budget of CO2 fluxes
L

APPROACHES
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T3.2 Bottom up budget of CO2 fluxes
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LULUCF - FRANCE

‘x’gmw T3.2 Analysis of the drivers of CO2 fluxes

Kyoto Protocol (entering into
force)

------ Paris Agreement
—— UNFCCC LULUCF NGHGI (2019)

UNFCCC LULUCF NGHGI (2019)
uncertainty

MS-NRT
FAOSTAT
BLUE
H&N

>D> D> e
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2015  Mean of
overlapping
timeseries

--- Median of TRENDY v7 DGVMs
Min/Max of TRENDY v7 DGVMs
€ ORCHIDEE
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‘JER,FY T3.2 Data-driven: Forestry by EFISCEN Space (WUR)

* EFISCEN Space model initialised on NFl plot data for 12

countries Legend
+ Individual tree f:“‘“ m2eecd)
* Climate sensitive growth functions P e
* Harvest patterns derived from repeated observations -
on NFl plots, for different management intensity
classes

*  Providing NEP, NBP and harvest flux

Fully new approach for bottom up medium resolution forest
carbon flux

e ,f\" 3 :
FY =
[ e 1 Y B " "
| ecall] 7 a5l : Legend
2 s 7y
P i o Harvest flux (kg m-2 sec-1)
/ ‘ S Ve
¥ '.‘;v‘v.(t_l b e e Heln
g 'Ii .
5 v - e O
S, =3
A A
oy g
[a eels
T A
P’." < J .,,'//‘; > \\. &‘J\ -
X "
S ey S
e .

Harvest intensity (Nabuurs et al. 2019)

VERIFY GA - WP3 | April 28", 2021



VERIEY EFISCEN Space (WUR)

Growing stock

SWITZIRLAND

k]
AUSTRIA

SWITZERLAND

7 SLOVENIA S
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VERIEY EFISCEN Space (WUR)

Harvest rate

Harvest rate (m3 ha-1 yr-1)

SWITZERLAND
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Frequency

VERIFY

EFISCEN Space (WUR)

Germany initial growlng stock Germany harvest rate
2 B
1 i 3
- o~
g 1 i -
3 8
o] L ® -
w
o
8_ 2 R B
- o
3 L S -
B ™
o
=] g
o - o -
r T T T 1 r T T T T T
0 400 600 800 1000 0 5 10 15 20 25
Volume (m3 ha-1)

Harvest rate (m3 ha-1 -1)

VERIFY GA - WP3 | April 28", 2021



VERIFY

«»

Growth functions in EFISCEN Space work well

EFISCEN Space (WUR)

... and result in increment rates close to what countries report

16.00

14.00

-
»
=]
(=]

-
e
=]
=]

8.0

o

6.0

Gross increment (m3/ha)
o

&

" EFISCEN
Space
u SOEF 2020

Next steps:

Include more countries

Difference between EFISCEN Space and State of Europe's Forests for gross increment
Check of results by countries
Soil carbon module

(m3/ha)
I I I i I Cost module
o\"’(\b @b&o é‘b

. xm * Dynamic mortality
€ & & o

ol & &
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‘V'ER..:Y T3.2 Forestry by IIASA’s GAM/FLAM

<>

VERIFY Input data:

Meteo data

HARMONIE daily dataset: cruhar_v3_1 and
shortwave solar radiation (cruhar_v3_2) for
2002-2018;

ERA dataset (cruera_v1.1) for 2019

Land cover

Annual maps from HILDA+ for 2001-2015

IIASA’s GAM/FLAM output variables of carbon cycle

Variable Unit Description Temporal
aggregation

FCO2_NPP [kgCm? FCO2_NPP_FOR/ Annual
_FOR yrt Fluxes per square
meter of forest

AGB kg Cm?2 | Above Ground Biomass | Annual

3
70.0N

50.0°N

50.0°H |-

40.0°N

70.0°N

6D.0°N

S0.0°N

4.0

20.0°W 10.0°W

0.0¢ 10.0°E 20.0°E

80.0°N

s

000N

20,04 1000w

FCO2_NPP_FOR (kg Cm2yr?)in 2019

20.00 10,00

0.0° 10.0°E 20.0°F

20.0°W

AGB (kg C m2) in 2019
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FCO2_NPP_FOR, kg C m-2 yr-1
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VERIFY

T3.2 Analysis of the drivers of CO2 fluxes

What drives the change in NBP trend between
1980-1998 and 1998-2012 in Europe?

