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Welcome!

Welcome to the AIMES Land DA Working Group’s 2 nd Annual Land DA Community virtual

workshop on “New Directions in Land Data Assimilation”! The key goals of this workshop are to
continue building a global land DA community and to share knowledge on the technical
challenges that we’re all facing.
We look forward to seeing you on Monday, June 13th!
-- The AIMES Land DA Working Group
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Day 1: Monday, June 13, 2022
Machine Learning in Land DA
Meeting Link
9:50 AM EDT/
15:50 CEST

Coffee/tea time to join the conversation early and test out your camera and
microphone. If you wish to use one, we are encouraging everyone to choose a
different field work or earth observation photo each day (e.g. from the NASA or
ESA image archives) as your background image on Zoom.

10:00 AM EDT/
16:00 CEST

Welcome from the Co-Chairs: Introduction to the workshop context and goals

10:10 AM EDT/
16:10 CEST

Speaker 1: Sujay Kumar (NASA GSFC) - Use of advanced machine learning for
improved exploitation of remote sensing information

10:25 AM EDT/
16:25 CEST

Q&A

10:30 AM EDT/
16:30 CEST

Speaker 2: Xu Shan (TU Delft) - Assimilating ASCAT dynamic vegetation
parameters to constrain the plant water dynamics in land surface model

10:45 AM EDT/
16:45 CEST

Q&A

10:50 AM EDT/
16:50 CEST

Speaker 3: Timothée Corchia (CNRM) - Contribution of machine learning for the
integration of satellite observations in a global model of the soil-plant system

11:05 AM EDT/
17:05 CEST

Q&A

11:10 AM EDT/
17:10 CEST

Break

11:20 AM EDT/
17:20 CEST

Speaker 4: Philippe Peylin (CNRS-LSCE) - Comparative evaluation of different data
assimilation approaches to optimize the parameters of the ORCHIDEE land surface
model

11:35 AM EDT/
17:35 CEST

Q&A

11:40 AM EDT/
17:40 CEST

Speaker 5: Feng Tao (Tsinghua University) - PROcess-guided deep learning and
DAta-driven modelling (PRODA) to uncover key patterns and mechanisms in global
soil carbon dynamics

11:55 AM EDT/
17:55 CEST

Q&A

12:00 PM EDT/
18:00 CEST

Speaker 6: Daiya Shiojiri (Chiba University) - Optimizing rain gauge locations
based on data-driven sparse sensor placement

12:15 PM EDT/
18:15 CEST

Q&A
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12:20 PM EDT/
18:20 CEST

Break

12:25 PM EDT/
18:25 CEST

Poster Session and Career Corner
1. Impact of uncertainties in meteorological forcing data on global estimates of
monthly mean soil moisture and runoff
Mao Ouyang1*, Daiya Shiojiri, Shunji Kotsuki
Center for Environmental Remote Sensing, Chiba University, Chiba, Japan

1

2. Inferring the Climate Response of Leaf Area Index and its Impacts on Net Biome
Exchange Across Bioclimatic Zones
Alexander J. Norton1*, A. Anthony Bloom1, Nicholas C. Parazoo1, Paul A. Levine1,
Shuang Ma1, Renato K. Braghiere1

1

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

3. Modeling of Microwave Multi-Frequency Backscatter and Emission by a
Community Land Active Passive Microwave Radiative Transfer Modeling Platform
(CLAP)
Hong Zhao1*, Yijian Zeng1, Bob Su1, Jan G. Hofste1, Ting Duan1

Faculty of Geo-information Science and Earth Observation (ITC), University of Twente, Enschede, The
Netherlands
1

4. Using soil moisture and land surface temperature Earth observations to optimize
land surface model performance
Nina Raoult1*, Catherine Ottlé1, Philippe Peylin1, Vladislav Bastrikov1, and the
ORCHIDAS team
LSCE

1

5. Applying the Data Assimilation Research Testbed towards improved simulations
of Earth System Carbon, Water and Energy Cycling
Brett Raczka1*, Jeffrey L. Anderson1, Andrew M. Fox2, Xueli Huo3, Daniel Hagan4,
Moha Gharamti1, Kevin Raeder1, Helen Kershaw1, Ben Johnson1
National Center for Atmospheric Research
Joint Center for Satellite Data Assimilation
3
University of Arizona
4
Nanjing University of Information Science & Technology
1
2

6. Parameter Optimization to Improve Seasonal Predictions of Evapotranspiration
Partitioning in Semiarid Ecosystems
Kashif Mahmud1*, Nina Raoult2, Russell Scott3, Natasha MacBean1
Department of Geography, Indiana University, Bloomington, IN 47405, USA
Laboratoire des Sciences du Climat et de l’Environnement, LSCE/IPSL, CEA-CNRS-UVSQ
3
Université Paris-Saclay, Gif-sur-Yvette, F-91191, France
1*

2

7. The Arctic Carbon Monitoring and Prediction System, a data assimilation system
to reduce uncertainty of the permafrost-carbon climate feedback
Elchin Jafarov1*, Helene Genet2, Brendan Rogers1, Jennifer Watts1, Valeria Brionis1,
Greg Fiske1, Susan Natali1
1

Woodwell Climate Research Center, MA
University of Alaska Fairbanks, AK

2

3

8. Current status and future plans for KIM land surface data assimilation
Sanghee Jun1*, Kyung-Hee Seol1, In-Hyuk Kwon1
Korea Institute of Atmospheric Prediction Systems (KIAPS)

1

9. Assimilate leaf area index and biomass to constrain carbon dynamics in the
Arctic and Boreal region
Xueli Huo1*
University of Arizona, AZ

1

10. Weather and Water: Land DA developments using JEDI at the JCSDA
Andy Fox1*, James McCreight2, Amir Mazrooei2, Soren Rasmussen2, Tom
Enzminger2, Greg Fall3, Mike Barlage4, Jiarui Dong5, Youlong Xia5, Clara Draper6,
Sergey Frolov6, Tseganeh Gichamo7, Zoﬁa Stanley7
UCAR/JCSDA
NCAR/RAL
3
NOAA/OWP
4
NOAA/EMC
5
IMSG@EMC
6
NOAA/OAR/PSL
7
NOAA/OAR/PSL & CU/CIRES
1
2

1:00 PM EDT/
19:00 CEST

END

Day 2: Tuesday, June 14, 2022
Novel Observations and Approaches
Meeting Link
9:50 AM EDT/
15:50 CEST

Coffee/tea time to join the conversation early and test out your camera and
microphone. If you wish to use one, we are encouraging everyone to choose a
different field work or earth observation photo each day (e.g. from the NASA or
ESA image archives) as your background image on Zoom.

