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WP5 
KEYSCIENTIFICRESULTSOVERTHEPROJECT

DURATION
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T5.1Reconciliation of bottom-up emission estimates, Robbie Andrew 
(CICERO, Norway)
T5.2 & T5.3 Reconciliation of bottom-up and top-down observation-based 
GHG budgets (scientific publications), Roxana Petrescu (VU Amsterdam, The 
Netherlands
T5.4Past trends, annual drivers analysis and short-term predictions of 
emissions, Robbie Andrew (CICERO, Norway)
T6.2Annual GHG budget fact sheets for China (Philippe Ciais, LSCE France)
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T5.1 RECONCILIATIONOFBOTTOM-UPEMISSION

ESTIMATES

Datasets have different system boundaries

Harmonising helps with this, partially

Moving beyond system boundaries, we can start to 
investigate differences
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EU27 CO2 EMISSIONSΥ ΨRAWΩ
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EU27 CO2 EMISSIONSΥ ΨHARMONISEDΩ
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During the project we have explored the reasons 
for differences between the global emissions 
datasets, with a focus on the EU

Extensive communication with the dataset 
providers
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COMPARISONCHARTS:
A QUICKWAYINTOFURTHERINVESTIGATION
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COMPARISONCHARTS:
A QUICKWAYINTOFURTHERINVESTIGATION
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EXAMPLE: EIA ESTIMATESOFGERMANYΩSOILCO2
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EXAMPLE: EIA ESTIMATESOFGERMANYΩSOILCO2
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SOMEOUTCOMES

Findings of errors fed back to
CEDS: solid fuels in Estonia, Germany

PRIMAP-hist: double-counting in Annex 1 countries, 
inflated fugitive

EIA: double-counting of oil products

CEADS: omitted LNG, incorrect cement

CDIAC: omission of global stock changes of coal
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T5.2 RECONCILIATIONOFBOTTOM-UPANDTOP-
DOWNOBSERVATION-BASEDGHG BUDGETS

(ANDT5.3 SCIENTIFICPUBLICATIONS)

16

D5.2, D5.3, D5.4. and D5.5. (4 reports M12, 24, 36, 48)

Reconciliation of bottom-up and top-down methods at sub-national scales

T5.3 Regular assessments of the full GHG balance of EU countries and ecosystems 
(M6-M48), Lead: VUA

D5.9, D5.10 Scientific review articles on multi-gas GHG budgets (M24, M48), 
VUA Open access and peer-reviewed publication (Earth System Science Data) 
compiling and quantifying GHG budgets for European countries, including the 
application to verification of UNFCCC inventories



VERIFY GA meeting | May 9th -11th , 2022 |Paris, France

VERIFY ANDWP5 PROGRESS
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SUMMARYOFD5.2, D5.3, D5.4. ANDD5.5

What was the aim of all reports?

reconciling the differences between bottom-up and 
top-down emission estimates, providing a 
assessment of persistent differences and their 
potential causes

Did we achieve this?

YES and Not yet...

18
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YES 

Great collaboration/networking between all partners

Unique collection of BU and TD estimates, during the last 4 
years

We published assessments of these differences for 
EU27+UK

Individual countries have been studied as well:

see individual country plots on

http://webportals.ipsl.jussieu.fr/VERIFY/FactSheets/

We identified differences between data sources and 
explained some...

19

http://webportals.ipsl.jussieu.fr/VERIFY/FactSheets/
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HISTORYANDPROGRESSOFRESEARCH
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We started like this:
D5.2a ΨǇǊƻƻŦ ƻŦ ŎƻƴŎŜǇǘΩ ŀƴŘ ŀ ŦƛǊǎǘ ŎƻƳǇƛƭŀǘƛƻƴ ƻŦ ǇǊŜ-VERIFY data (three GHGs for AFOLU)

CH4 and N2O from Agriculture

v2018
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WHATISSUESWEIDENTIFIEDBACKIN2019? 
AGRICULTURE

21

Ç All inventory-based data sources are consistent with each other:

üthey capture well recent emissions reductions

üthey mainly use default EFs from IPCC 2006 guidelines

Ç Small differencespertain to:

üuse different versions of the same AD

üsome use expert judgment EFs (EDGAR)

üthe choice of the Tier method for calculating emissions (the Tier level a 

country applies depends on the national circumstances, which explains the 

variability of uncertainties among the sector itself as well as among EU 

countries) 
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HISTORYANDPROGRESSOFRESEARCHCONT.

