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1) Hiilidioksidin mallinnustulosten kaytto hiilinielun arvioimiseksi cEin
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2) Satelliittihavainnot yhdistettynd maankayttoluokkiin

3) Metaanin mallinnustulosten kaytté metaanin lahteiden arvioimiseksi
kansallisen inventaarion tukena

4) Metaaniemissiot yhdistettyna maan kosteuden
kaukokartoitusdataan ja maankayttoluokkiin
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Iimakehan CO,-pitoisuuksien mallinnus

)

Lahteet ja nielut, priorit
* Luonnolliset

* |hmisperaiset

« Metsa- ja maastopalot
* Meret

Imakehan

kuljetusmalli * Lahteet ja nielut

 Pitoisuudet

Data-assimilaatio

=

Havainnot ja mittaukset
« Pintamittaukset: pitoisuudet, vuot
« Satelliittimittaukset

ILMATIETEEN LAITOS r
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE 0CO-2 satelliitin havaitsema hiilidioksidipitoisuus (ppm)
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Copernicus Atmosphere Monitoring Service
CAMS globaali CO, inversiomalli

European Union-28 (territory)
4500 T

CO, kokonaisvuo = merten vuo (optimoitu) +
biosfaarin vuo (optimoitu) +

antropogeeniset paastot (paastdinventaariot)

« CAMS-mallin kokonaisvuo EU-alueelle on
systemaattisesti pienempi kuin raportoidut
emissiot.

« Satelliittimittauksia hyddyntava malli
vastaa hyvin pintamittauksia hyddyntavaa
mallia EU-tasolla. S00 =t S VL e

« Projektissa tutkimme CAMS-mallilla 0 f=---beemebem e, RACTRED |7 CETRR V.. Lo
laskettuja CO,-lahteit4 ja nieluja 500 : ' (2 '
Suomessa. 1985 1990 1995 2000 2005 2010 2015

Year

.................................................

1000 | oo

Flux (MtCO, per year)

METEOROLOGISKA INSTITUTET 4
FINNISH METEOROLOGICAL INSTITUTE

% UMATIETEEN LAITOS Figure: CAMS validation report, F. Chevallier, 2020
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Vuosi 2019, kokonaisvuo. Vasen: pintamitt., oikea: satelliitti.

1) CAMS-mallin CO,-vuot
Suomessa .-~ s e -

€
g 0.2
- CAMS-mallin vuosittaisessa kokonais-CO,-vuossa R — BN e S o0
huomattava ero satelliittihavaintojen ja f 1 : : | | 5
pintamittausten valilla 8

- Eron syy: biosfadrivuot oom . e = TR

 Erityisesti touko-heindkuun vuot poikkeavat.
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« Maankayttoluokkiin yhdistetyssa analyysissa suurta

9 ; : Toukokuu 2019, biosfaarivuot. Vasen: pintamitt., oikea: satelliitti.
epavarmuutta tuo mallin resoluutio. : . - |

0.10
- Resoluutiota on jo parannettu useissa malleissa; tassa
keskityimme Copernicus-mallituotteeseen. ron e R T AT o e R AT
g 0.05
- Satelliittihavainnot kehittyneet valtavasti; tarvitaan 3
mallinnuksen lisaksi menetelmia, joilla voidaan BN g M i T - . S 5 O
arvioida hiilinielua suoraan satelliittidataa kayttaen. __k: % 5
oo 8 ot son - R
% _u "
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e 2) Uudet satelliittihavainnot yhdistettyna
maankayttoluokkiin Suomessa

15

1 km x 1 km resoluution
maankayttbluokkadata (EU CLC, 14-16
luokkaa) klusteroitiin
paakomponenttianalyysilla 8 klusteriin.

1041 H

0.5 1

 Nasan OCO-2-satelliitin mittaama
kasvillisuuden fluoresenssi (SIF) on
luotettava arvio kasvillisuuden sitoman
hiilen maaralle (GPP).

-1.0 1

« SlF-data analysoitiin ndissa klustereissa
—> selkeét erot klusterien valilla.

-15

Erityisesti maanviljelyalueet erottuvat. ’ T e 8
- e e e 0.5 1

« Kasvillisuuden yhteyttamista

mittaava SIF on lupaava tyokalu "

maankayttoluokkien hiilinielun ja sen 031

muutosten arviointiin. L 02
« Kehitdimme menetelmid myos 01 y:

hiilidioksidi- ja metaanihavainnoille; . (4

kulkeutumisen rooli merkittava. .

