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Changes with respect to the DoA 

None 
 
 

Dissemination and uptake 
(Who will/could use this deliverable, within the project or outside the project?) 
 

The main output of the deliverable is a simulation system, publicly available at 
https://git.nilu.no/VERIFY/CIF (access open to anyone, registration necessary for developers) 
All documentation is available on the website: “community-inversion.eu”; which is also 
accessible from the VERIFY website. 
 
 

Short Summary of results (<250 words) 
 
 

The Community Inversion Framework is an inversion system developed within VERIFY, as a 
new inversion platform to be shared across inversion groups, mainly in Europe. It allows 
running different transport models and inversion methods within the same consistent 
interface. The CIF has been tested on three transport models and three inversion methods so 
far. It will however expend with more models and additional feature in the remaining of the 
project.  
 
 

Evidence of accomplishment 
(report, manuscript, web-link, other) 
 

- Documentation available at “community-inversion.eu” 
- A manuscript presenting the system is under review in Copernicus Geoscientific Model 
Developments: “The Community Inversion Framework v1.0: a unified system for 
atmospheric inversion studies”, https://doi.org/10.5194/gmd-2020-407, in review, 2020. 
- All codes are registered with a DOI: 10.5281/zenodo.4322371  
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1. Glossary 

 

 

Abbreviation / Acronym Description/meaning 

CIF Community Inversion Framework 

pyCIF Python library attached to the CIF 

AQ Air Quality 

GHG Greenhouse gases 

EnKF Ensemble Kalman Filter 

PYVAR Python variational inversion system (CEA) 

FLEXINVERT FLEXPART-based inversion system (NILU) 

CTDAS Carbon-Tracker Data Assimilation System 

LUMIA Lund University Modular Inversion Algorithm 

LMDZ Global Circulation Model developed by LMD (France) 

CHIMERE Regional Eulerian transport model (LMD, France) 

FLEXPART FLEXible PARTicle dispersion model 

TM5 Transport Model, version 5 (Global Circulation Model) 

WDCGG World Data Center for Greenhouse Gases. GHG observation data 
server 
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2. Executive Summary 

The present deliverable report presents a community initiative to merge existing atmospheric 
greenhouse gases inversion techniques and tools into a common framework: the Community 
Inversion Framework (CIF). In the past, different groups have developed their own systems, 
limiting the overall productivity of the community (given the complexity of maintaining such 
systems), multiplying redundant developments, and raising difficulties to maintain and 
continuously improve the codes and modules. In addition, differences between each inversion 
set up complicate their comparison and the assessment of, for instance, errors due to 
atmospheric transport model differences only. A complete version of the CIF allowing to conduct 
state of the art inversion experiments, with possibly different transport models but the same 
inverse set up (i.e., observations, prior information, etc.), is now implemented. However, the aim 
is to keep it under continuous development to ensure that new inverse modeling techniques and 
additional numerical transport models will regularly be integrated in this platform and that the 
code keeps on using state of the art usages. The CIF starts being used in real case applications 
(including some in other WPs of VERIFY). Three transport models (CHIMERE, LMDZ and FLEXPART) 
and various inversion techniques (variational, EnKF, analytical inversion) have been implemented 
and others are following, allowing most current inversions to be run within a consistent 
framework. Applications include the participation to the multi-year CO2 and CH4inversions over 
Europe used for the VERIFY synthesis in 2021. One key aspect will be to estimate the contribution 
of transport model uncertainty using different transport model with a common inversion set up. 
 
In the present document we detail the implementation of the CIF and explain how it will be used 
in the future for research and operational applications. Note finally that a scientific article 
describing the CIF has been submitted to GMD and is currently under review: 
https://gmd.copernicus.org/preprints/gmd-2020-407/   
 
 

https://gmd.copernicus.org/preprints/gmd-2020-407/
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3. Introduction 

Atmospheric inversion approaches are expected to play a critical role in future observation-based 
monitoring systems for surface greenhouse gas (GHG) fluxes. In the past decade, the research 
community has developed various inversion softwares, mainly using variational, analytical or 
ensemble Bayesian optimization methods, with various definition of the parameters to be 
optimized, various assumptions on the structures of the different sources of uncertainties (linked 
to the observations or the control vector), with various atmospheric chemistry-transport models 
focusing on various species at different. These systems are sometimes focused on specific 
observation streams (i.e. flask samples, in-situ measurements or satellite observations) or they 
can use all of them at once. However, most of them are based on a single transport model (see 
an illustration of the present and planned landscape of the inversion community in Figure 1 
below). Although referenced in peer-reviewed publications and usually accessible across the 
research community, most systems are not at the level of transparency, flexibility and accessibility 
needed to provide the scientific community and policy makers with a comprehensive and robust 
view of the uncertainties associated with the inverse estimation of GHG fluxes. Furthermore, their 
development, usually carried out by individual research institutes, may in the future not keep 
pace with the increasing scientific needs and technical possibilities (especially with the new 
generation of high-resolution satellites observations planned for the coming decade).  
 