CO2 from LULUCF

Consistent BU estimates 
except for highly climate 
variability in DGVMs 
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üWithin the UNFCCC practice, each country uses its own specific method to estimate 

the CO2 fluxes.

üWe need to distinguish between direct and indirect effects on land use emissions 

especially for the purpose of reconciling land-related emissions from global datasets 

and NGHGI.

General remarks:

üWhen independent inventories agree well for a sector, does not necessarily mean that 

the estimate is better in the sense that it is closer to real emissions (agreement across 

inventories = the different inventories used the same methodology and activity data 

sources).

ü Countries should use, whenever possible, global inversions to provide additional 

constraints for the verification and reconciliation purposes.

LULUCF

https://essd.copernicus.org/articles/12/961/2020/

https://essd.copernicus.org/articles/12/961/2020/
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For the next 3 years these conclusions remained 
and formed the basis of all reports...and were 
confirmed even if more data was added to the 
analysis...

24
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D5.3, D5.4 ANDD5.5:THECONSOLIDATEDEUROPEANSYNTHESISOF

THETHREEGHGS

v2019 v2020

v2021
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D5.3, D5.4 ANDD5.5:THECONSOLIDATED

EUROPEANSYNTHESISOFCO2LAND
V2019, V2020 ANDV2021

V2019
D5.3

V2021
D5.5
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SOME

COMPARISONS...

27

CSR (2006-2017)
v2019: -394 TgC
v2020: -231 TgC
v2021: -207 TgC
UNFCCC: -89 TgC

Reported NGHGI uncertainties for total 
LULUCF:
v2019: 16%, v2020: 11% and v2021: 
24%..last revised by Bradley Matthews 
(UBA Vienna) to 18% 

Also GCP revised estimates getting closer the UNFCCC (2001-
2018) estimate
v2019: -249 TgC
v2020: -220 TgC
v2021: -201 TgC
UNFCCC: -89 TgC
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V2019
D5.3

V2020
D5.4

V2021
D5.5

D5.3, D5.4 ANDD5.5:THECONSOLIDATED

EUROPEANSYNTHESISOFCH4
V2019, V2020 ANDV2021
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SOMECOMPARISONS

29

CH4 emissions from v2019 
and v2020 

Slightly revised UNFCCC 
estimates/uncertainties

Average for same period 
1990-2018
CAPRI: 9.4 TgCH4

UNFCCC: 9.1 TgCH4
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v2019 v2020

v2021

D5.3, D5.4 ANDD5.5:THECONSOLIDATED

EUROPEANSYNTHESISOFN2O
V2019, V2020 ANDV2021
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Average for same 
period 2000-2018
CAPRI: 624 kton N2O
UNFCCC: 650 kton N2O

N2O emissions 
from v2019 and 
v2020 

Not much 
revision of 
UNFCCC 
emissions/ 
uncertainties 

SOMECOMPARISONS
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CONCLUSIONS

32

Fossil CO2
üImprovement of inversion systems for fossil emissions - uncertainties

Land /hі
üBottom-up models show larger (climate) variability (i.e. ORCHIDEE, DGVMs)
üThe top-Řƻǿƴ ŜƴǎŜƳōƭŜ ŜǎǘƛƳŀǘŜǎ ƻŦ /hі ǎƘƻǿ still large variability
üLULUCF: reduce the gap between inventories and models by defining common 
definitions in land use reporting

CH4

üLarge emissions from inversions: gap due to natural sources or underestimation of 
anthropogenic emissions, seasonality (wetlands) not represented in NGHGI

N2O
üLarge gap between inversions and BU estimates not caused by natural emissions, 
seasonality (N fertilization) not represented in NGHGI

Under development: Quantification and inclusion of lateral fluxes, CIF
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NOTYET...

We identified and explained some differences, 
especially those belonging to different versions of 
the scientific results but communities still need to 
agree on the same approach 
(anthropogenic/natural, definitions LULUCF etc.)

Input to the 1st GST and last synthesis (for 2021) ς
to be continued in CoCO2
Inventory agencies will report on inconsistencies 
found at country level

5hbΩ¢ aL{{ ¢hahwwh²Ω{ b9¢²hwYLbD 
MEETING!!