NBP anomolies (Tg C yr-1)

200 A
1_
100 - i~
N o
Ly
>
= 1
0 (o) I
B2
2 =2
o
—100 A =
o
m 31
2
—200 - —4
1980 1984 1988 1992 1996 2000 2004 2008 2012 1980-1998 1998-2012 Atrend
Year
- ORCHIDEE S3 B ORCHIDEE S3

--- ORCHIDEE S3 best-fit line
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‘Jenu:v T3.2 Analysis of the drivers of CO2 fluxes

EU-27+UK
positive value is land surface sink

CO2 increased sink strength of NBP in

21 1998-2012 compared to 1980-1998

Change of trend (Tg C yr-2)

NBP

BN CO2 (S1)

27
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‘Jenu:v T3.2 Analysis of the drivers of CO2 fluxes

EU-27+UK
positive value is land surface sink

CO2 increased sink strength of NBP in
21 I 1998-2012 compared to 1980-1998
y | B BUT climate and LCC
: decreased sink strength

Change of trend (Tg C yr-2)

NBP

EEE CO2 (S1) EEl CLI (S2-S1) Bl LCC(S3-S52)
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‘Jenu:v T3.2 Analysis of the drivers of CO2 fluxes

4

EU-27+UK
positive value is land surface sink

CO2 increased sink strength of NBP in
1998-2012 compared to 1980-1998

i B BUT climate and LCC
decreased sink strength,
resulting in a overall weaker
A NBP sink for the land
5 surface

Change of trend (Tg C yr-2)

NBP

BN CO2+CLI+LCC (S3) EEE CO2 (S1) EEl CLI (S2-S1) Bl LCC(S3-S52)

29
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VERIFY T3.2 Analysis of the drivers of CO2 fluxes

NEE driver: GPP or TER?

Pixels classified according to
mean temperature and precipitation

Pixels classified according to
from 01january1997 to 31December2016 mean temperature and precipitation

Sy from Ol)January1997 to 31December2016
3500
W/D
70°N 7
L~ 3000 -
2500
T/D =)
|
60°N >
£ 2000 -
E
2
v
@ 1500 -
c/D a
50°N
1000 A
o 500
40°N Wek
i ) 3 0 5 10 15 20
20°W 0° 20°E 40°E T [degrees C]
30
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T3.2 Analysis of the drivers of CO2 fluxes

NEE driver: GPP or TER?

Fluxcom RS only ANN GPP vs. CSR (valid100km) NEE

0l-January-2006 to 31-December-2015

Removed a linear fit for each month from the timeseries

b

70°N
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60°N

- 0.50

r0.25
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40°N
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F—0.25

Growing season (MJJA) correlation [-]

I —0.50

=0.75

-1.00
20°E
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0.0 A

Fluxcom RS only ANN GPP vs. CSR (valid100km) NEE
01-January-2006 to 31-December-2015

Removed a linear fit for each month from the timeseries
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e T3.1: UPDATE state-of-the-art driving datasets

e T3.2: UPDATE the bottom-up budget of terrestrial CO2
fluxes using a few complementary models
(statistical or process-based).

e T3.3: UPDATE the Europe-wide inversions of NEE using in
situ data of atmospheric CO2 and a high-resolution
transport model.

e T3.4: Develop new multi-data model fusion strategies to

investigate CO2 budgets and trends; Specific focus on
Eastern Europe.

32
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T3.3 Inversion of NEE

Based on one system: Jena CarboScope-Regional

Two step scheme:
Global inversion (TM3) to provide the lateral transport
Regional EU inversion (STILT) at 0.25° resolution - 1h resolution

Fossil fuel emissions and Ocean fluxes are prescribed

Solve for terrestrial NEE fluxes for period 2006 - 2019 but using
corrections at 0.5° - 3h resolutions

Test different land NEE priors and ocean priors
BO: VPRM : simple diagnostic model

B1: Fluxcom : data-driven model

B2: SIBCASA: process-based model

Test also different [COZ2] station networks
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Domain-wide

