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1 Executive Summary

To address challenges towards building an operational Monitoring and Verification System
(MVS) for CO., we report here on (a) the creation of new sets of input data for data assimilation
(DA) systems, and (b) their use in a large number of alternative or new DA configurations.
Together, these sets provide new insights on the data processing for XCO., their assimilation,
and the best method to maximize data usage, minimize biases, separate biogenic and
anthropogenic fluxes, while maintaining a fast operating chain. This report documents the
technical part of our efforts, and the data availability of a first set of input and output products.
More and updated results will be created during Task 1.3 when a benchmarking and QA/QC
pipeline will be demonstrated for our DA systems.

We find that a new fast and efficient XCO. production algorithm (FOCAL, UB) can create a
suitable alternative to full-physics retrievals for OCO-2, and that propagation of error
covariances into an XCO; retrieval seems feasible (ULEIC & CEA), but that the processing
chain is currently not suited for near real-time. Data assimilation of SIF is feasible, but a proper
observation operator is missing because of incomplete knowledge of SIF emissions from the
canopy, and because the pre-TropOMI SIF products are too coarse to separate ecosystems.
COS as a biogenic tracer requires further work on ocean and soil source terms, specifically in
the tropical regions. XCO.-based DA systems can now match in-situ based flux estimates on
global to regional scales and suggest a smaller tropical sink and seasonal cycle. They are
ready for wider application. Atmospheric transport models need to be upgraded in resolution
to match the satellite products, which can be achieved by either (a) moving towards online
calculation of meteorology and mass-fluxes, and (b) shortening the DA windows towards the
daily-to-weekly scale. These system improvements are scheduled for the second part of task
1.2.

2 Introduction

Within the CHE project WP1, we aim to test and implement a number of innovations in data
assimilation that are needed towards an operational MVS for CO,. This includes the delivery
chain of large amounts of input data, such as from remote sensing instruments and in-situ
sensors, of CO; and its auxiliary tracers such as COS. These need to feed data assimilation
systems equipped to not only handle these data streams, but also to combine them including
their biases and formal uncertainties. Finally, an important component is the quality control on
the posterior results: how do we quickly assess whether the solution is correct from a
statistical, but also from a physical and biogeochemical viewpoint? As this is such an important
issue a separate task is devoted to this in WP1. Quality assessment and control of the
posterior results will be elaborated upon in detail during the benchmarking phase, in task 1.3.

In task 1.2 we have set up a number of DA configurations of the CAMS (CEA) and CTE (WU)
systems, aiming to bring several innovations to the processing chain. To facilitate this new
satellite XCO, products were created that either (a) follow a very fast processing chain suitable
for near real-time delivery (UB), or (b) include auxiliary covariance information to aid their
consistent assimilation in CAMS (ULEIC). These XCO products and their availability are
briefly documented here. They form the input of the DA chain, along with a number of
community-available and standardized inputs that were put in place for a DA protocol that both
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CAMS and CTE followed. This protocol is separately documented as Deliverable D1.1 (Sept.
2018).

The DA innovation runs were designed to address four main challenges:

1. Optimally integrate satellite retrieval bias-correction into the data assimilation
processing chain,

2. Minimize the impact of transport model errors on surface flux estimates,

3. Improve the model-data fusion techniques for joint natural and anthropogenic CO2
emission estimates,

4. Deploy more advanced surface flux descriptions of natural and anthropogenic CO2
emissions in the data assimilation chain.

The documentation below describes our joint efforts towards these challenges. The report
describes the simulations and data availability, but not yet the main outcomes. These are
reported elsewhere in literature, but partly also need to be created in the follow-up step in Task
1.3. There, these different DA outcomes will be compared and benchmarked in a newly
developed QA/QC chain, designed to uncover the strengths and weaknesses of each
approach.

2.2.1 Objectives of this deliverables

The objective of this deliverable is to present a set of global satellite-derived XCO2 input
products, as well as a first set of carbon flux estimates obtained with our innovative DA
systems. These products are prepared according to a community protocol (D1.1) and available
as open-access to the scientific community.

Note that these are not yet the final products, as they will be further developed during the
project. improvements and updates to these products will be made available during the
benchmarking phase in Task 1.3.