10:00 AM EDT/
16:00 CEST

Welcome from the Co-Chairs: Introduction to Day 2

10:05 AM EDT/
16:05 CEST

Speaker 1: Cédric Bacour (LSCE) - Assessing the complementarity of multiple
datasets in constraining model estimates of net and gross global C budgets within
a data assimilation framework

10:20 AM EDT/
16:20 CEST

Q&A

10:25 AM EDT/
16:25 CEST

Speaker 2: Yiqi Luo (Northern Arizona University) - Estimating spatially and
temporally varying parameters of Earth system models with data assimilation and
deep learning

10:40 AM EDT/

Q&A
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16:40 CEST
10:45 AM EDT/
16:45 CEST

Break

10:55 AM EDT/
16:55 CEST

Speaker 3: Paul A. Levine (Jet Propulsion Laboratory at Caltech) - Variable
response of Amazon watersheds to climate and CO2 trends across environmental
gradients

11:10 AM EDT/
17:10 CEST

Q&A

11:15 AM EDT/
17:15 CEST

Speaker 4: Shuang Ma (Jet Propulsion Lab at Caltech) - Resolving the
carbon-climate feedback potential of high latitude wetland CO2 and CH4
exchanges

11:30 AM EDT/
17:30 CEST

Q&A

11:35 AM EDT/
17:35 CEST

Break

11:40 AM EDT/
17:40 CEST

Lightning talks: Land DA Group Roundtable

12:05 PM EDT/
18:05 CEST

Q&A

12:20 PM EDT/
18:20 CEST

Breakout Group Discussions

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

LDAS-Monde
ORCHIDEE
NASA GMAO
ECMWF
NASA LIS
CaLDAS
JCSDA
NCAR CLM DART
NOAA
Met Office
CARDAMOM

1. Characterizing human management features with remote sensing and data
assimilation
Leads: Sujay Kumar and Manuela Girotto
This breakout session will focus on exploring data assimilation and modeling
efforts to characterize the impact and drivers of anthropogenic processes such as
irrigation, groundwater pumping, reservoir management, disturbances such as
fires.
2. Land forecasting and the NEON Forecasting Challenge
Lead: Michael Dietze
What can we do, in general, to promote near-term and S2S forecasts of land
processes and how can the land DA community get involved with the Ecological
Forecasting Initiative's NEON forecasting challenge in particular?

5

3. Non-linear filters for data assimilation
Lead: Prashant Kumar
This breakout session will consider potential and need of non-linear filters for land
data assimilation. The goal of this breakout group is to explore limitations of the
present land data assimilation techniques and benefits and challenges of
assimilating land observations using non-linear filters (like "Land data assimilation
using particle filter").
4. Co-developing DA education/course materials
Lead: Natasha MacBean
In this breakout group we will discuss opportunities for co-developing, as a Land
DA Community, DA educational materials (or a possible short course) to help train
early stage PhD students in DA methods, and/or to entice senior undergraduate
and Masters students to pursue PhDs that would require knowledge and
experience in DA.
5. Sensitivity / Uncertainty analysis of carbon dynamics in arctic terrestrial
ecosystems
Lead: Hélène Genet
This breakout group will discuss methods, data availability and model comparison
of sensitivity and uncertainty analysis focused on carbon dynamics in arctic and
boreal ecosystems. The goal of this breakout group is to develop a sensitivity
analysis that would be conducted by multiple modeling groups to evaluate how
model sensitivity (and performance) is affected by model structure.
1:00 PM EDT/
19:00 CEST

END

Day 3: Wednesday, June 15, 2022
Ensemble DA Methods
Meeting Link
9:50 AM EDT/
15:50 CEST

Coffee/tea time to join the conversation early and test out your camera and
microphone. If you wish to use one, we are encouraging everyone to choose a
different field work or earth observation photo each day (e.g. from the NASA or
ESA image archives) as your background image on Zoom.

10:00 AM EDT/
16:00 CEST

Welcome from the Co-Chairs: Introduction to Day 3

10:05 AM EDT/
16:05 CEST

Speaker 1: Shunji Kotsuki (Chiba University) - Development of Portable Ensemble
Data Assimilation Algorithm For Land, Atmosphere and, Coupled Data Assimilation

10:20 AM EDT/
16:20 CEST

Q&A

10:25 AM EDT/
16:25 CEST

Speaker 2: Yijian Zeng (University of Twente) - Impact of land model physics on
estimating soil moisture and temperature with an Ensemble Transform Kalman
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Filter
10:40 AM EDT/
16:40 CEST

Q&A

10:45 AM EDT/
16:45 CEST

Break

10:55 AM EDT/
16:55 CEST

Speaker 3: Kenneth J. Davis (Pennsylvania State University) - What do
atmospheric inversions need from the Land DA community?

