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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



Overview of WP4

>
w
14
(0
>

S|apow |D21351101S
pub paspq-ssaloid

- Natural emissions

nga Ly

suolIsIaAul d1iaydsowly

aLeév

a’y ey

VERIFY GA meeting | May 9t -11% , 2022 |Paris



VERIFY
N

Bottom-up: agriculture

Overview of models and methods

Method/Model

Sources

Notable Inputs

CAPRI
Statistical model using
emission factors

enteric fermentation (CH,)

manure management (CH, + N,0)

direct + indirect emissions (CH, + N,O)

crop areas, yield,
livestock densities,
nutrient inputs

EDGAR
Statistical model using
emission factors

enteric fermentation (CH,)

manure management (CH, + N,0)

direct + indirect emissions (CH,; + N,O)

crop areas, yield,
livestock densities,
nutrient inputs

ECOSSE
process-based land
surface model

soil emissions (N-,0)
(cropland, grassland, forests)

climate, land-use,
nutrient inputs, & soil
data
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VERIFY Bottom-up: agriculture

N

CH, emission estimates

CAPRI estimates based on Farm Structure Units (FSUs) at ~10 km resolution using Tier 1
and 2 approaches. Emissions from enteric fermentation estimated using Tier 2 based on
energy and nutrient requirements and feed. CH, emission estimates biannual 2000-2018.

CAPRI emissions in 2018 CAPRI uncertainties (%) in 2018

CH4 emissions [1000 kg CH4/yr] CH4_unc emissions [%]

7000
34

6000
32

- 5000 55

~ 4000 L g

Latitude
Latitude

~ 3000 /26

2000 24

1000 22

20

Longitude Longitude
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Bottom-up: agriculture

N,O emissions estimates

CAPRI estimates based on Farm
Structure Units (FSUs) at ~10 km
resolution using Tier 1 and 2
approaches. N,O emission
estimates biannual 2000-2018.

CAPRI emissions in 2018 CAPRI uncertainties (%) in 2018

20 emissions [1000 kg N20#yr] 20_unc emissions [%]

300
55

250
50

200
45

Latitude
Latitude

150

40

100

35

30

Longitude Longitude

ECOSSE model revised to include new N-fertilizer
data and moved from monthly to daily time
steps. Simulations made for wheat crops but will

be expanded to other crops.
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L . Bottom-up: all anthropogenic

b

CH, emission estimates from EDGAR-v6

Emissions decreased by 33% from 1970 to

2018, mostly in waste and energy sectors

Other
m Fuel production and transformation
M Transport
M Small scale combustion
Industrial combustion
m Waste
¥ Enteric Fermentation
B Manure Management
m Agricultural soils and residuals burning

.0e+ .0e-4

\
o
[=]
o
[=2)
Mt CH4
N
o

6.0e-4 16.0e-2 15
6.0e-2 [J6.0e-1
) 10
= 6.0e-1_[6.0e+0
6.0e+0  3.0e+1 >
3.0e+1 6.0e+1 0 i |
o R 6.0e+1 | 2.4e42 SN N NS R g kgt
Thin T e+ 4e+ RANAAAAARARNNA R ARG GGG A AR
. o el A A A A A A A A A A A A A A

Vv
-t
()
[
+*
w

b Tot:3.7e48 (-1.8+4 - 8.4e+5)
S Avg:1.5e+2  StDev:2.3e+3
i % Unit: tons/year/gridcell

EU27+UK plurality of emissions from

1% agriculture, 48%, next most important

B Agricultural soils and residuals burning

% Manure Management

M Enteric Fermentation

W Waste
Industrial combustion

M Small scale combustion

B Transport

™ Fuel production and transformation
Other
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Bottom-up: all anthropogenic

N,O emission estimates from EDGAR-v6

Emissions decreased by 31% from 1970 to
2018, mostly in the industrial sector

® Agricultural soils and residuals burning
" Manure Management
u Waste
Indirect
o Industrial combustion
® Small scale combustion
Transport
u Fuel production and transformation
Other

Gad .>1.2e+3

.0e+0 J§6.0e-4
.0e-4 |§6.0e-2
.0e-2 |§6.0e-1
6.0e+0
6.0e+0 = 3.0e+1
3.0e+1 6.0e+1
6.0e+1 | 2.4e+2
4.50+2
1.2e+3

=
ollo

o

Tot:8.7e+6 (2.2e-4 - 1.4e+4)
Avgi1.3e+0  StDev:l.8e+1
Unit: tons/yeargridcell

W Small scale combustion

Other m Fuel production and transformation M Transport

Industrial combustion W Indirect

H Waste = Manure Management W Agricultural soils and residuals burning
1.8
1.6 -
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o jiEEEENER g aegaaiaeaRBg PR AR R Ry [
s 10 'R N i
2 'R EREEEREEREg
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EU27+UK plurality of emissions from
agriculture, 69%, next most important
is chemicals industry (other) 15%
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Bottom-up: wetlands