2.2.2 Work performed in this deliverable

¢ A new algorithm for a satellite-based XCO: retrieval based on OCO-2 data, FOCAL-
0OCO-2, has been developed. The resulting set of input data contains observations for
the years 2015 to 2018.

e Research has been performed towards the creation of a XCO, product with error
covariance structures tailored to and consistent with the CAMS atmospheric inversion
system.

e The capability to assimilate satellite-based XCO. observations has been added to
CarbonTracker Europe. Flux inversions have been performed using both the NASA
OCO-2 and the FOCAL-OCO-2 retrievals.

e CAMS flux inversions based on the assimilation of NASA OCO-2 XCO. observations
have been performed.

o Research has been performed towards joint assimilation of surface and space-based
observations. A new set-up to perform flux inversions with CAMS using such combined
observational constraints has been developed.

e A new long-window inversion system based on the optimization of parameters in a
statistical biosphere flux description enhanced with proxy anomalies has been
developed. The system has been tested by performing flux inversions using both SIF
and NIRy as proxy data.

o Research has been performed towards the development of a new flux inversion system
that incorporates COS data.
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2.2.3 Deviations and counter measures
ULEIC

The original plan to improve the quality of satellite XCO. retrievals by adopting machine
learning methods was abandoned in favour of the development of a modified retrieval that
features a tailored covariance structure for consistent assimilation of the XCO, data by the
CAMS atmospheric inversion system. This is motivated by (i) the need to address inconsistent
statistical hypotheses between XCO: retrieval and flux inversion schemes, which may be a
significant source of error, and (ii) the improvement in quality filter and bias correction present
in the NASA OCO-2 XCO:. retrieval from the v8 release on.

wu

The development of a DA system that features high-resolution online IFS-TM5 transport is
ongoing but has not yet reached the point where we can present results. This system will be
further developed early 2020.

CEA

The protocol agreed upon in September 2018 (D1.1) has not been closely followed yet for
practical reasons linked to the research stage of this work and to the large computational
burden required for each test: each inversion needed at least 2-3 weeks of computations on
a parallel cluster. Innovations to the CAMS inversion set-up have been tested though and will
be repeated according to the protocol in the following months.

Work on a flux inversion system with COS is ongoing but has not yet reached the level of
maturity where results can be shared.

3 Description of developed input products

Development of the below described input products has been performed within the
framework of the CHE project. Apart from these products, links to external input products for
carbon flux inversions have been shared on the data portal on the CHE website
(https://www.che-project.eu/data-portal).

3.1.1 Short description of the FOCAL algorithm

(From the FOCAL website www.iup.uni-bremen.de/~mreuter/focal.php)

The fast atmospheric trace gas retrieval for OCO-2 (FOCAL-OCO-2) has been setup to
retrieve XCO2 (the column-average dry-air mole fraction of atmospheric CO2) by analyzing
hyper spectral solar backscattered radiance measurements of NASA's OCO2 satellite. FOCAL
includes a radiative transfer model which has been developed to approximate light scattering
effects by multiple scattering at an optically thin scattering layer. This reduces the
computational costs by several orders of magnitude. FOCAL's radiative transfer model is
utilized to simulate the radiance in all three OCO-2 spectral bands allowing the simultaneous
retrieval of CO;, H>O, and solar induced chlorophyll fluorescence. More information can be
found in the FOCAL ATBD (Reuter et al., 2019).
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3.1.2 Short description of the data product

The FOCAL-OCO-2 XCO; data product is a level 2 product and contains detailed information
on XCO; and its uncertainty, time, latitude, longitude, averaging kernel, a priori profile, etc. for
each individual satellite footprint fulfilling the pre- and post-processing quality requirements.
Additionally, the data product includes information on XH.O and SIF, which are by-products
of the XCO; retrieval. The data format is conform with the satellite-derived Level 2 XCO, data
products generated in the framework of ESA’s Climate Change Initiative (http://www.esa-ghg-
cci.org) (e.g., Buchwitz et al., 2017) and, more recently, for the Copernicus Climate Change
Service (C3S, https://climate.copernicus.eu) (€.g., Buchwitz et al., 2018). The data format is
netCDF-4 (classic) and the product is in-line with CF (Climate and Forecasting) convention
1.6. Each parameter is explained in each file and the product is, therefore, essentially self-
explaining. For each day one separate file has been generated. The data format is described
in detail by Buchwitz et al. (2014). More information on the data product and its format can be
found in the FOCAL PUG (Reuter and Buchwitz, 2019) and PSD (Buchwitz et al., 2014).