11:10 AM EDT/
17:10 CEST

Q&A

11:15 AM EDT/
17:15 CEST

Speaker 4: Michael Dietze (Boston University) - Assimilating Discrete Disturbance
Events

11:30 AM EDT/
17:30 CEST

Q&A

11:35 AM EDT/
17:35 CEST

Speaker 5: Clara Draper (NOAA OAR ESRL PSL) - Generating ensembles for
ensemble-based soil moisture data assimilation

11:50 AM EDT/
17:50 CEST

Q&A

11:55 AM EDT/
17:55 CEST

Break

12:00 PM EDT/
18:00 CEST

Breakout Group Report Backs and Plenary Discussion

1:00 PM EDT/
19:00 CEST

END
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New Directions in Land Data Assimilation
June 13-15, 2022 ⋅ 10:00-13:00 EDT / 4:00 - 7:00 CEST / Time Zone
Virtual Workshop: Breakout Groups

Breakout discussion section:
- For the breakout discussions, we will use breakout rooms in Zoom. Be sure that your Zoom client
is updated, so that you can choose your own breakout room! See instructions for selecting a
breakout room in Zoom here.
- The workshop organizers will introduce the breakout room themes, and you are welcome to join
the breakout room of your choice.
- Discussions will be guided by a breakout discussion lead for 40 minutes.
- If you would like to speak for yourself, please type “!” at the beginning of a chat box line.
- Each BOG moderator will provide a short (1-2 minute) summary of what was discussed during
the plenary session on Day 3.
- All breakout group documents can be found in this Google drive folder. (Requires sign-in. Please
email aimes@futureearth.org if you have any issues accessing the folder.)

Breakout Group 1: Characterizing human management features with remote sensing and data
assimilation
Lead

Discussion Leads and Rapporteurs: Sujay Kumar and Manuela Girotto

About

This breakout session will focus on exploring data assimilation and modeling
efforts to characterize the impact and drivers of anthropogenic processes such
as irrigation, groundwater pumping, reservoir management, disturbances such
as fires.

Jamboard

https://jamboard.google.com/d/1ocwiT5o-2vLqPc2gc_tGS2uUcoIVxBZk4yvVtY
LMel0/edit?usp=sharing

Shared Doc

https://docs.google.com/document/d/1fuXAu4Q8TH3FtHVPvVPCoWpczhFipz
Yc5xqFHzumGhA/edit?usp=sharing
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Breakout Group 2: Land forecasting and the NEON Forecasting Challenge
Leads

Discussion Lead: Michael Dietze

About

What can we do, in general, to promote near-term and S2S forecasts of land
processes and how can the land DA community get involved with the
Ecological Forecasting Initiative's NEON forecasting challenge in particular?

Jamboard

https://jamboard.google.com/d/1CCaHMCF9inUTrAKSecrMBd8ztPTrH-qVd7R
DQZZh5TI/edit?usp=sharing

Shared Doc

https://docs.google.com/document/d/1vjT02OfY7Uqn6Ivz0yGUEQwEyPDRrs5
2H4UX6Vbld6w/edit?usp=sharing

Breakout Group 3: Non-linear filters for data assimilation
Leads

Discussion Lead: Prashant Kumar

About

This breakout session will consider potential and need of non-linear filters for
land data assimilation. The goal of this breakout group is to explore limitations
of the present land data assimilation techniques and benefits and challenges of
assimilating land observations using non-linear filters (like "Land data
assimilation using particle filter").

Jamboard

https://jamboard.google.com/d/1A2J4mCV95j6rRBphnyEEb77qd3h-pUHXX76
pfQIpwSM/edit?usp=sharing

Shared Doc

https://docs.google.com/document/d/1ZdrjLKSOs8zln_NCORfJrvEXVxaCvveR
GvmPbrcph0Y/edit?usp=sharing

Breakout Group 4: Co-developing DA education/course materials
Leads

Discussion Lead: Natasha MacBean

Motivating questions

In this breakout group we will discuss opportunities for co-developing, as a
Land DA Community, DA educational materials (or a possible short course) to
help train early stage PhD students in DA methods, and/or to entice senior
undergraduate and Masters students to pursue PhDs that would require
knowledge and experience in DA.

Jamboard

https://jamboard.google.com/d/1VmQwEuI0QVEGfkWnr0rWLOE8GsrxhsMlyZ
zxGw8tOEU/edit?usp=sharing

Shared Doc

https://docs.google.com/document/d/1T5fpnV5CO3hoAn6p_l142oZ9vTALNg4
Uq8F4To4oOeM/edit?usp=sharing
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Breakout Group 5: Sensitivity / Uncertainty analysis of carbon dynamics in arctic terrestrial
ecosystems
Leads

Discussion Lead: Hélène Genet

About

This breakout group will discuss methods, data availability and model
comparison of sensitivity and uncertainty analysis focused on carbon dynamics
in arctic and boreal ecosystems. The goal of this breakout group is to develop
a sensitivity analysis that would be conducted by multiple modeling groups to
evaluate how model sensitivity (and performance) is affected by model
structure.

Jamboard

https://jamboard.google.com/d/1RYIWNAHsoQDdJlGETuKki9nOJ9InpGk8aLO
YPEFTFeI/edit?usp=sharing

Shared Doc

https://docs.google.com/document/d/17B6hZYGZzr1Wn2K2luM2-E77MqpoXjV
NdcWzS9UXGfk/edit?usp=sharing

Some discussion prompts include the following questions:
1. What factors are hindering progress in this area, and what are the next steps to address these
challenges?
2. What do you think the land DA WG and/or a land DA community could do to facilitate progress in
this area? (e.g. help organize collaborative studies, organize more focused, one-off meetings on
a specific topic, identify funding for research, make connections between people interested in
working on this topic?)
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New Directions in Land Data Assimilation
June 13-15, 2022 ⋅ 10:00-13:00 EDT / 4:00 - 7:00 CEST / Time Zone
Virtual Workshop: Workshop Guidelines
General guidelines for how the two main sessions:
Talks:
-

Each speaker will present for 15 minutes followed by a 5 minute Q&A.
The moderator of each session will say when a speaker has 2 minutes left and when time is up.
We encourage interaction through the chat box where you can post questions at any time.
If you would like to speak for yourself, please type “!” at the beginning of a chat box line.
Where speakers have agreed, we will record the talks and post these online for later viewing by
those who are unable to attend the meeting. The working group will retain but not publicly post
the discussion.