New models estimates using JSBACH-HIMMELI

* European estimates at
daily and 0.1° resolution
covering the period
2000-2020

* Global estimates for
2005-2019 at 1.875°
resolution and monthly:

Peat =22 Tg/y
Mineral soil = 129 Tg/y
Soil uptake = 56 Tg/y

Peatland emission 2005-2020, (g [CH4] m-2 a-1)

Inundated land emission 2005-2020, (g [CH4] m-2 a-1

-

Z
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VERIFY Bottom-up: wetlands
<«

Evaluation of JSBACH-HIMMELI CH, fluxes

sssssssss

* Comparison to in-situ flux

measurements at 7 - el
pristine European Lt g
peatland sites TEEEYY T Iy |
S M a Ot O i f: N & R RO
* Good agreement at all LR AT R TR RS
sites in terms of o S SN S e 00 S AT S N el
seasonality and inter- S —
annual variability s . —— e —

[N}
T

]
3]

daily mean CH4 flux [mol /m?s]
-
T

o
v

5 i =
Jan 2012 Jul 2012 Jan 2014
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Bottom-up: inland waters

PROCESS-BASED MODEL

Physics
- 1D bulk mixed-layer thermodynamic CSLM

Carbon (multiple pools)
- lake NPP & heterotrophic respiration (modified from
Maavara et al. 17)

0,

- O, production, water column respiration,
Sedimentary O, demand, O, consumption by CH,
- Diffusion, TKE mixing & air-water O, exchange

CH, in Sediment
- Net CH, production
- Diffusive and ebullitive pathways

CH, in Water Column

- CH4(d) consumption by O,

- Bubble dissolution

- Diffusion, TKE mixing & air-water CH, exchange
- CH4(g) ebullition

UPSCALING: lake clustering approach
* Gridding: 2.5° x 2.5°, Lakes are divided into 4 lake-size
classes

Lakes (A<1km?)
T T 10
80 :
ES [
mEuREEE 8
70 L .
= ,ol; E N E
60 s T st {6 S
mun "
50 T sl P
40 C ol e i
(] B 5 sasossmas 2
-40 -20 0 20 40 60

* For each grid & class: lake depth, TN and TP loads from
watershed

”ﬂ' < TN inputs

e 3 [kmol N km-2yr:]
(= <1
(=] 1-5
B 5-10
Bl 10-50
Bl 50-100
B 100 -500
| >500

* Model forced by daily climate forcing at each grid
(ISIMIP)

* Downscaling to 0.1° (hydrolakes database, Messager et
al., 2016)
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VERIFY Bottom-up: inland waters

Spatio-temporal variability in lake CH, emissions (diffusive + ebullitive pathways)

Monthly CH, fluxes at the European scale (mean 2010-2016)
14 T T T T T T T T T T T T

water-air ebullitive flux
water-air diffusive flux
sediment-water ebullitive flux
sediment-water diffusive flux

Annual mean fluxes :

* Total : 3.2 Tg CH, yrt

e Diffusion:0.9 Tg CH, yr!
e Ebullition :2.2 Tg CH, yr!

12

10

Estimate extrapolated from
Rinta et al.: 2.5 Tg CH, yr?

Distribution
(per total area)

3

mg CH4/m2/d

30W 15 W 0 15E 30E 45 E 60 E
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VERIFY Community Inversion Framework (CIF)
\

CIF is community-based set of inversion tools in Python

CIF interfaced with number of transport models: CHIMERE,
FLEXPART, LMDz and TM5

Prior information for inversions provided by BU models in WP4

Inter-comparison exercise for CH, and N,O underway the results
of which will be used to estimate e.g. transport errors on fluxes

VERIFY GA meeting | May 9t -11% , 2022 |Paris 12
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CH, (Tgy™)

CIF Results: CH,

Inversions run by
FLEXPART, FLEXPART-
EMPA and CHIMERE for
2006-2019

27
flexpart

26

o flexpart_empa

25 1 °

24 1 °

23 1 °

22 1

21

20 T T T :
-10 -5 0 5

ACH, (ppb)

10

pOrI:)r flexpart p(())?terlor
102 * flexpart_empa 102
0.3 part_emp 0.3
207 : 0.4 5 chimere 207 0.4 Correlation
0.6

0.95
0.99
$ i 0.0+ T d | |
1.0 1.5 2.0 0.0 0.5 1.0 15 2.0

Normalized Standard Deviation

The 2 FLEXPART inversions provided
background mixing ratios — found negative
correlation between bias in background and

total emissions
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CIF Results: CH,

Broadly similar spatial
distribution of fluxes but
some differences in flux
increments (posterior—