3.1.3 Data availability

Four years (2015-2018) of global OCO-2 XCO; data have been generated with the FOCAL-
OCO-2 XCO; level 2 algorithm. The data is made available via the FOCAL
website: http://www.iup.uni-bremen.de/~mreuter/focal.php.

3.2.1 Description of the modified XCOz2 product

Current atmospheric inversion schemes assume rather realistic a priori information, while
satellite retrieval schemes which try to maximise the measurement contribution in the
retrievals give a very weak weight to prior information. Such inconsistent statistical
hypotheses between XCO; retrieval and atmospheric inversion schemes may be a significant
cause of error in atmospheric inversions assimilating satellite data. By using sounding-specific
covariances from model covariances representing the prior flux uncertainties of the CAMS
model, we can derive satellite CO, columns tailored towards and consistent with the specific
assumptions of the CAMS atmospheric inversion scheme.

We have applied a framework for swapping the a priori error covariance matrices used in the
operational OCO-2 XCO:. retrieval data with those taken from the CAMS CO, inversion model
v14.2. This framework has been applied to OCO-2 L2 Diagnostic 8r data for the year 2016,
recalculating the CO. profiles, averaging kernels, and recalculating the total columns using
the new prior information. In addition, a second method has been used where the CAMS a
priori covariance matrices have been scaled such that that total column variability agrees with
those from operational OCO-2 retrieval. The purpose of this is to remove any offset between
the two prior covariances, leaving all remaining differences solely due to the profile structure.

In total, approximately 36 million OCO-2 soundings have been recalculated using both the
‘scaled’ and ‘non-scaled’ methods with a small number of soundings failing during the matrix
inversion process.

Due to the use of new a priori covariance, the applied OCO-2 bias correction of the operational
processing will not be applicable to our new XCO results and a custom bias correction has to
be applied following the same method as the JPL OCO-2 team:
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Firstly, we calculate a new footprint bias by finding all scenes where all 8 of the OCO-
2 across-track scenes have been successfully retrieved and calculating the bias
across these different footprints.

Secondly, we consider the correlation between variables, which are retrieved
simultaneously with XCO,. We use the same variables as the JPL OCO-2 team and
perform a multilinear regression on training subsets of the data which we believe
should have a constant XCO.. This includes OCO-2 data co-located with ground
based TCCON measurements, performing a Small Area Analysis of the data, and
implementing the Southern Hemisphere Approximation as described in Wunch et al.
2011.

Thirdly, a global offset between TCCON data and OCO-2 is calculated.

3.2.2 Status

Some differences remain between our new custom bias correction and the bias correction
applied by the JPL team and we are in discussions with the JPL team to better understand
their method and fine-tune our bias correction.

Our next steps are to refine our bias correction by applying the new filters as advised by JPL,
after which we will calculate the bias corrected results for the new datasets. At this stage we

will perform a final validation of the datasets.

390 392 394 396 398 400 402 404
XCO; (ppm)

Original OCO-2 XCO, data for June 2016,
without bias correction.

Recalculated OCO-2 XCO, data using
MACC a priori error covariances, without
bias correction.

The difference between figures A. and B.
(recalculated data minus original data).

XCO; difference (ppm)

Figure 1. Comparison of the recalculated OCO-2 XCO; data to the original retrieval product by

NASA for one month of observations (June 2016), both without bias correction.
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4 Innovative data assimilation systems for global carbon
flux estimates

The work performed as part of T1.2 consists of innovations to existing flux inversion
frameworks, or the development of completely new set-ups. A common factor in the
development work is the use of space-based observations, mainly XCO.. When assimilating
XCO. observations, the information content of the retrieved parameters is considered by
applying the retrievals averaging kernel to the simulated XCO, samples. This way (i) the
partitioning of information originating from observed radiances and prior information included
in the retrieval algorithm, and (2) the error covariance and vertical resolution of the retrieval,
can be properly considered during assimilation.

Table 1: Overview and status of the scheduled flux inversions. Type of the output product is
baseline (B), innovation run (I) or new inversion set-up (N).