Revision of UNFCCC uncertainties (CH4 and N2O)

33
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T5.4 PASTTRENDS, ANNUALDRIVERSANALYSIS

ANDSHORT-TERMPREDICTIONSOFEMISSIONS
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STATUSOFWP5 ANDWP6 DELIVERABLES
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D5.4 Third report - Reconciliation of bottom-up and top-down methods at sub-national scales STICHTING VU 30 Nov 2020 November 2021

D5.5 Final report - Reconciliation of bottom-up and top-down methods at sub-national scales STICHTING VU 30 Nov 2021 finalized

D5.8 Final - Fact sheets with national observation-based GHG Budgets from project results CICERO 31 Dec 2021 -

D5.10 Second and final scientific review article on multi-gas GHG budgets STICHTING VU 31 Jan 2022 work in progress

D5.12 Relationships between climate anomalies and natural/anthropogenic GHG budgets variability CEA 31 Jan 2021

D5.13 Analysis of recent extreme eventsô impacts on GHG budgets anomaliesCEA 30 Nov 2020 -

D6.5 Report (fact sheet) on the observation-based to Indonesia RIVM 31 Jul 2021 work in progress

D6.6 Knowledge transfer workshop with US, China, Indonesia JRC 31 Jul 2021 -

D6.7 Workshop illustrating the GHG verification internationally based on example outside of Europe JRC 31 Jul 2021 -

D6.9 Final version of VERIFY Database and data-management infrastructure CEA 31 Aug 2021 -

D6.10 Report on the legacy of the VERIFY Database and data-management to future operations ICOS ERIC 31 Aug 2021 -

D6.11 Report on the future operational transition of the VERIFY observation-based GHG monitoring system ECMWF 30 Nov 2021 -

D6.12 Online update of national emission inventory and observation-based GHG budget trends and NDC mitigation targets JRC 31 Jul 2021 finalized

D6.13

Online representation of the geographic distribution of GHG emissions and sinks uncertainties and how targeted new 

observations will help to reduce them JRC 30 Nov 2021 work in progress
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NEXT STEPS

Last synthesis (2021 included) to be hosted by the 
CoCO2 project

Together with CoCO2 develop methodological input 
to the first GST exercise

3 proposals participated to the Horizon Europe 
global forcers call

VERIFY contributors to the European chapter of 
RECCAP2 

37
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T6.2 ANNUALGHG BUDGETFACTSHEETSFOR

US, CHINA, INDONESIABASEDONTHE

METHODOLOGYOFTASK6.1

- China facts sheets

The methodology from VERIFY was applied to China

38

Å Largerland CO2 sinkby inversions that
carbonstoragechange by land models
and inventories

Å Agreement improvedwhenaccounting
for lateralfluxes 
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- China facts sheets Å For CH4 an upwardtrend of emissions
consistent betweenGOSAT and in-situ 
stations basedinversions

Å But large disagreementof inversions and 
betweenInventories for sectors

Å Trend of emissionsin inventories domianted
by the energysector

T6.2 ANNUALGHG BUDGETFACTSHEETSFOR

US, CHINA, INDONESIABASEDONTHE

METHODOLOGYOFTASK6.1
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Very high resolutioninversions wereperformedover the Shanxi basin usingTROPOMI data

Emissions of  8.5 ± 0.6 Tg CH4 y-1 consistent with EDGARV6

Correlationbetweencoalseamdepthand emissionrates at prefecturelevel

40

T6.2 ANNUALGHG BUDGETFACTSHEETSFOR

US, CHINA, INDONESIABASEDONTHE

METHODOLOGYOFTASK6.1
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Thank you for your attention.
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WP5 CONT. 
KEYSCIENTIFICRESULTSOVERTHEPROJECT

DURATION
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T5.5Drivers behind ecosystem carbon fluxes in Europe (Matthew McGrath, 
LSCE, France)
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T5.5. Drivers behind ecosystem 
carbon fluxes in Europe

M. McGrath, P. Peylin, P. Ciais



VERIFY GA meeting | May 9th -11th , 2022 |Paris, France 45

NETCARBONFLUXES
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NETCARBONFLUXES
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NETCARBONFLUXES- REAL