T T T T T 1
15°W  5°W  5°E 15°E  25°E 35°E 15°W 5°W  5°E  15°E  25°E 35°E 15°W 5°W  5°E  15°E  25°E 35°E

73°N

63°N-

prior)
33
45
EU27+43 — prior 144 West 144 Central
407 chimere
T a5 flexpart 121 121
3 fl empal
2 30 10 10
T
© 259 & >‘Q~—Q_XZ *] §
20- 6 61 T —

TNorth 1south

| L

2006 2010 2014 2018 2006 2010 2014 2018

CHy (Tgy™)
L e B
o N » » ©

2006 2010 2014 2018 2006 2010 2014 2018 2006 2010 2014 2018

33°N

T T T T T T T T T T T T
15°W  5°W 5°E 15°E  25°E  35°E 15°W  5°W 5°E 15°E  25°E  35°E 15°W  5°W 5°E 15°E  25°E  35°E

The 2 FLEXPART inversions
similar magnitude and multi-
annual trends in emissions
(except southern Europe)

Problem with CHIMERE — will
be corrected!
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N,O (Tgy™)

N;O (Tgy™")

1.59

1.01

0.5

0.0,

0.5

I
~

o
w
1

o
N
!

o
e

0.0 ,

CIF Results: N,O

35e+00 73N flexpart .
Inversion run by FLEXPART for 50001 oo, T,
7.2e-02 A 7
2005-2019 106-02  53°N ﬁ,‘g; C . 0
1.5e-03 -2
2.1e-04 R e ﬁ )
CHIMERE runs underway! | sl B
3.1e-05  33°N1
15°W  5°W 5°E 15°E  25°E  35°E 15°W  5°W 5°E 15°E  25°E  35°E
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Use of TROPOMI CH,

Characterization of TROPOMI CH, for use in inversions

Evaluation against TCCON shows mean global bias of 0.9 £ 17.8 ppbv

TCCON/TROPOMI XCHy: time

1.04

102{7, ., tF

098{%. "

0.96

~1.00 <

2018-05

Comparison of TM5 (optimized with
NOAA surface observations) and
TROPOMI show similar biases as with
GOSAT, largely explained by TM5’s
representation of stratospheric age-of-air

2018-07

2018-09

2018-11
date

2019-01

2019-03

2019-05

TCCON/TROPOMI XCH,: surface albedo

TCCON/TROPOMI XCH,: zenith angle

098 . 0.98 %
bias corrected TROPOMI :
096 original TROPOMI 096 3
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 10 20 30 40 50 70 80
SWIR surface albedo Solar zenith angle
1.50
75 A 1.23
0.95
. 50 3
) 0.68 3
S Q
< 251 0.41 @
] '
o 0.14 o
N 0 o
o -0.14 £
£ 5
o 25 -0.41 T
bzl wn
L —_—
i -0.68 S
-0.95
-75 -1.23
-1.50

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
period
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D - Use of TROPOMI CH,

b

European inversions using TROPOMI CH,

Simulations of TROPOMI XCH, using CHIMERE at 0.5° degrees using prior fluxes
(same as CIF protocol) and posterior fluxes derived from CIF-CHIMERE inversions for

the year 2019

TROPOMI data (ppb) Prior simulations (ppb) Posterior simulations (ppb)
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D - Use of TROPOMI CH,
-

European inversions using TROPOMI CH,

CIF-CHIMERE inversions for
2019 find total EU27+UK
emissions of 24 Tg/y in line
with estimates using surface-
only observations

Emission increases of 5-15% found in Po Valley
(northern Italy), Netherlands and Belgium.
Increases of 2.5% were found in region of Silesia in
Poland — an important coal mining region

VERIFY GA meeting | May 9t -11% , 2022 |Paris
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VERIFY High-resolution inversions of CH,
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56

52

44

40

36

High-resolution simulations for Europe using FLEXPART-COSMO driven by
MeteoSwiss meteo fields (COSMO-7) at 7 km resolution

Background mole fractions provided by TM5-4DVar global optimization

Fluxes optimized using 4DVar algorithm

Posterior (top) and post-prior (bottom)

quxes for 2018 ‘ -
— s e e S Country totals from different estimates for 2018
: ‘ » g E]g‘?g 4500
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VERIFY Tracers for inversions of CH,

Use of 613C in inversions of CH,: OSSE with FLEXINVERT for Europe

Comparison flux increments: 1) CH, only, 2) CH, + weekly 63C all sites, 3) CH, + hourly
&13C at 5 selected sites, 4) perturbation (true-prior)