Breakout group discussion section:
- The workshop organizers will introduce the breakout room themes, and you are welcome to join
the breakout room of your choice.
- Discussions will be guided by a breakout discussion lead for 40 minutes.
- Notes from the discussion can be captured on the Google jam board provided by the breakout
group moderator. All participants are encouraged to add to the jam board. A designated note
taker will further capture the discussion in a Google doc.
- A plenary session will be held on the following day during which each BOG moderator will provide
a short (2 minute) summary of what was discussed.

11

New Directions in Land Data Assimilation
June 13-15, 2022 ⋅ 10:00-13:00 EDT / 4:00 - 7:00 CEST / Time Zone
Virtual Workshop: Abstract Booklet

Monday, June 13, 2022: Machine Learning in Land DA
Speakers: Sujay Kumar, NASA/GSFC; Xu Shan, TU Delft; Timothée Corchia, CNRM; Philippe Peylin,
CNRS-LSCE; Feng Tao, Tsinghua University; Daiya Shiojiri, Chiba University
Tuesday, June 14, 2022: Novel Observations and Approaches
Speakers: Cédric Bacour, LSCE; Yiqi Luo, Northern Arizona University; Paul A. Levine, Jet Propulsion
Laboratory; Shuang Ma, Jet Propulsion Lab Caltech
Wednesday, June 15, 2022: Ensemble DA Methods
Speakers: Shunji Kotsuki, Chiba University; Yijian Zeng, University of Twente; Kenneth Davis,
Pennsylvania State University; Michael Dietze, Boston University; Clara Draper, NOAA OAR ESRL PSL
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June 13, 2022: Machine Learning in Land Data Assimilation
10:10 AM EDT

Use of advanced machine learning for improved exploitation of remote
sensing information
Sujay Kumar1, Shahryar Ahmad 1, Goutam Konapala1, Clara Draper2
¹NASA GSFC
2

NOAA

Abstract: Given the significant heterogeneity and complexity of the land surface, there are
significant barriers to fully exploiting the information content of remote sensing datasets. While
there has been significant progress in the use of land data assimilation methods, majority of
them still rely on the use of retrieval products to incorporate them within land surface models.
The reliance on retrieval model products, which have their own associated biases and
uncertainties has been limiting. In soil moisture data assimilation instances, for example, remote
sensing retrievals are often rescaled to match the climatology of the model because of the large
scale systematic differences between the model and remote sensing retrieval estimates. These
rescaling approaches lead to loss of information and are inadequate in handling dynamic
changes in bias characteristics, and when unmodeled processes are present. The use of
optimization tools to reduce the systematic errors in the model, therefore, is desirable. The
traditional calibration approaches, however, are computationally expensive, limiting their
application over large/fine spatial scales. Here we demonstrate the use of advanced machine
learning tools for the effective reduction of systematic errors in a computationally efficient
manner. The presentation will also discuss how the use of machine learning is impactful in
improving the information content of retrieval products. For example, though there has been a
long legacy of passive microwave radiometry for snow mass estimation, most of the retrievals
are fraught with issues of limited skill over mountains and forests and insufficient interannual
variability. The use of advanced machine learning tools is more effective in exploiting the relative
sensitivities in radiance measurements for improving these limitations. The presentation will
also describe how the machine learning applications provide inferences on improving model
representations.
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June 13, 2022: Machine Learning in Land Data Assimilation
10:30 AM EDT

Assimilating ASCAT dynamic vegetation parameters to constrain the plant
water dynamics in land surface model
Xu Shan1, Susan Steele-Dunne1, Manuel Huber2, Sebastian Hahn1, Wolfgang Wagner1,3,
Bertrand Bonan4, Clement Albergel 4, Jean-Christophe Calvet4, Ou Ku5, Sonja Georgievska5
Department of Geoscience and Remote Sensing, Faculty of Civil Engineering and
Geosciences, TU Delft, Delft, the Netherlands
2
Department of Water Management, Faculty of Civil Engineering and Geosciences, TU Delft,
Delft, the Netherlands; now at European Space Agency, European Space Research and
Technology Centre (ESTEC), 2201 AZ, Noordwijk, the Netherlands
3
Department of Geodesy and Geoinformation (GEO), Vienna University of Technology, Vienna,
Austria
4
CNRM, Universit ́e de Toulouse, Météo-France, CNRS, Toulouse, France; now at European
Space Agency Climate Office, ECSAT, Harwell Campus, Didcot, Oxfordshire, UK;
5
Netherlands eScience Center, Amsterdam, the Netherlands

1

Abstract: Our current ability to parameterize plant water dynamics in land surface model (LSM)
constrains our capacity to understand land-atmosphere processes, and our ability to represent
the response of ecosystems to drought (Powell et al., 2013). Microwave remote sensing
datasets contain valuable information about plant water content variations from sub-daily scale
to interannual scales under saturation or water stress (Konings et al., 2017; Steele-Dunne et al.,
2019) and can be assimilated to constrain plant water dynamics in LSMs.
Recent research has shown that the backscatter-incidence angle relationship of the Advanced
Scatterometer (ASCAT) data varies in response to changes in vegetation water content and
phenology. In this study, we are working towards assimilating these data to constrain water
dynamics in a LSM. Firstly, we addressed the challenge about how to reconcile the states and
parameters of the LSM with the satellite observations. A Deep Neural Network (DNN) was
trained to link the ASCAT observables to the soil moisture in different layers and the
vegetation-related states. Secondly, we assimilated ASCAT dynamic vegetation parameters into
land surface model ISBA-A-gs.
In a study over France from 2007 to 2019, the DNN is used to simulate the normalized
backscatter as well as the slope and curvature of the backscatter-incidence angle relationship.
Results show that the DNN has a near zero bias for normalized backscatter and slope. A
sensitivity analysis shows that ASCAT observables are sensitive to variations in not only surface
soil moisture and LAI, but also root zone soil moisture because of the dependency of plant
water content on soil moisture in deeper layers.
Further, assimilation results show improvement of estimates of soil moisture and LAI.
Furthermore, this method is highly transferable and lends itself to multi-observation assimilation.
This paves the way to constrain vegetation water processes in LSMs using all available satellite
data.
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June 13, 2022: Machine Learning in Land Data Assimilation
10:50 AM EDT