Data Type Short description Status
provider
wu B CTE default set-up (surface CO; only)
wu I CTE inversion using satellite-based XCO, observations
(FOCAL OCO0-2)
wWu CTE inversion using satellite-based XCO; observations
(NASA 0OCO0-2)

wWu CTE inversion with short window and satellite-based

XCO: observations (NASA OCO-2)
wWu I CTE inversion with combination of surface CO, and

satellite-based XCO; observations
wu N CTE with coupled IFS-TMS5 transport Planned
wu I CTE with short window and coupled IFS-TM5 transport | Planned
wu N CTSF inversion using NIRv
wWu | CTSF inversion using SIF anomalies and related

shorter window length
CEA B CAMS default set-up (surface CO- only)
CEA I CAMS inversion using satellite-based XCO» Planned
observations (FOCAL OCO-2)

CEA I CAMS inversion using combination of surface CO2 and | Planned

FOCAL OCO-2 XCO; observations
CEA I CAMS inversion using satellite-based XCO» Planned

observations (OCO-2 with tailored error structures)

CEA I CAMS inversion using combination of surface CO, and

NASA OCO-2 XCO, observations
CEA N COS + surface CO; inversion
CEA I COS + surface CO; + FOCAL OCO-2 XCO Planned

observations

D1.2 Set of global data assimilation input and output products
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Apart from XO2, Satellite-based observations of SIF and COS are/will be included in the
developed innovative inversion systems. Note that satellite retrievals typically contain other
by-products (e.g. surface pressure, albedo, aerosols) that can contain important information
regarding the spatial covariance of errors. These are not considered in the current effort, but
inclusion of these products in inversion systems is investigated in e.g. the VERIFY (Verifying
Greenhouse Gas Emissions) project.

An overview of the planned flux inversions to be performed with these new or modified
systems is contained in Table 1. As specified in the output protocol D1.1 we have aimed,
where possible, to introduce changes to systems gradually such as to facilitate analysis of the
impact of particular system changes. Each flux inversion therefore has a type indicator that
designates whether it is a default set-up (baseline, B), a completely new set-up (new, N), or a
run containing an innovative feature compared to either the baseline or new set-up (innovation
run, ).

4.1.1 Short description of the CTE data assimilation system for CO2

The CarbonTracker data assimilation shell (CTDAS) (Van der Laan-Luijkx et al., 2017) is a
modular data assimilation framework written in Python. In its default CarbonTracker Europe
(CTE) setup this system uses observations of atmospheric CO, mole fractions to estimate the
global carbon fluxes between the atmosphere, land biosphere and oceans. An ensemble
Kalman smoother with a 5-week fixed-lag assimilation window (Peters et al., 2005) is used to
optimize a state vector that contains weekly scaling factors for the biosphere and ocean flux
prior estimates, which consist of pre-calculated space-time patterns. The optimized scaling
factors vary per ecoregion, except for the Northern hemisphere land regions where they vary
per 1°x1° grid box with exponentially decaying correlation between grid boxes belonging to
the same ecoregion. Atmospheric transport is calculated with the two-way nested TM5
transport model (Krol et al., 2005, Huijnen et al., 2010), using a resolution of 3°x2° globally,
with 1°x1° zoom regions over North America and Europe.

4.1.2 Description of system innovations

New modules have been implemented in CTDAS and TM5 to allow for the assimilation of
satellite-based XCO: observations. The CTDAS module reads the XCO; observations from a
netCDF file, handles the I/O communication with the atmospheric transport model, and
afterwards reads the simulated samples. This new module is kept as general as possible such
as to be useable for general total-column observations and both level- and layer-based data
products. The new TM5 sampling module allows for the calculation of simulated XCO»
samples, thereby directly applying the desired (level- or layer-based) retrieval’'s averaging
kernel.

As satellite-based XCO; observations typically have a footprint much smaller than the scale
(in both space and time) resolvable by the atmospheric transport model, they are pre-
processed into 10-second bins prior to assimilation. These so-called super-observations are
created in a 2-step inverse-variance-weighted averaging procedure, according to the method
described in Crowell et al., 2019. The smoothed super-observations created this way are
representative on a spatial scale similar to a typical transport model resolution.