T3.3 Inversion of NEE

CarboScope-Regional inversions

Different prior flux models, similar posterior fluxes

< FLUXCOM posterior

SiBCASA posterior
VPRM posterior

=
- - =
il A

¢ -
-
____________

-
-

---------------------------------
-----------

2006 2008 2010 2012 2014 2016 2018

VPRM (2018) FLUXCOM (2018)  SIBCASA (2018) NEE (PgC.yr %)

0‘ 46 sites

O‘ 46 sites

3e-04 Innovation

se-04 (POSterior-prior)
1le-04

0e+00

-le-04
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VERIFY T3.3 Inversion of NEE

CarboScope-Regional NEE and Temp. anomalies

ﬁring (2018)
(4

APrior NEE(ugC.m~%s™h)

N
o
APosterior NEE prior (ugC.m ™~ %s™)

HALONA

ATemperature (K)
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VERIFY T3.3 Inversion of NEE

CarboScope-Regional NEE and Temp. anomalies

/Spring (2019) Summer (2019) Fall (2019) Winter (2019) e
- e g ] o £ ] oo g - oo g oo g Tw
L4 N L4 N L4 N L4 N L4
4 ¥ G v v ¥
£,

o
APosterior NEE prior (ugC.m%s™)

ATemperature (K)

SALONA
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T3.3 Inversion of NEE

Key messages

Posterior NEE strongly driven by atm. CO2 data (not prior, not ocean)
But posterior fluxes depend critically on station network; much more than
on the prior NEE fluxes

Interannual variations of Posterior NEE resembles that of prior from
VPRM

CO2 sink for 2019 was stronger than in 2018 over all Europe, specifically
for regions affected by the 2018 drought (north Europe)

Outlook

Include prior fluxes also from Orchidee

Include “coastal” ocean flux estimates and lake fluxes

Additional transport model: footprints from Flexpart / LUMIA system
(Guillaume Monteil, U. Lund)

Use Community Inversion Framework (CIF) to assess transport model

errors
2020 NEE estimates by Sep. 2021
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e T3.1: UPDATE state-of-the-art driving datasets

e T3.2: UPDATE the bottom-up budget of terrestrial CO2
fluxes using a few complementary models
(statistical or process-based).

e T3.3: UPDATE the Europe-wide inversions of NEE using in
situ data of atmospheric CO2 and a high-resolution
transport model.

e T3.4: Develop new multi-data model fusion strategies to
investigate CO2 budgets and trends; Specific focus on
Eastern Europe.

38
VERIFY GA - WP3 | April 28t , 2021



- T3.4 Research need to reduce NEE uncertainties

VERIFY
N

e Carbon cycle data assimilation e ‘ L
systems (CCDAS) LSM\_) & | -

Observed data - y [~ Jx) w’
7 ' % %% ; ‘w}”fﬁt\ A Op:.ms\:Mdlotpt

t o - r
= Simulations for late 2021 Tl bR A L
DATA ASSIMILATION SYSTEM: parameter optimisation
BETHY-CCDAS ORCHIDEE-CCDAS CTDAS

Assimilation of

e Satellite soil moisture

e Satellite L-VOD

e [n situ atm. CO2 data

e Nighlights (for FF model)

Two-step assimilation
e Fossil Fuelat0.1 in
FFDAS
e Biogenic fluxes at 0.25 in
CCDAS
Optimisation of
around 70 parameters in
CCDAS and 1.5M in FFDAS

Assimilation of
e FluxNet in situ data
e Satellite Fluorescence
e In situ atm. CO2 data
(using LMDZ model)

Optimisation of
e around 150 parameters
e stepwise assimilation of
each datastream
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Dynamic a-priori fluxes
Using near real-time statistical
data (EU, Eurostat,...) and
weather data to fill in short-term
variations in fluxes at ~2km

Assimilation of
e [COS CO2 mole fractions
e A14C, CO, NO2

Optimisation of
Around ~10 parameters per

country, sectorial FF emissions,
NEE per PFT
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2-step optimization scheme:

1.  FFDAS provides fossil fuel emission estimates consistent with observations of nightlights and emissions

from point sources.

2. optimized fossil fuel emissions are used in CCDAS to provide terrestrial carbon fluxes consistent with
observations from the SMOS satellite as well as atmospheric CO2 concentrations (currently running).