Contribution of machine learning for the integration of satellite
observations in a global model of the soil-plant system
Timothée Corchia1, Bertrand Bonan1, Jean-Christophe Calvet1, Gabriel Colas, and Nemesio
Rodriguez-Fernandez2
CNRM, Université de Toulouse, Météo-France, CNRS, 31057, Toulouse, France
Centre d’Etudes Spatiales de la Biosphère, CESBIO - CNESCNRSIRSUPS

1

2

Abstract: In the context of climate warming, the frequency and the intensity of extreme events
such as droughts is increasing and better modeling of the response of vegetation to climate is
needed. Monitoring the impact of extreme events on terrestrial surfaces involves a number of
variables of the soil-plant system such as surface albedo, the soil water content and the
vegetation leaf area index (LAI). These variables can be monitored by either using the
unprecedented amount of data from the Earth observation satellite fleet, or using land surface
models. Another solution consists in combining all available sources of information by
assimilating satellite observations into models. In this work, C-band Advanced SCATterometer
(ASCAT) Radar backscatter (sigma0), L-band Soil Moisture and Ocean Salinity (SMOS) Vertical
and Horizontal brightness Temperatures (V and H BT) satellite products are assimilated in the
ISBA land surface model of Meteo-France using the LDAS-Monde tool. First, observation
operators are built using machine learning. Neural networks (NNs) are trained using the
modeled surface soil moisture (SSM), soil temperature, rainwater interception by leaves, and
satellite-derived LAI observations from Copernicus as inputs. The NNs are then used to find the
statistical relationship between the input data and the satellite products, making LDAS-Monde
capable of assimilating the satellite observations. It is shown that the assimilation of level 1 data
alone is able to markedly improve the simulated LAI and SSM.
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June 13, 2022: Machine Learning in Land Data Assimilation
11:40 AM EDT

Comparative evaluation of different data assimilation approaches to
optimize the parameters of the ORCHIDEE land surface model
Philippe Peylin1, Nina Raoult1, Maxime Carenso1, Vladislav Bastrikov1, Catherine Ottle1, Maelle
Coulon1, James Salter1, Cedric Bacour1 and the ORCHIDAS group
Laboratoire des Sciences du Climat et de l'Environnement (LSCE)

1

Abstract: For more than 10 years, different approaches have been developed by the
international scientific community to optimize the parameters of biosphere models by
assimilating different types of observations. These are essentially based on a Bayesian
formalism with the minimisation of a cost function that takes into account all the errors
associated with the model (structural errors and errors associated with the parameters) as well
as the observations and our a priori knowledge of the parameters (assuming also Gaussian
error distributions). Key examples include variational approaches (i.e., using a gradient method
which requires the calculation of the sensitivity of the cost function to the parameters), Monte
Carlo approaches (genetic algorithms, Markov chains, etc.) or "filter" approaches (i.e. Kalman
filter, particle filter, etc.). Within the framework of the optimisation of the global continental
surface model, ORCHIDEE, we have developed an assimilation system (ORCHIDAS) and
tested mainly 2 methods (gradient method and genetic algorithm): see
https://orchidas.lsce.ipsl.fr/. However, recent developments have highlighted alternative
methods, based on ensemble filters or using physical model emulators, which offer advantages,
particularly with regard to i) the numerical speed of the optimisation and ii) the ease of
assimilating a set of observations of various natures. In this presentation, we look in particular at
History Matching - a method based on emulation techniques developed by the uncertainty
quantification community for the calibration of model parameters and successfully applied to
climate models. We discuss the advantage of this technique (with respect to the gradient
method and a genetic algorithm) and test the potential of this new approach in calibrating
ORCHIDEE. The test case will consist in assimilating in situ data of water and carbon flux
measurements (about 100 sites) and satellite proxies of vegetation activity (solar-induced
fluorescence - SIF) to evaluate the respective performances of the different methods: level of fit
to the observations, sensitivity to local minima of the cost function, computation time, etc.
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June 13, 2022: Machine Learning in Land Data Assimilation
11:20 AM EDT

PROcess-guided deep learning and DAta-driven modelling (PRODA) to
uncover key patterns and mechanisms in global soil carbon dynamics
Feng Tao1, Yiqi Luo2
Department of Earth System Science, Tsinghua University, Beijing, 100084, China
Center for Ecosystem Science and Society, Department of Biological Sciences, Northern
Arizona University, AZ, USA
1

2

Abstract: Soils are the largest organic carbon pool in the terrestrial ecosystem. Yet, key
mechanisms that regulate soil organic carbon (SOC) formation and sequestration remain poorly
understood. To better understand global SOC storage and its feedback to changing climate, we
developed a novel PROcess-guided deep learning and DAta-driven modelling (PRODA)
approach. PRODA integrates data assimilation, deep learning, big soil carbon datasets, and
process-oriented models to best represent and understand global soil carbon dynamics. In an
example that integrated 52,819 globally distributed vertical SOC profiles into the Community
Land Model (CLM5), PRODA-optimised model simulation explained 57% spatial variation in
SOC content. Meanwhile, microbial carbon use efficiency (CUE) emerged as the pivot to global
SOC storage and spatial distributions compared with other mechanisms (e.g., decomposition,
plant carbon input, and vertical transport). The findings revealed by PRODA enriched the classic
paradigm to focus on not only SOC decomposition and organic carbon input but also microbial
CUE in understanding global SOC formation and persistence. Moreover, PRODA approach
presents its potential in gaining emergent understandings of transient dynamics of SOC from
integrating multiple sources of soil carbon datasets into process models. In an example at
Harvard Forest, SOC sequestration from 1900 to 2010 after being constrained by both SOC
content and soil radiocarbon data showed higher efficiency with lower residence time than the
results only informed by the radiocarbon data. In the future, integrating process-oriented models
with different sources of global soil carbon datasets is essential to accurately quantify global soil
sequestration under climate change.
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June 13, 2022: Machine Learning in Land Data Assimilation
12:00 PM EDT