In addition to the uncertainty provided with the retrieval product, a rough estimate for the

model error is added to each observation i equal to €; = 0.8 exp (90;;3“), based on a

parametrization by Frédéric Chevallier (personal communication, July 3, 2019).

D1.2 Set of global data assimilation input and output products
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4.1.3 Overview of resulting output products
Baseline

Our baseline carbon flux inversion consists of the default CTE setup with the following
specifications:

Biosphere prior flux: SIBCASA

Ocean prior flux: ocean inversion by Jacobsen et al., 2007

Fire imposed flux: GFED4s

Fossil fuel imposed flux: EDGAR + IER, scaled to CDIAC

Atmospheric observations: Hourly resolution (well-mixed conditions) ObsPack
GLOBALVIEWDpIus v4.2 & NRTv4.4

e Period: from January 1, 2000 to January 31, 2019

This is the same flux inversion as submitted for the Global Carbon Budget 2019 (Le Quéré et
al., 2019)

Innovation run 1

This flux inversion follows the same setup as the baseline run, but using a different type of
observations, namely satellite-based XCO, from the FOCAL OCO-2 v08 retrieval. Due to
availability of the observational data this inversion started at January 1, 2015. The global CO-
concentration field required to initialize the atmospheric transport model is extracted from the
simulated field obtained with the baseline run in order to minimize the required spin-up time.

Innovation run 2

Similar to innovation run 1, but using the NASA OCO-2 L2 lite FP v9r XCO, retrieval. Note
that only nadir and glint observations over land are assimilated due to the possibility of a
remaining bias over oceans. Due to availability of the observational data this inversion started
at October 1, 2014.

Innovation run 3

Similar to innovation run 2, but using a shorter window length of 3 instead of 5 weeks (by
reducing the lag from 5 to 3 weeks).

4.1.4 Global flux results obtained with the different CTE set-ups

Below a first comparison of the results obtained with the different CTE flux inversions is
presented. Results with the label SURF indicate flux results obtained with our baseline
inversion set-up. Figure 2 shows the distribution of ocean and biogenic fluxes over the
northern, tropical and southern regions, whereas in Figure 3 a validation of the obtained
atmospheric CO, concentrations is presented based on independent observation locations.
Overall, we observe that our XCO2-based DA system can now match our in-situ based flux
estimates on global to regional scales, and suggest a smaller tropical sink and seasonal cycle.

Note the deviating result for the southern region obtained with the FOCAL retrieval for the year
2015. This is a spin-up effect caused by the fact that XCO, observations for FOCAL are only
available from January 2015 on. However, we also note deviations in simulated mole fractions
at stations that are sensitive to calculated ocean fluxes. In particular the seasonal bias at the
South Pole Observatory station (SPO) is notable, suggesting a remaining bias over (southern)
ocean areas in the FOCAL retrieval.

D1.2 Set of global data assimilation input and output products
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Prior: Bio

Prior: Ocean

SURF: Bio

SURF: Ocean

NASA XCO2: Bio

NASA XCO2: Ocean
NASA XCO2 SW: Bio
NASA XCO2 SW: Ocean
FOCAL XCO2: Bio
FOCAL XCO2: Ocean

FRENENEI

CO; flux [PgC/yr]

Tropical

Southern
2015 2016 2017 2018

Figure 2: Comparison of yearly total fluxes as obtained with the baseline and innovation CTE
flux inversion set-ups. The regions are aggregated based on TRANSCOM land and ocean
regions.

S Barrow Atmospheric Basellne Observatory (BRW) SURF (RMSE = 1.09 ppm)

NASA XCO2 (RMSE = 2.02 ppm)
FOCAL XCO2 (RMSE = 2.89 ppm)
NASA XCO2 SW (RMSE = 1.91 ppm)

SURF (RMSE = 3.34 ppm)
NASA XCO2 (RMSE = 3.56 ppm)
FOCAL XCO2 (RMSE = 3.64 ppm)
NASA XCO2 SW (RMSE = 3.16 ppm)

SURF (RMSE = 0.68 ppm)
NASA XCO2 (RMSE = 0.53 ppm)
FOCAL XCO2 (RMSE = 1.36 ppm)
NASA XCO2 SW (RMSE = 0.50 ppm)

SURF (RMSE = 0.99 ppm)