2015 2016 2017 2018 2019
Year
:';T‘:TAiLEL';"G'I';‘K'IOIiSTITUTET —— Cluster 1: Dominantly settlements —— Cluster 5: Deminantly mineral soil based forest land
% FINNISH METEOROLOGICAL INSTITUTE Cluster 2: Dominantly peat based forest land — Cluster &: Wetlands: marshes, open bogs, some water and forest
—— Cluster 3: Water: rivers, lakes and sea Cluster 7: Dominantly agricultural lands

Cluster 4: Mostly open mineral soil (tree crown cover < 10%) = Cluster 8: Peat based full or transitional forest with some water and marsh




ul
OPErNICUS
FPCUP

Methane emissions in Finland

« Can we use the inverse modeling approach to support and verify
national inventories ?

 Are methane emissions related to observed soil wethess ?

* Are methane emissions connected to specific land use categories ?
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Carbon Tracker Europe — CH4 atmospheric inversion model (FMI version)

Anthropogenic ' ;
Module : : _ !
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Prior Emissions Module Concentration concentrations
Observations \ /

Carbon Tracker Europe — CH4 is a data assimilation system which uses global atmospheric concentration
observations to optimise the prior estimates of anthropogenic and natural emissions.



Methane emissions in Finland

« Emissions solved in 1 x 1 degree resolution using atmospheric in situ data (six
atmospheric stations in Finland)

» Finnish emission inventories (LULUCF + waste + agriculture + energy + industry
sectors) show smaller emissions than inversion priors or posteriors due to significant
share of wetland emissions — this is expected due to large wetland area

» Natural emission prior includes pristine wetland emissions and other (considered as
'mineral’) land fluxes. Those partly overlap with LULUCF areas.

« There is large variation in the natural emission priors from different ecosystem models
and also in the different anthropogenic emission databases (EDGAR, TNO,...)

» |nversion tries to increase the emissions from smallest priors and decrease from the
largest priors towards agreement with atmospheric data

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE



Methane emissions in Finland
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

B UL UCF (forest land + wetland + grassland)
[JNational inventory anthropogenic

Note: National inventories B | P X prior natural peatland

do not '_nC_IUde emissions [ LPX prior natural mineral land
frqm pristine soils (peat or [ LPX prior natural inundated land
mineral) [ 1 TNO prior anthropogenic

B CTE+LPX+TNO post natural
[ CTE+LPX+TNO post anthropogenic

[ JEDGARS prior anthropogenic
Note2: Ecosystem models B CTE+LPX+EDGARS post natural
do not estimate emissions B CTE+LPX+EDGARS post anthropogenic
from managed lands based B sSBACH prior natural (peatland + mineral land)
on emission factors, but B CTE-JSBACH+EDGARS post natural
generalized process modeling B CTE+JSBACH+EDGARS post anthropogenic
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Natural methane emissions by CTE — CH4 inversions

« Natural emissions are largestin the northern parts of the country,
corresponding to distribution of un-drained peatlands

R s i Fraction of g s KT Fraction of
TR Wn-drained peatiandses iy g - sdrained peatlands

o Qo000 o <t
O owe-0xz Do
O Q000813 \ ™
- - { - -
NIethane emissions Methane emissions
-0 aome . - g0t
PTBRI AR 200310008
| 8000103052 = Gaon - ot
L econes 00004 d:‘_:;’:““’
5 90005001 vaghess
B arcy-con :un:u.
. 002- 003 .:‘;\ -
-

o » L
9§ © @ © ¢« O o ° o
'0‘ - > P
\ ~- -
¢ Rre =

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

11



JISSachimmell_S1 summer 2018 Finlana JISSachimmell _S1 summer 2018 Finlana

§

Q0 - e
®  POSTarOr

[ANER 14 - L

- At O
140 .
Q02

o° 0020 & oo

-° ° ©

Natural methane

e o 0o

0 Q o

“ NN

v 0 ¢
'

8° ° ©

o o
Qo110 4 b e ® . At

.