Optimizing rain gauge locations based on data-driven sparse sensor
placement
Daiya Shiojiri1, Takumi Saito1, Mao Ouyang1, Shunji Kotsuki1
Center for Environmental Remote Sensing, Chiba University

1

Abstract: Precipitation is one of the most important variables in hydrological studies because it
provides the ultimate source of water resources, and occasionally causes severe disasters.
Therefore, estimating spatio-temporal distributions of precipitation has been a key challenge in
hydrological studies. Rain gauge stations provide essential ground truth data that is used to
calibrate satellite/ground radar observations and numerical weather prediction models.
However, there have been few studies that have explored optimization methods of rain gauge
locations. For the rain gauge placement in this study, we use the data-driven sparse sensor
placement (SSP) method, which has been developed in informatics science. This method
determines the optimal sensor locations so that the selected sensors effectively determine
coefficients of proper orthogonal decomposition (POD) modes. The original SSP method
reconstructs the spatial patterns of data from the selected sensors by solving a linear inverse
problem using the POD modes.
This study extends the existing SSP method for the problem of rain gauge placements by
incorporating singular values of POD in addition to the POD modes. We also introduce two to
reconstruct spatial patterns of precipitation. One is the data assimilation approach that can
estimate the spatial patterns better than the simple linear inverse problem owing to Tikhonov
regularization. The other implementation is the localization for eliminating erroneous sampling
noise and increasing the rank of background error covariance. We applied the proposed method
for the placements of rain gauge observations over Hokkaido Island in Japan. Here we used
14-day accumulated precipitation of radar observations from 2006 to 2016 as training data.
Based on the POD modes of the training data, observation locations were determined. We
estimate spatial patterns of precipitation from selected points of precipitation by data
assimilation, and compared with reference radar data for 2017-2018. The optimized locations of
rain gauge stations by SSP method reconstruct more accurate spatial patterns of precipitation
than the fields reconstructed with operationally distributed rain gauge locations.
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June 14, 2021: Novel Observations and Approaches
10:05 AM EDT

Assessing the complementarity of multiple datasets in constraining model
estimates of net and gross global C budgets within a data assimilation
framework
Cédric Bacour1, Natasha MacBean2, Philippe Peylin1, Frédéric Chevallier1
LSCE (France)
Department of Geography - Indiana University Bloomington (USA)

1
2

Abstract: Over the past decade, application of data assimilation – DA - techniques has become
a key component of land surface modelling. DA does not only enable improving the
parameterization of terrestrial biosphere models (TBMs) but can also help pinpointing some of
their deficiencies.
When earlier DA works mostly assimilated only one data-stream, the benefit and challenges of
assimilating multiple datasets had to be explored. Indeed, a greater number and diversity of
observations should provide stronger constraints on model parameters, including a wider range
of processes,hence further reducing model uncertainty. However, a major challenge in the joint
assimilation of multiple data-streams concerns the inconsistencies between observations and
model outputs, which are usually not accounted for in common ""bias-blind"" Bayesian DA
systems relying on the hypothesis of Gaussian errors. The likely impact of model-data biases on
the parameter optimization is a degraded model performance as well as an illusory decrease in
the estimated model uncertainty.
In this study, we illustrate the challenges of assimilating simultaneous multiple datasets related
to the carbon cycle within the ORCHIDAS assimilation system associated with the ORCHIDEE
TBM: net ecosystem carbon exchange and latent heat fluxes measured at eddy covariance
sites across different ecosystems, satellite derived Normalised Difference Vegetation Index and
monthly atmospheric CO2 concentration data measured at surface stations. To address the
question of the compatibility between the data-streams, we conducted diverse assimilation
experiments in which the different data-streams were assimilated alone or together. Hindcasts
performed with these different calibrated models enabled us to quantify the relative model
improvement with respect to each data-stream, and to identify whether a given dataset
complements or contradicts the other data within the DA system and the ORCHIDEE model
structure. We also present statistical diagnostics that were applied to check the consistency of
the prior errors on model parameters and observations, and the information content brought by
each individual data stream within the joint assimilation framework.
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June 14, 2021: Novel Observations and Approaches
10:25 AM EDT

Estimating spatially and temporally varying parameters of Earth system
models with data assimilation and deep learning
Yiqi Luo1
Northern Arizona University

1

Abstract: Earth system models (ESMs) generate great uncertainty partly because ESMs use
constant parameters. More and more evidence show that model parameter values must vary
over time and space to realistically simulate ecosystem dynamics well. Indeed, parameter
values that are estimated using data assimilation vary with sites and treatments in global
change experiments. Varying parameters are to account for both processes at unresolved
scales and changing properties of evolving systems. A model, no matter how complex it is,
could not represent all the processes of one system at resolved scales. Interactions of
processes at unresolved scales with those at resolved scales should be reflected in model
parameters. Meanwhile, it is pervasively observed that properties of ecosystems change over
time, space, and environmental conditions. Parameters, which represent properties of a system
under study, should change as well. Data assimilation estimates parameter values at individual
sites. The site-level estimates of parameters have to be upscaled by a deep learning model to
predict spatially heterogeneous parameters at regional and global scales so that modelled and
observed ecosystem dynamics are maximally matched.
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June 14, 2021: Novel Observations and Approaches
10:55 AM EDT