NASA XCO2 (RMSE = 0.70 ppm)
FOCAL XCO2 (RMSE = 1.53 ppm)
NASA XCO2 SW (RMSE = 0.68 ppm)

SURF (RMSE = 0.37 ppm)
NASA XCO2 (RMSE = 0.36 ppm)
FOCAL XCO2 (RMSE = 1.53 ppm)
NASA XCO2 SW (RMSE = 0.31 ppm)

2015 2016 2017 2018

Figure 3: Residuals in atmospheric CO2 mole fraction concentrations at several background in-
situ observation locations. Measurements from these in-situ observation sites are not
assimilated in the XCOz-based inversions.
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4.1.5 Data availability

Global flux inversion results can be downloaded from
ftp://ftp.wur.nl/carbontracker/data/SpecialProjects/CHE/.

4.2.1 Description of the CarbonTracker Statistical Fit (CTSF) flux-
inversion system

A new, long-window, inversion set-up for optimizing biosphere fluxes is implemented in
CTDAS. This new system is designed to study long-term trends and interannual variations in
NEE, and to exploit the spatio-temporal variations present in photosynthesis proxies, like sun-
induced fluorescence (SIF). It is based on earlier work by Christian Rédenbeck, who made
use of temperature anomalies to study the long-term and interannual variability of NEE
(Rodenbeck et al., 2018).

It is assumed that the long-term mean and temporal trends of NEE can be described by a
statistical function consisting of a second-order in time polynomial enhanced with N yearly
harmonics whose amplitude can vary linearly in time. Interannual and spatial variability in NEE
is introduced though a linear regression of proxy anomalies onto NEE anomalies. The
statistical description for NEE thus has the form

N
2 2
NEE(x,y,t) = py + pit + pot? + Z [(ai + b;t) - sin (Tit> + (¢; + d;t) - cos (T it)]
i=1

+vPAP(x,y,t)

where T represents the yearly period of the harmonics in days, AP is the anomaly field of the
considered photosynthesis proxy, and the model parameters in blue (py, p1, 02, a;, b;, ¢i, d; and
yF) are optimized during the inversion. One set of parameters per ecoregion is optimized for
the full window of the inversion, spanning several years. The regression coefficients y*
additionally vary per calendar month. For N = 4 the state vector thus contains a total of 4154
elements, which are assumed to be uncorrelated.

The optimization of the state vector is done with the CTDAS Ensemble Kalman smoother
approach, but this time using a single window. The cycle length thus equals the full timespan
of interest and there is no lag. Compared to our default CTE setup a reduced set of
observations is assimilated. The included observations contain flask measurements from
marine boundary layer sites only, which capture variations in the background atmospheric CO>
concentration. Local spatio-temporal flux variations are based on observational data of the
chosen photosynthesis proxy. This choice for the assimilated observations implies that we can
suffice with evaluating the transport model at a rather coarse resolution of 6°x4° globally. Tests
with a higher resolution have been performed, but indeed the effect on the obtained posterior
fluxes was very limited.

4.2.2 Overview of the resulting output products
New inversion set-up

A CTSF inversion for the years 2000-2018 has been performed using NIRv as proxy (Badgley
et al., 2017), with the following specifications:

Atmospheric transport: TM5 on 6°x4° resolution globally

Ocean imposed flux: optimized ocean flux resulting from the CTE baseline inversion
Fire imposed flux: GFED4s

Fossil fuel imposed flux: EDGAR + IER, scaled to CDIAC

D1.2 Set of global data assimilation input and output products
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¢ Atmospheric observations: Reduced set of hourly resolution (well-mixed conditions)
observations from ObsPack GLOBALVIEWpIlus v4.2 & NRTV4.4, containing flask
measurements only

e Period: from January 1, 2000 to December 31, 2018

Innovation run 1

This biosphere flux inversion follows the same setup as the above described CTSF run, but
using satellite-based SIF instead of NIRy anomalies as proxy. The SIF observations are from
the SIFTER v2 product (Sanders et al., 2016 and Van Schaik 2016), which is retrieved from
the GOME-2 instrument aboard the MetOp satellite. Due to the availability of the SIFTER
product, this inversion is performed for the period from January 1, 2007 to December 31, 2016
only.

