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el basic principle + objective of inverse modelling
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bsieiegiattll Objectives
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Objective:
Influence of ground based network on retrieved emissions:

almost (no) knowledge of the apriori distribution (uniform
spatial and temporal distribution of a priori emissions)

sets of ground based observations: sites locations;
sampling frequency, network density
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el Methodology: Sensitivity Experiments
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Sensitivity experiments use synthetic observations

FIRST STEP : Ground-based observations generated by model forward run
CH, emissions inventories = 'true' emissions

‘true’ CH, concentrations
CH, emissions

Joint Research Centre
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masetesaall Methodology: Sensitivity Experiments
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SECOND STEP: measurements are assimilated in model run
CH, a-priori emissions = spatially and temporally constant

total emissions 01 2001 —
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oo = f& a posteriori
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el EXperiments settings
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e Semi-linear version for TM5-4DVAR system
(5 outer loops, 10 inner loops)

Year 2001: 01.01.2001-01.01.2002

CH, mixing ratios: initialized from previous inversion
(based on real observations)

CH, monthly emissions: EDGAR3.2FT, GFEDv2..
One total source category (about 516 Tg CH,/yr)

Spatial correlation for emissions: 50km
A priori uncertainty: 300%

Joint Research Centre |

Inversions performed in two cycles (<10% rejection)
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. el Synthetic measurements
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Sample frequency:

Continuous and flask measurements (once per day; per week)
- Sampling:

at daytime [12:00-15:00 local time]- DY

at nighttime [00:00-03:00 local time]- NI

- Stations: Mountain stations (NI), Boundary layer (DY)

Errors in Observations:

- “standard error” [3ppb CH,]
Model errors:

- “representativeness” error
Perturbations:

- 0.5 “representativeness” error
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wasbtaast ol EU-Observational Networks
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Datasets :

ID Synth. Obs. Name symbol
S1 CS “CS”

S2 CS cont. “CS-CM”

S3 EXTENDED “EXTENDED”
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True emissions [forward run] A priori emissions [4D-Var]

iy

2= MM total emissions 01 2001 — 12 200 lotal emissions 01 2001 — 12 200

true a priori

|
|

=iy = ! 3 g
e = 452 E_IIL= : ] : ; . 452
: 4058 . : ; : a2 405 _
g : : : ey : 35.7
........................................................ 51.0§ (U R 00000 e "\_J 51.05
B o262~ : : : : : | e
0 1 21.4 : : : ! 21.4
g ' : 167 E " : ; 167 E
: : 1.8~ : : ; 1.9~
.................... 5 N ey e Eew BT W 71 7 EOL
d . : 22.4 o : : = 24 Q
: 3 ! 24 o ; i ; —Z4 o
: ; 3 . e “T E : : : i -
: : 1 e e ' : /(/_L?’-' -11.9E
; ) ! 0 : —16.7 y : : : —16.7.
...................... PRI N — By B U 1 S et (e e I Y
; 5 N 5 -26.2E = : Y : -26.2E
] . T . 7 -510°%, 8 i 3 —LEL -310°
: : : : ! -35.71 : : T = : -38.7%"
: F : : : -40.5% i i : -ap 5%
: : -45.2 : i : : -452

44.6 Tg CH, 39.7 TgCH,

total emissions 01 2001 — 12 200 ‘total emissions 01 2001 — 12 200
true a priori

Joint Research Centre

45.2 452
405 _ - 405 _
357 403
N - 3510 8
| YN - TN
1.4 1.4
el N 214
1.9~ 1.8~
71 ='I ) =‘
24 O 74 5
TIE 249
1eT 71 K
=119 L
1678 Qi Thads
AU T AU 0.5 SSUU U SO SOOI SORUUNE N SRR N -310°%,
_55_?5 . . . N N i ; N —I87T
Wi _ﬁ_‘a——r—-‘siw - —ap5°
1 -45.2 — : ' : : : ' ' [ — -45.2

512.5 Tg CH, 517.0 Tg CH,

TM Meeting, JRC, ISPRA, 08- 09.06. 2009 10



EUROPEAN COMMISSION De rived C H4 E m iSS I ons
jlgiqﬁtmﬁggearch Centre

= =11.68
o True emissions corr=0.47 slope=0.25 const=11. 3
P i 152 — ; ! : : ! 3 405
405 ‘ ; @ ES 357
Institute for 35.7 oo N 50
et T s L A S I O R I ; |
Sustainability 3.0 : i 26.2
Pl
L3 26.2 204 -,
18— Y
24 ., 167 3
! , & ~
ol S 167 3 1.9 «
= 5"{:} “~ E
O 119 « 71~
S R L . . R .
4N e 24 &
5
m ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 24 5 24 €
> E
-2.4 E -71 §
71 § -19 g
)= e f —157 %,
: 16.7 . ]
-167 —21.4
B — O Ul e . ] 7 ; _26.2 -31.0
-357 -405
() h
S o
m 45.2 40.5
w 405 357
m 35.7 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,, 31.0 26.2
21.4 = 87 3
afmd 167 © 1.9 o
. £
: 19 = 71~
E o
71~ !
- N - = > 24 5
,,,,,,,,,,,,,,,, 24 G -24 E
(= ? s
-24 E =71 &
— 5 §
71 8 -119 £
-9 g -167 _.
I
[ L=
167 o —21.4
5
i i : | 3 : : ) 214 -26.2
S B R, -~ -~ gy ; | g ; —28.2 =30
-31.0 -38.7
-35.7 —405
—405 -452
—452