In this context, a key objective of the VERIFY project is to allow and support an initiative to 
rationalize development efforts and leverage the strengths of individual inversion systems into a 
comprehensive framework: the Community Inversion Framework (CIF). This initiative will be 
applied, extended and maintained beyond the VERIFY project.  
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The CIF is primarily a programming protocol to allow various inversion bricks to be exchanged 
among researchers. In practice, the ensemble of bricks (see Figure 2) makes a flexible, transparent 
and open-source python-based tool to estimate the fluxes of various GHGs both at global and 
regional scales. The general structure of the CIF allows users to also use it for AQ applications. It 
will allow running different atmospheric transport models (second to right column of figure 2), 
different observation streams (right column of figure 2) and different data assimilation 

Figure 1: Example of inversion systems and their applicability before the CIF. Colored arrows indicate 

the possible applications for each system. Left column corresponds to the name of the main systems 

developed in Europe; second to the left column corresponds to the type of optimization; second to the 

right column corresponds to the name of the transport models; right column corresponds to the type of 

observations that is used. 

Figure 2: Planned applications of the CIF. Same as Figure 1. Inversion systems have been merged into 

pyCIF, which can be applied with any combination of inversion method (second column), transport 

model (third column), observation data stream (right column), etc. 
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approaches (second to left column of figure 2). This adaptability will allow a comprehensively 
assessment of the various sources of uncertainty (i.e. from the transport model, the observations, 
the prior information on the fluxes) in a fully consistent framework. 
 
Here, we summarize the main implementation achieved in the CIF, as well as planed future 
developments and applications. However, the system is fully described in a manuscript under 
review in the Copernicus journal Geoscientific Developments, and the pre-print is publicly 
available at http://gmd.copernicus.org/preprints/gmd-2020-407, as well as in Annex 1 of this 
report. 
 
 
 

http://gmd.copernicus.org/preprints/gmd-2020-407
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4. Implementation and applications 

4.1. Status of implementation 

Considering the flexibility and wide-spread usage of the Python programming language, it was 
used to develop the CIF. At the time of writing of the present report, the core of the CIF is fully 
operational. It includes the definition and implementation of all objects necessary to run an 
atmospheric inversion (transport models, observations, inversion methods, etc.), as well as 
standard utilities to homogenize pre- and post-processing operations (reprojection between 
model grids, temporal and spatial interpolation, etc.). 
 
The CIF by itself is a programming framework, which needs to be populated with features and 
plugins by the scientific community to increase the number of application cases it can deal with. 
Since the start of the VERIFY project, the following atmospheric models have been connected to 
the CIF: 

- CHIMERE: CHIMERE is a regional chemistry transport model (CTM) used in Air Quality (AQ) 
and GHG studies at the regional scale; it has been tested with the CIF on two domains 
covering Europe and France respectively; it has been applied to CH4 and NOx (soon CO2) 
inversions with in-situ measurements and satellite data. 

- LMDZ-offline: LMDZ is a global circulation model primarily used in Earth System studies; 
an offline version using pre-computed meteorology was developed to focus on 
atmospheric transport of trace gases; the offline version is mostly used for GHG studies; 
it has been applied with the CIF to CH4 inversions and will be soon to CO2. 

- The FLEXPART Lagrangian particle dispersion model: FLEXPART was used in the CIF for test 
inversions over Europe with CH4. 

- A simplified Gaussian dispersion model: a light Gaussian model was implemented to test 
the CIF and for learning purposes as it can be easily run on desktop computers to get 
familiar with the CIF 

The global chemistry-transport model TM5 and the particle dispersion model STILT are currently 
being implemented in the CIF and should be operational in the beginning of 2021. Note that 
potential other transport model may also be included before the end of the VERIFY project (i.e. 
TM3, ICON, etc.).  
 