4.2.3 Status / Data availability

The system is up and running, but further validation of the results has to be performed before
the datasets can be made available. We expect that they will be available for download from
ftp://ftp.wur.nl/carbontracker/data/SpecialProjects/CHE/ early 2020.

4.3.1 Description of the flux inversions

As a baseline, we use inversion CAMS v18r3 that was provided by CAMS and is being post-
processed for the needs of CHE. CAMS v18r3 covers the period 1979-2018 and assimilated
surface data from mainly GLOBALVIEWDplus v5.0, rather than from GLOBALVIEWplus v4.0
exclusively.

As an incremental version, we assimilated the same surface measurements together with
NASA’s OCO-2 retrievals v9 in the configuration chosen for the OCO-2 Model Intercomparison
Project 2 (i.e. prescribed prior fossil fuel emissions and binned observations within 10-s
windows). In order to allow some flexibility for the inversion system to compensate for possible
inconsistencies between the two observation types as seen by the transport model, we have
added a monthly global offset to the retrievals in the control vector. The adjoint of the
observation operator has been consistently adapted. The period covered is September 2014-
May 2019. It has not been possible yet to run this incremental version with the same prior
fossil fuel emissions.

The OCO-2 retrievals prepared by the University of Bremen have been delivered recently and
are being processed. A first inversion where they have been assimilated alone (i.e. without
surface measurements) should be ready by the end of the year. The period covered is January
2015-December 2018. An incremental run should follow in the beginning of the year.

The OCO-2 retrievals prepared by the University of Leicester will also be assimilated alone
(i.e. without surface measurements) when they are ready.

4.3.2 Data availability

Monthly means and 3-hourly flux fields as resulting from the NASA OCO-2 XCO, + SURF
inversion can be downloaded from http://dods.Isce.ipsl.fr/invsat/CHE/WP1/.

Results from the baseline run will soon be made available on the CAMS server
(https://apps.ecmwf.int/datasets/data/cams-ghg-inversions/).
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We aim to assimilate measurements of Carbonyl sulfide (COS) that is related to the Gross
Primary Production (GPP) of terrestrial vegetation through the leaf-scale relative uptake ratio
of COS to CO: fluxes. Other sources or sinks of COS are from the ocean, the wetlands, the
soils, some industrial processes, fire and oxidation in the atmosphere. Each term is uncertain
and current best estimates of some of them are still likely biased. In order to investigate how
to exploit the GPP information of COS within this complex framework, we have designed an
analytical system that allows us to make many tests rapidly once the matrix of atmospheric
transport is computed. We assimilate surface measurements of COS for the period 2009-2015
to optimize monthly fluxes of GPP, respiration and the other sources of COS in large regions
of the globe. We currently try to assimilate them together with surface CO, measurements,
before trying to assimilate them together with CO- satellite retrievals at a later stage.

5 Conclusion

The creation of a new set of input data for data assimilation systems is presented, consisting
of a new fast and efficient XCO- production algorithm, and an XCO- retrieval with tailored error
covariance structures for use in a flux inversion system. Together, these sets provide new
insights on the data processing for XCO., their assimilation, and the best method to maximize
data usage, minimize biases, separate biogenic and anthropogenic fluxes, while maintaining
a fast operating chain.

In addition, the development of innovative flux inversion output data products is presented.
These consist of both innovations applied to existing DA set-ups, like adapting them for use
with the new XCO; input data, as well as the development of new flux inversion systems, like
the optimization of surface-flux parameters in a long-window inversion setup or the
construction of a COS inversion system. The first global flux results obtained with these
systems are made available for benchmarking.

The results of task 1.2 will be the input for a thorough benchmarking and quality assessment
in task 1.3. Details about the chosen strategy of quality control, as well as the assessment of
the innovative DA systems presented in the current document, will be presented in deliverable
D1.3 in month 39. Development work to the input and output data products of task 1.2 will
continue alongside the aforementioned benchmarking process of the already available
products. Additional and updated products will be made available in the course of Task 1.3.

Apart from WP1, the current work is also connected to WP5: the lessons learned from the
current task, as well as the progressive insights we expect from task 1.3, form essential input
for respectively the progress and final reports on service elements for CO; earth observation
integration, CO. emission and transport model integration, and requirements for data
assimilation methodology.
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