Variable response of Amazon watersheds to climate and CO 2 trends across
environmental gradients
Paul A. Levine 1, A. Anthony Bloom 1, Alexandra G. Konings 2, Matthew Worden2, Shuang Ma1,
Renato Braghiere2, Alexander Norton 2, Nicholas Parazoo2
1
2

Jet Propulsion Laboratory, California Institute of Technology
Stanford University, Department of Earth System Science

Abstract: The Amazon River basin contains a substantial amount of carbon stored within
terrestrial ecosystems. The unknown fate of this carbon remains a substantial source of
uncertainty in projections of the Earth system. While increasing atmospheric carbon dioxide
concentrations could potentially enhance photosynthetic carbon uptake and/or reduce
transpiration, increasing vapor pressure deficits have the potential to act with the opposite sign
on both of these fluxes. Here, we investigate these competing factors at a process level, using
the Carbon Data Modeling Framework (CARDAMOM), a data assimilation system in which we
constrain a parsimonious ecosystem model with observations from river runoff gauging stations,
gravimetric water storage anomalies, and solar-induced chlorophyll fluorescence. Several
incremental advances to CARDAMOM have enabled the use of watershed-scale constraints,
which allows us to produce observationally consistent reanalyses of the coupled carbon and
water cycles in 14 watersheds across the Amazon basin. We find that the response to trends in
atmospheric carbon dioxide concentrations and meteorological drivers varies across a
hydroclimatic gradient within the Amazon, with implications for how carbon and water cycling
could be expected to change subject to future biogeochemical and climatic trends.
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June 14, 2021: Novel Observations and Approaches
11:15 AM EDT

Resolving the carbon-climate feedback potential of high latitude wetland
CO2 and CH4 exchanges
Shuang Ma1, A. Anthony Bloom 1, Gregory R. Quetin2, Jennifer D. Watts3, Zona Donatella4,
Eugenie Euskirchen5, Alexander J. Norton 1, Yin Yi 6, Paul A. Levine 1, Nicholas C. Parazoo1, John
R. Worden1, Charles E. Miller1, David S. Schimel1
Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA
Department of Geography, University of California, Santa Barbara, USA
3
Woodwell Climate Research Center, Falmouth, MA, USA
4
San Diego State University, San Diego, CA, USA
5
Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, AK, USA
6
Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena,
CA, USA.
1

2

Abstract: High latitude wetlands are key stores of organic carbon (C), and play a major role in
the greenhouse gas balance of high-latitude ecosystems. The carbon-climate feedback potential
of high latitude wetlands remains poorly understood, not least due to uncertainty on competing
temperature and precipitation controls on CO2 and CH4 carbon-dioxide (CO2) uptake, and
decomposition of soil C into CO2 and methane (CH4) fluxes. In particular, while CH4 fluxes
typically account for a smaller component of the C balance, the climatic impact of CH4
outweighs CO2, given its 28-34 times larger Global Warming Potential (GWP) on a 100 years
scale, highlighting the need to jointly resolve the climatic sensitivities of both CO2 and CH4. To
quantitatively assess the carbon-climate feedback potential of wetland ecosystems, we
developed a simple Joint-CO2-CH4-Respiration scheme (JCR) in a terrestrial biosphere model
(DALEC) and used a data-model integration approach (CARbon Data Model fraMework,
CARDAMOM) to produce a data-constrained analysis of environmental controls of carbon
exchange and its sensitivity to inter-annual variations and trends in climate change at seven
high-latitude wetland eddy covariance sites. The observation-optimized model accurately
represents seasonal and inter-annual variability of CH4 and CO2 fluxes. Based on
observation-constrained model processes, we perturb meteorological forcings to quantify the
sensitivity of CH4 and CO2 fluxes to potential inter-annual variations and trends in precipitation
and temperature. Overall, we find that (i) precipitation, rather than temperature, dominates the
NEE and CH4 sensitivities to climate through soil moisture, and (ii) the sign of the GWP
response reversed depending on precipitation levels in warming scenarios. A warmer and drier
climate may decrease total GWP by 0.01 ± 0.02 gCO2/m2/day, and a warmer and wetter
climate increase GWP by 0.05 ± 0.03 gCO2/m2/day in these high-latitude wetland ecosystems.
We demonstrate joint observational constraints on CO2 and CH4, which is the key to
understanding high-latitude ecosystem responses in the coming decades, and highlights the
need to reduce uncertainty on both (a) CO2 and CH4 biogeochemistry, (b) climatic changes in
coming decades, to improve assessment of wetland carbon-climate feedback potential.
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June 15, 2021: Ensemble DA Methods
10:05 AM EDT

Development of Portable Ensemble Data Assimilation Algorithm For Land,
Atmosphere and, Coupled Data Assimilation
Shunji Kotsuki1
Chiba University

1

Abstract: The ensemble Kalman filter (EnKF) is an advanced data assimilation method using
the flow-dependent forecast error covariance estimated by an ensemble of model forecasts.
Among various kinds of EnKFs, the ensemble transform Kalman filter (ETKF; Bishop et al 2001;
Hunt et al 2007) is an efficient method for parallel computations, and has been widely used for
Earth system models such as for atmosphere, ocean, and land surface models. Our group has
been developing an ETKF-based data assimilation algorithm
(https://github.com/skotsuki/speedy-lpf). In addition to the classical ETKF, this algorithm
incorporates a local particle filter and its Gaussian Mixture extension (Kotsuki et al. 2022), and
hybrid background error covariance model (Kotsuki and Bishop 2022) as the form of ETKF. We
have been developing this ETKF-based algorithm for the global atmospheric data assimilation
system known as NEXRA, which is currently running operationally on the JAXA’s
third-generation supercomputing system. The ETKF-based algorithm has an additional
advantage in representing weakly-coupled or strongly-coupled land-atmosphere data
assimilation easily by regulating the ensemble transform matrix for land and atmospheric
components.
This talk introduces our ensemble data assimilation algorithm and its developmental concept.
We also show its applications to global atmospheric and land-atmospheric data assimilation
experiments. For example, we are exploring the optimal coupled land-atmosphere data
assimilation method in the NEXRA for improving weather and hydrological forecasts by
assimilating soil moisture data. We found that updating atmospheric variables by assimilating
soil moisture data improves soil moisture analysis and forecasts and mitigates a warm
temperature bias in the lower troposphere where a dry soil moisture bias exists. However,
updating soil moisture by assimilating atmospheric observations has detrimental impacts on soil
moisture analysis and forecasts. This talk also introduces our recent work on land data
assimilation of satellite-sensed land surface temperature for a Japanese land surface model
SiBUC.
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June 15, 2021: Ensemble DA Methods
10:25 AM EDT