All standard inputs and outputs of the cited models have been implemented in the model, which 
allow interfacing a given model with inputs from another one. 
Test inversions using variational methods, analytical inversions and Ensemble Kalman filters were 
made with the above-mentioned models. One of the main achievements of the CIF is to enable 
the comparison of different models using the exact same inversion methods. Before VERIFY, 
inversion systems were built around specific transport models and specific inversion techniques, 
limiting the applicability to some models to some inversion techniques and conversely. 
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4.2. Applications within VERIFY 

The CIF has already been used for the production of some deliverables (e.g., D2.11: Second Re-
analysis of the national scale CO2 anthropogenic emissions over 2005-2015). In 2021, technical 
developments will be further leveraged towards scientific applications. 
 
First, an inversion test configuration will be prepared over Europe with a short inversion window 
(a few months). It will be exploited by a large collection of sensitivity tests made at small 
computational cost. Multiple inversions techniques will be applied with the available transport 
models and multiple tests will be carried out with different set-ups (error statistics in the system, 
resolution of the parameters to optimize, etc.). This will allow us to assess the sensitivity of 
atmospheric inversions to atmospheric transport error statistics, to choices in the inversion 
configurations (i.e. the inverse set up) and to inversion techniques. This work will be synthesized 
as a methodological paper. 
 
The CIF will be then used to conduct inversions at the regional scale for CH4, CO2 and if possible 
N2O, which will participate to the VERIFY synthesis that will be established during 2021 (synthesis 
covering the last decades up to 2020). Long-term inversions will thus be computed with the CIF 
with various models. Note that a dedicated inversion set up will be defined for each GHG within 
the respective work packages (WP2-3-4). The advantage of using different models within the 
same framework is that an assessment of the impact of uncertainties in the transport modeling 
in terms of uncertainties in the estimates of the fluxes will be possible.  

 

5.  Future developments around the CIF beyond VERIFY 

Multiple models and methods will be applied and tested during the VERIFY project. However, this 
effort will continue beyond VERIFY and notably in a follow up H2020 project: CoCO2 that is 
starting in January 2021. Such project will extend the methodology of the VERIFY GHG synthesis 
for one additional year in 2022 in order to estimate fluxes for the key 2021 year (i.e. basis year 
for the first global stock take analysis). 
The CIF also attracted attention from members of the inversion community willing to participate 
to the experiment, both inside and outside the VERIFY community. For instance, researchers at 
NIES laboratory (Japan) are interested to implement their global transport model NICAM. Empa 
laboratory (Switzerland) also plans to implement the global circulation model ICON (with a new 
icosahedral grid) in the CIF. FMI laboratory (Finland) will generalize the EnKF as implemented in 
the CIF to account for more complex options in the optimization method (assimilation of fluxes 
on inversion windows moving over time, localization of the probability density functions, etc.).  
 
Global transport models account reasonably well for distant transport, but their coarse spatial 
resolution causes them to smooth potentially large spatial concentration gradients due for 
instance to large sources; coarse resolutions also makes it particularly challenging to properly 
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represent regions with complex topography. Global inversions (based on global models) are thus 
not suitable to efficiently use observations nearby large localized sources (i.e. cities or point 
sources) and to robustly optimize fluxes at regional scales. Conversely, regional transport models 
can accommodate high spatial resolutions, but cannot extend globally, making it hard to account 
for larger scale structures and information from the global observation network. One way of 
overcoming this dilemma is the coupling of global and regional models using two-way nesting. 
This has been done in the past, but on very limited applications and limited models. Coupling 
transport models at different resolutions is planned in the near future in the CIF.  
 
CC-FF-DASs (Carbon Cycle, Fossil-Fuel, Data Assimilation Systems) are a prominent axis of 
research in the inversion community today, in particular for the future European anthropogenic 
CO2 emissions Monitoring and Verification Support capacity (CO2MVS). These systems do not 
optimize maps of fluxes given atmospheric observations, but optimize surface emission model 
parameters (emission factors, vegetation characteristics, etc.). Doing so, the system may better 
target the critical parameters, better characterize the statistics of the different sources of 
uncertainties, and better extrapolate the information from atmospheric data in space and time. 
CC-FF-DAS also builds a natural bridge between the inversion community and other modelling 
communities, like the ecosystem modeling community. The CIF was designed in such a way that 
models can be coupled with each other. This feature will be used in the future to couple 
atmospheric transport models with fossil fuel models and/or vegetation models to make it 
possible to carry out CC-FF-DAS parameter optimization with the CIF.  
 
 
 

Annex – 1: 

This annex includes the article describing the CIF and currently under discussion in GMD: 
https://gmd.copernicus.org/preprints/gmd-2020-407/  
 

https://gmd.copernicus.org/preprints/gmd-2020-407/
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