6 oo &30 °' -~

0.01>

- o
0010 - ® o %

®e © e oe -
G O0N

g8 8E g5
Agrcutund ands, peat 3ol ||
'J‘

:

Sopberc (4, emuson [Ty'panl summeri|
Socpherc (4, emeson [TyTpal summer)|

» - i

Forest nd. aorited poat (ko)

emissions, Copernicus
WAW permanently wet -
area and Corine land use essnmra) 21 e 2220 ivens

0.0 - Dror
- © DO er v

e
’:! .
Q 000
0 100 130 200 250
l'v-vnnn-nny Wl afes [am T ipieel)

Feachitimmetl %1 sumimer 20108 rinlandg

000 4 - RO
o POSLar o

Q.02% QoOrn

s 0.020 - 3 2 = -
+ CTE-CH4 mmel 3 The

posterior ecso &3 A
emissions are well I it 9
correlated with wet
area and open

bog land use class

0020 ® oo
~ o
®° : 3
-
o
®o

Q.01% 0015 4
s o o

" &
-
°

0.010 o010

400 o -

0005 ©e o

O 000 k 3 -

o 50 100 150 200 250
Pormanamly wet arwa (v fpiael)

&
e t e

FShachMimmell S1 summer 20108 Finland

0.030 - or
- - o POstersor

"o 0030 ' - poe

®  PONtenOr

0.02% 0.02%

e -

Q020 . S
- - had

*° P

’ e -

- .

230 0020 o°

o - .
00N < > ° o

L L

003

150
0.010 °

< -~ ‘30’
0.00% °$$~

| %

o010 ® o Y o o

g

§
Tatorgl woodend pedt [o0v')

oo0s | Sg

Bosprarc 04, emson [Tatpal summer]|
& L ]
"
]
1)
B '
4 g B 4
| § 8§ 3
Foredt Und peat o]
Bospberc (4, emusnon [Tolpue! summe]|
LR
0
%O
o4
]
o

Buocpnerc 04, emisson [T pio summer))
Biocpnerc (4, emisson [T3Apo wmeer))

. %0 k ° T ©
0.000 o o
» Correlation I e
150 200 o © “0 100 1% 200 »no
im rOves frOm l’o-mmcnuv wot area [km*/pixel) Permanently wet arca [km “/pixeol)
p =N JSBachMimmell_S1 summer 2018 Finland . ISBachMimmell _S1 summer 2018 Finland
H t t H % 0.0 . - poos P
prior 1o posterior i i s e Dossenor 90 o023 e postenor
" 0.023% - 700 E .-
i ®. -3 oo = A 0020 ° o°
:? 0020 . - g :? o
= o - - ® SO0 ©.01% © L]
§ oois > .- é 8
. p4 e 400 = (=) o o P
§ Qo010 9 ht ® . ° 300 g E aaio :o o b
" - o © © .3
% g 200 3 =
w 0.00% . & w 000 e o o
© 8 b t o
g 100
ILMATIETEEN LAITOS 0.000 ° °o @ 000 o® o ®o
METEOROLOGISKA INSTITUTET e —~~— —ve-- - G —
FINNISH METEOROLOGICAL INSTITUTE - 0 100 130 200 30 o >0 100 1%0 200 %0

Permanently wet areoa [k /pisel) Parmanently wet area [k /piset]

e & 3
ted ()

Famtions] woodand, oot

<

g

§ 828 8

WCands, peat production k']

-
o



Conclusions

* |nversions show consistent results with national inventories, but the common
understanding of the emission categories needs to be further developed

» |Inversions suggest to decrease the largest anthropogenic and natural emission
estimates for Finland but also increase the smallest. The largest total prior emissions
over three times higher than smallest.

« Copernicus WAW data was able to identify the wet, methane emitting land areas
matching with the posterior inversion estimates.

» The highest emissions occurred in the regions where the open bog area was largest,
possibly with co-location of transitional woodland and forest land on peat soil.

« With current resolution it is challenging to detect from inversion estimates the different
land uses and land use changes, but results are promising for the most significant
emission categories especially when multiple data sets and approaches are used

% together
13



Data in the FMI classes from SYKE

FMI-classes

Settlement

Agricultural lands

Forest land, mineral soil

Forest land, peat

Forest land, afforested mineral soil
Forest land, afforested peat

Transitional woodland (tree crown cover
10-30%), mineral soil

8. Transitional woodland, peat

9. Transitional woodland, deforested

10. Transitional woodland, deforested
11.0Open mineral soil (tree crown cover < 10%)
12.Wetlands, Marsh

13. Wetlands, Open bogs

14.Wetlands, peat production

15.Water (sea, lake, river)

NoOoOkWNE

Data to FMI

proportions of classes in 1 km grid
clustering of 1 km proportons

proportions of classes in 10 km grid
« separate datasets for Europe and Finland

Created datasets based on:

European Corine land cover 2018, 2012 & 2006

European Corine land cover 2018, 2012 & 2006
and European peatland map

S2GLC & HRL Imperviousness + Forest (Finland
only!)

Finnish national Corine Land Cover 2018, 2012,
2006 (Finland only?!)

14