11
TM Meeting, JRC, ISPRA, 08- 09.06. 2009



IMN e

L C— 44
m ADFLIN+HD
wied _
O —— 3q
© =. .5 I.
w FOREINEL| m .m- QU. Q.U m
c s cOouw
m T REIEN ; 1d+sd

CEel/P0) S [ S {uoad /B1) sipyjo} |pRuuD $HD

ISSIONS

|
m BT | TIT[ T T T T T T [ITT RRRERRRRRARRRRRRRRRTRRRE ARN
| | | | | W
__ _ _ DN , : 3 W o5
<
— AR
C +17+/7 — 03
d w 0y _
Q vQ = 3N
() c E % E
D I5+5D
Z = 3s : _ £Zn3v3
m @ AH
w =
nMv = ON = d T §ln3
U 2=
z HITTHAT T IRTR NI, RN NN LU L]
MWW5432WO m e 8+ o D 2w 2 w2 9o
O @ , s T
“ MR {apad/B1) sjeyoy |DRuUD $HD {uoad /B1) sipyjo} |pRuuD $HD ) e e
preey
2EE
=z O
m S .
22 5801
LEE ol T
483 - i
250
il <3 "ajuan yaieasay Juiof
° HH fx __ °

(b}

12

TM Meeting, JRC, ISPRA, 08- 09.06. 2009



Mace Head, 25m asl:
boundary layer /
marine background
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Cabauw, 200m asl:
boundary layer
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EUROPEAN COMMISSION Conclusions
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-CS network constrain the NWE sector satisfactorily:
-UK, the BENELUX, France, and Germany (<20%)

-Scandinavian regions , Southern Europe and Eastern Europe not
adequately captured.

-CS-CM network:

-Better regional pattern retrieved for Northern and Central Europe
-Better representation for Scandinavian Countries

-Extended network:

-Major improvement for emission patterns in Southern and Eastern Europe
(e.g. for Italy and Poland)

-For some countries derived total emissions worse than in CS-CM scenario
-> Need to investigate on this....
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.... duggestions .. 4DVAR semilinear version?
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... Suggestions .. Emissions over Sea?
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o it EXperiments settings: source categories
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at). source category Reference emission [Tg CH,/yr]
i ‘wetlands and rice’
wetlands 'JK" inventory [Bergamaschi et al., 2007] b 174.9
m rice GISS [Matthews et al., 1991] 59.7
S 'biomass burning'
b biomass burning GFEDV2 [van der Werf et al., 2004] 20.1
: 'remaining sources'
@ coal mining EDGARV3.2FT [Olivier and Berdowski, 2001]* 33.2
o oil production, EDGARV3.2FT [Olivier and Berdowski, 2001]* 104
transmission and handling
i — gas production and EDGARV3.2FT [Olivier and Berdowski, 2001]° 48.7
[ < ] transmission
e fossil fuel use EDGARV3.2FT [Olivier and Berdowski, 2001]? 34
“ industrial processes EDGARV3.2FT [Olivier and Berdowski, 2001]* 0.9
(e b ) bio fuel EDGARV3.2FT [Olivier and Berdowski, 2001]* 14.9
(7] enteric fermentation EDGARV3.2FT [Olivier and Berdowski, 2001]? 804
(e b ) animal waste management EDGARV3.2FT [Olivier and Berdowski, 2001]° 8.5
m waste handling EDGARV3.2FT [Olivier and Berdowski, 2001]* 58.1
wild animals [Houweling et al., 1999] 5.0
'.E termites [Sanderson, 1996] 194
o ocean [Houweling et al., 1999; Lambert and Schmidt, 17.0
o 1993]
ﬂ soil sink [Ridgwell et al., 1999] -38.0
total 516.5
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el Methodology: runs-planning
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meieasbnl TIM5-4DVar inverse modeling system
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a posteriori
~ e wm = \observations
.. pall
a priori ~

Here we use the semi-linear version of the TM5-4DVAR system

TM Meeting, JRC, ISPRA, 08- 09.06. 2009 21



o ittt [iNear vs. non-linear: emissions
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VAR_T30_25L60_tmppod_eur. lIN€Ar 4DVAR 0201 VAR_T30_25160_tmppod. MON-linear 4DVAR 20201
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