Results from step 2 based on CDIAC fossil fuel emissions (Boden
et al, 2016) focussing on Europe (TRANSCOM region):

Mean annual NEP 2010-2015 (+ sink)

.

-

Europ. flux estimate

Annual average 2010-15 in GtClyr

- : ‘ = ; Experiment NEP NPP

& £ iy ; - . ; Prior ~0024+1.19  4.60+0.81
. | co2 0184012  4.82+0.16
CO2+SMOS 0304008  4.82+0.12

-500 —-400 -300 —-200 -100 O 100 200 300 400 500
[ gC/m~2/year ]

Scholze et al., GRL, 2019
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Evaluation against ind. CO2 data at Monte Cimone (top) and Assekrem
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CT Europe Lagrangian: joint FF-NEE optimization using
radiocarbon and CO, mole fractions

VERIFY

4

PhD research Auke van der Woude

Only CO2 used

Data assimilation of CO, and radiocarbon (A14C)
to constrain the sources and sinks of CO, in
Western Europe.

-> Simulations of hourly varying FF emissions
(households, traffic, industry, power production,
renewables).

-> Simulations of hourly photosynthesis and
respiration by biosphere (2x2km)

-> Simulations of atmospheric transport (CO,,
A14C, CO, NOx) and weather (renewables and
biosphere)

A14C and CO2z used

4 &

FF True - Optlmnsed CO; only

!
o
~
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Flux difference [ mol m~? 577]

Flux difference [ moi m~7 57%]

Biosphere True - Opumnsed Cco; only

02

00

-0.2

assimilation of A'4C helps separate local w Sy 04
sources ( ) from diffuse sinks (bio) -

Flux difference [u mol m™2 s7%)

Flux difference [u mol m=* 57%)
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Germany Netherlands

France
(FF 32.4; Bio 25.0 (FF 7.8; Bio 5.2 (FF 14.1; Bio 54.6
[GgC/h]) [GgC/h]) [GgC/h])

- .
|::os.ref°\ ICOS.ref 0.9

h‘e ICOS.18
A
/ c05.18

I e
shorter arrow = c 4 .
closer to truth -

Prior

’._JC)

O

[
0

C

a
- o

Prior ICOS.ref IC

Addition of A14C (18 samples/month/site) reduces uncertainty of FF and NEE
Estimates come (much) closer to truth for ICOS well-covered countries
RINGO (H2020 project) network also tested: going closer to FF sources and
targeted sampling can help, but not as much as increasing # of sites for CO
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| VERIFY T3.4 HILDA+ Land Use Change for Europe

HILDA+ land use/cover (LUC) change 1x1km/ global/ 1960-2019 (annual)

{ HILDA+ for Europe at a glance:

Py o Six main LUC classes
e Full land transitions =
gross change

e Forest classes on top,
based on ESA-CCI LC

-

—> Synthesis LUC
dataset with
unprecedented
spatial, temporal
and thematic

detail.
B urban I forest (deciduous, broad leaf) [ forest (deciduous, needle leaf) [ | grass/shrubland
[] cropland B forest (evergreen, broad leaf) B forest (mixed) || sparse/no vegetation
[ ] pasture/rangeland B forest (evergreen, needle leaf) [l forest (unknown/other) B water

Publication: Winkler et al. (2021): Land use changes are four times greater than previously estimated. Nat Comms (in press).
Dataset available at: https://doi.org/10.1594/PANGAEA.921846
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Carbon sink potential of Eastern Europe

Carbon sink estimates for European regions

.l _
EUR-North
0.2
~ | |
S 01 | |
E o | | European Russia
O = |
5 0.0 <« 06 | |
° e | G | |
0.1 o '(U 0.4
EUR-East ( R ia) & & l |
-East (ex. Russia) £
EUR-West 03 Ui @ | |
0.3 x l |
E ~ ' | S <02 | | 0 -
s 2 o — O _
e 0
01 l |
EUR-South from Anatoly
0.2 | | (2010-2015)
= EFISCEN
(= D
@5 0.1 | l Bl SURF B 20102018)
S Lﬂ; | l L-VOD CBM
E @r0 B 00010 Bl GOSAT (2010-2015)
& L-vOD UNFCCC
-0.1 ! | - (2015-2019) Bl ocoz (2010-2015)