1:CH, L1010 2: CH, + weekly 6'°C 10710 3: CH, + hourly 5'3C 1010

i g & Perturbation \510'10
70 7 //’ | 4 70| ° / N 4 70 //’ S 4 70 7{/’ "R 4
b X -] A I\ N
65 3 65 / 8 65 3 65 &
. / / - / // 7 // - /’/ /
60 v Lol z 60 o o 2 60 : Lob B2 60 o o 2
% )h-‘"; 1 % %J’f‘f 1 w{ ‘;UJ"g 1 ’*’?Z \ 1 8 1
55 ;2{\ @x 5 55 ?‘K g%m 55 % l/éM 55 ; (@fﬂj
A : Jor : UEye 0 gy :
50 3 r 50 ? F 50 ,/ r e 7 I
-1 -1 -1 1
45 i g % 45 | g % 45 | e bAs 4 ] ol 7
RO \NNSE C AN NN B RPEN\NE]
a0 | }/ N K.Q” . o | f u)y\@l” 5 o | [0 \é‘i” 5 o | {o UJKQ” 3
L\r-‘f/“"""( k}r o L\r‘j/""ﬁ N {? o "\/'j/"“"{ N s "\/j/‘”‘"‘{ h" s
35 fi R =" g % 3B N g =" 4 35 /" (\f”ﬂ a 4 B f ="a 4
. B 5 / e
30 Ny 5 30 Q\f\\ 5 o b N sl LDl NPT 5
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No benefit of including §13C observations for retrieving fluxes — at least not with only 5 in-
situ sites or flask measurements at all sites

CH, only CH, + weekly | CH, + hourly Perturbation
613c 613c

Microbial 1.047 1.116 1.123 1.425
Fossil 0.694 0.826 0.735 0.946
Total 1.154 1.271 1.249 1.630
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true — prior

CH, only

CH4 and C2H6

Tracers for inversions of CH,

Use of C,H, in inversions of CH,: results of global OSSE

Inversions run with FLEXINVERT using synthetic observations at

NOAA sites

0.06
0.04
0.02
0.00
-0.02
-0.04
—-0.06

0.06
0.04
0.02
0.00
-0.02
-0.04
-0.06

0.06
0.04
0.02
0.00
-0.02
-0.04

-0.06

90°N

60°N | <,

30°N

0° @t

G =

Gain values (G) for inversions
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CH4 Only CH4 and CzHG

prior

Tracers for inversions of CH,

Use of C,H in inversions of CH,: results of global inversion

microb
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CH, and C,Hg:
oil+gas: 73 Tg/y
microb: 350 Tg/y

CH, only:
oil+gas: 64 Tg/y
microb: 351 Tg/y
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Data Assimilation System for CH, wetland fluxes

New DAS for CH, fluxes
developed based on
HIMMELI peatland flux
models and TM5
atmospheric transport
model and CTE EnKF data
assimilation scheme

Anthropogenicfluxes

Other prior fluxes
(fire, ocean, termites

etc)
01010207 le—7
2000 A I 2.00
—— Observations
—— Model prior
1980 A —— Model posterior | 175
——— Prior flux
~——— Post flux 1.50
1960 - { \
125 ~
a 1940 41 E
8 1.00 =
o
€
1920 A 0.75
1900 A 0.50
1880 | 0.25
2015-|03-01 2015-l05-01 2015-l07-01 2015-l09-01

JSBACH — HIMMELI
biospheric fluxes

Prior fluxes Prior parameters Optimised
parameters

ptimised fluxes

EnKF data assimilationand

‘ optimisation scheme

TMS5 transport model | Prior
concentrations

Optimised
concentrations

Observed
methane
concentrations

Observed
methane
fluxes

Anthropogenic and biogenic (wetland)
emissions optimized (4 HIMMELI
model parameters) by assimilating
atmospheric mixing ratios 2 sites and
EC fluxes at 2 sites in northern Finland
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VERIFY Outlook after VERIFY
)

CIF inversions

analysis of inversions results from model-intercomparison -
determine influence of transport errors on fluxes

continued use in community (ongoing projects e.g. CoCO, and new
projects, e.g., EYE-CLIMA)

Model developments

ongoing use and developments of process-based and statistical
models (CH4-DAS, CH, lake fluxes, ECOSSE, CAPRI)

Ongoing use of TROPOMI data in inversions with CIF

VERIFY GA meeting | May 9t -11% , 2022 |Paris
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VERIFY Summary and conclusions
~

Agricultural emissions of CH, and N,O from BU models to 2018,
EDGAR shows decrease in emissions since 1970 of ~30%

New spatially resolved uncertainty estimates of agricultural
emissions from CAPRI

New process-based model of lake CH, emissions, resolving
seasonality - new estimates lake emission for Europe of 3.2 Tg/y

TD estimates from CIF framework
CH, fluxes for 2005-2019 from 3 inversions
N,O fluxes for 2005-2019 from 1 inversion (2" soon)

First results using 613C and ethane tracers for CH, inversions show
limited benefit for Europe, more potential globally

New DAS for CH, fluxes from wetlands
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Thank you for your attention.
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