Most of carbon sink occurs in Eastern European (EUR-East + European Russia):

L-VOD AGB (2010-2019) ~0.46 GtC a™'
SURF, GOSAT, OCO2 Inversions  ~0.45 GtC a™
EFISCEN, CBM and UNFCCC ~0.32 GtC a™*
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T3.4 The Eastern European carbon sink

K. Winkler, H. Yang, R. Ganzenmdliller, R. Fuchs, F. Chevallier, J. Pongratz and P. Ciais
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VERIFY T3.4 The Eastern European carbon sink

Q K. Winkler, H. Yang, R. Ganzenmdliller, R. Fuchs, F. Chevallier, J. Pongratz and P. Ciais go\“g

o“
resea‘c

Carbon emissions from land use change
Aggregated carbon emissions from BLUE (based on HILDA+)

) 2010-2019
3% 70
-6
b &5
-4
$ o 2
E M2 g
E g
. 2 ss o
-02 0.1 0.4 07 10 13 16 o' R
ABC wend [MgC/ha'a) (data from Liu et al. 2015) “é 0 g-
g 50 N
ABC trend 2003-10 (Reuteret al., 2017) = g
- o8
& §
N bl
. -4
40 .t
¥ -6
Eastern Europe = i ; :
20 ' ] v
Crop (HILDA+ v201101) Crop (LUH2 vGCB2020) 0 10 5 » » 3 % % %
—— Pasture (HILDA+ v201101) —=~ Pasture (LUH2 vGCB2020) lon [degrees_east]
54— Harvest (HILDA+ v201101) ——- Harvest (LUH2 vGCB2020) B
—— Abandonment (HILDA+ v201101) === Abandonment (LUH2 vGCB2020)
—— Total (HILDA+ v201101) —-—- Total (LUH2 vGCB2020)
_1 . .
10 BLUE (HILDA+) ~0.03 GtC a™' (net emissions)
7 i — Forestry and agriculture decrease carbon
= Y
* Jd = \ H
81 TN sink effect from land abandonment.

1950 1960 1970 1980 1990 2000 2010 2020
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Thank you for your attention.
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 776810
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Additional slides
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T3.2 Bottom up terrestrial CO2 fluxes

VERIFY i
FLUXCOM data — driven model (MPI
b (MPD

NEE May 2015

Forest

ANN

RF

NEE [kg C/ m2 yr]

-1.4 —1.2 —1.0 -0.8 -0.6 -0.4 —0.2 0.0
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‘anu:v T3.3 Inversion of NEE

-
NEE estimates for 2019

Posterior Innovation [PgC.yr'l]

4e-04

2e-04

VPRM

pri or - 0e+00

-2e-04

-4e-04

6e-04
4e-04
2e-04
0e+00
-2e-04

Fluxcom
prior
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VER'FY T3.3 Inversion of NEE
Inversion using satellite OCO-2 data (LMDZ model)

Annual CO2 vegetation

flux estimated by the 68% European Union:27.+ UK
uncertainty envelope of 1000
the latest two CAMS 500
inversions (blue for the = 0
: 5
surface-driven one and > 500
pink for the satellite-driven & 1000
®)
one) for the 27-member = G
Eu.ropeal."n Union and 2 o000 [
United Kingdom together. —
Positive values indicate a
-3000
source Of C02 to the 2015 20155 2016 2016.5 2017 2017.5 2018 2018.5 2019

Year

atmosphere.
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"VERIFY T3.4 Research need to reduce NEE uncertainties

b

OCO-2 satellite derived Column integrated CO2 conc.

Ex.: August 2018 Evaluation against TCCON data

= FOCAL v08 - Bias [ppm] Scatter [ppm]

Sodankyld

East Trout Lake
Bialystok

Bremen

Karlsruhe

Paris

Orleans
Garmisch-Partenkirchen
Park Falls

Rikubetsu

Heiei

Burgos
Ascension Island
Darwin

Reunion Island
Wollongong
Lauder

Overall Dk

s °5 9

= Next step: Evaluation against campaign data in St Petersburgh
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VERIFY meteo data
(CRUHAR v.3.1,
1981-2019)
VERIFY soil data
VERIFY land cover

[Variable | Unit |
R & month

e

kg m2 month-!

EZ3 kg C m2 month
kg C m2 month*
kg C m2 month*
TT kg € m? montht

"

kg C m? month*

I e C - monti

.

kg C m?2 month

A
(e )
\ y

- ./'

Description

Total Soil Moisture Content

Total Runoff, Drainage, and Subsurface
Runoff

Total Evapo-Transpiration

Carbon in Vegetation

Carbon in Litter

Carbon in Soil

Net Primary Production - total

Net Primary Production —
aboveground

Net Primary Production —
belowground

Heterotrophic Respiration

C Flux to Atmosphere from harvested
crop biomass consumption

soil carbon loss with sediments (water

erosion)
leached soluble carbon

1 Pan-European
gridded model
EPIC-IIASA

T3.2 EPIC crop model

Monthly C stock and fluxes:

EPIC-IIASA

704

704

04

504

404

EPIC-IIASA

X2019.05.01

Temporal aggregation i 0 10

1=t day of month

Monthly sum of daily w]
fluxes 5
Monthly sum

1** day of month

Monthly sum >
1=t day of month

Monthly sum

Monthly sum

04

2

Monthly sum 0 5 P

Monthly sum
Last day of year

Monthly sum

Monthly sum
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Regridded to VERIFY

cVeg

(kgC/m2/month)
<002
002005
00501
01015
01502
0203
0305
05

cVeg

{kgC/m2/month)
<0.02
002006
00501
0.1-0.15
01502
0203
0305
05



*VERIFY T3.2 FLUXCOM data — driven model (MPI)

machine learning + glrzz?étgrr?ded data sets of

* higher spatial resolution &
subdaily

« extended and improved training
and feature data sets

Global gridd'ed estimates of carbon fluxes

* new machine-learning methods
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veriry T3.2 Process-based : ORCHIDEE ecosystem model

«»

Drought effects (2018, 2019)

2018 NBP [kgC/m2/y] ANM 2019 NBP [kgC/m2/y] ANM
0.20 0.20
0.15 0.15
70°N = 70°N =
0.10 0.10
0.05 0.05
60°N 60°N
0.00 0.00
So°N -0.05 So°N -0.05
-0.10 -0.10
40°N -0.15 40°N -0.15
20°W o° 20°E 20°E 0220 20°W o° 20°E 40°E %0220
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“V'ER,FY T3.2 Bookkeeping : land use flux model (BLUE)
<>

e Implemented HILDA+ in BLUE Europe

100 -

e Revised model setup for runs at 50 1
0.01° degrees (previously 0.25°)

e Total LULC emission estimates are
comparable to runs based on LUH2 ~100

in size and trends for overall Europe

—150 4|—— ELUC (LUH2) Crop —— Harvest I WOTTS o L §
----- ELUC (HILDA+ high res.) —— Pasture —— Abandonment

but national differences exist

19'50 19I60 19I70 19l80 19'90 20I00 20I10 20I20
ELUC - Sum of 1990-2019
e Elimination of extreme values (i.e. LH2 | HILDA+ high res.

1960, 2015) in the BLUE runs based
on HILDA+ suggests a higher

reliability

e High resolution runs based on
HILDA+ capture heterogeneity

better and provide a more detailed

0 5 10 15 20
tons C per ha tons C per ha

picture of local sources and sinks
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VERIFY T3.2 Analysis of the drivers of CO2 fluxes

<

CROPLAND - SPAIN

20 ®
: - 80000
101 ® : ¢ 5
® ® | 4 © ® ° - 70000
o ° @ ° \ P
0- ¢ 7S - 60000
. ®o000, PR T o o 2 e Je08 4 g
- o ® o o gﬁ.. LI RO 8 e - @ 500005
—104{® < ' Q 6) : % g5
L{; °® é - 40000 8
= i ¢ S
=270 : : - 30000
- 20000
_30 _
- 10000
—40 T T T T T i T ; T 0
1990 1995 2000 2005 2010 2015 Mean of
Year overlapping
timeseries
------ e FEOLOCAL (SRLETIRGINTG UNFCCC_CL-CL uncertainty © EPIC_CLCL
______ Paris Agreement @ ORCHIDEE_CL-CL :-nugﬁ\(l:il_lgslﬁfc)CI_CL_CL area (used
) ® ECOSSE CL-CL
NREEC ELEL UNFCCC_CL-CL area
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