Impact of land model physics on estimating soil moisture and temperature
with an Ensemble Transform Kalman Filter
Yijian Zeng1, Bob Su1
University of Twente

1

Abstract: The paper introduces STEMMUS (i.e. the model considering coupled liquid, vapor,
dry air and heat transport in soil) together with a data assimilation platform, to check how
different model complexities can affect the model performance in estimating soil moisture and
soil temperature in an arid environment, for a sub-weekly time period. The different model
complexities were achieved by including or excluding different coupling mechanisms in the
STEMMUS, for example, the diffusion-based mechanism (DM), the coupled moisture and heat
transport mechanism through the inclusion of vapor flow (DMV) and the comprehensively
coupled mechanism including dry airflow (DMVA). The results show that the model physics does
not play a great role in affecting soil moisture estimations, when the soil moisture observation is
dense. Even for sparse soil moisture observation (>6hr observational interval), there is no
obvious advantage of either complex or simple model in estimating soil moisture in the data
assimilation system. However, the designing of the observation interval, at which the observed
soil moisture data will be assimilated, is deemed important in affecting the data assimilation
result of soil moisture, especially when the soil experiences wetting-drying cycles. The earlier
assimilation of the soil moisture responses to such cycle will lead to better estimations. For soil
temperature, different model complexities do play a role in affecting the data assimilation
results. The complex model performs better than the simple model in estimating soil
temperature. The simple model cannot constrain the soil temperature dynamics at deeper layer
when the observation of soil temperature is limited.
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June 15, 2021: Ensemble DA Methods
10:55 AM EDT

What do atmospheric inversions need from the Land DA community?
Kenneth J. Davis1
The Pennsylvania State University

1

Abstract: Atmospheric inversions require prior flux estimates. Land data assimilation systems
can provide these prior flux estimates. What are some of the features that could be provided by
the land DA community that would make the operators of atmospheric inversion systems smile?
I will provide a review of our group’s efforts at land DA aimed toward improving prior flux
estimates for atmospheric inversions. I will also present a “wish list” from the atmospheric
inversion community. My aim is to open a discussion that will increase collaboration between
the land DA and atmospheric inversion communities.
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June 15, 2021: Ensemble DA Methods
11:15 AM EDT

Assimilating Discrete Disturbance Events
Michael Dietze1
Boston University

1

Abstract: Current approaches to bottom-up disturbance monitoring rely heavily on the detection
of land-use, land-use change, and forestry (LULUCF) through remote sensing, but often
account for ecosystem impacts using simple look-up tables. By contrast, process models are
frequently used to analyze and predict disturbance dynamics in greater detail. Once
observations are available, however, we need to update predictions, especially for stochastic
processes such as disturbance. State data assimilation (SDA) is designed specifically to update
predictions, nudging modeled states back toward reality in proportion to the uncertainties in the
model and the data, but current SDA algorithms are designed to update continuous states, not
discrete disturbances. Here we develop a new Bayesian SDA algorithm that combines a
discrete Multinomial state-and-transition framework with conventional ensemble filtering SDA
approaches. To demonstrate the potential for assimilating disturbance, we applied the
Multinomial SDA to the Very Simple Ecosystem Model (VSEM), performing both simulated data
experiments with known disturbances and testing the algorithm against real-world disturbances
detected in the LandTrender data product for central Oregon.
With simulated disturbance we demonstrate the ability to not only detect discrete disturbance
events but also avoid false positives. We also demonstrated the ability to fuse multiple data
types to successfully distinguish different disturbance types, and to probabilistically capture
vegetation type ‘switching’ events within the assimilation and ensemble forecast. To apply this to
real-world data we calibrated VSEM against eddy-covariance and ancillary data from the
Ameriflux US-Me2 tower. We then selected 356 conifer forest sites for testing, using the
Landtrendr disturbance product to stratify by four disturbance types (cut, burn, pest, and other).
We then assimilated the 30m Landtrendr annual aboveground biomass product from 1990-2017
and assessed the rate of disturbance detection. Assimilating just AGB, our assimilation was
sensitive to disturbances that reduced biomass by 1.5 kg/m2 but underpredicted defoliation
disturbances, which we expect would be improved by also assimilating LAI. Moving forward, the
SDA framework provides an exciting opportunity to fuse multiple data sources to holistically
improve real-time disturbance detection, impact assessment (e.g. carbon sequestration), and
forecasts of both disturbance events and post-disturbance recovery within a single integrated
system.
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June 15, 2021: Ensemble DA Methods
11:35 AM EDT

Generating ensembles for ensemble-based soil moisture data assimilation

Clara Draper1
NOAA OAR ESRL PSL

1

Abstract: This presentation will review aspects related to the generation of ensembles for
ensemble-based land data assimilation, for both offline and coupled land/atmosphere systems,
using examples drawn from the development of a new land data assimilation system for the
NOAA National Centers for Environmental Prediction (NCEP) global data assimilation and
numerical weather prediction (NWP) system. Several different schemes for perturbing the soil
(moisture and temperature) states in NCEP’s cycling NWP / data assimilation system have been
tested, starting with the approaches used in offline land data assimilation systems. Offline
systems typically account for model uncertainty in ensembles by perturbing a selection of
atmospheric forcing and model state variables. In most cases, the perturbed atmospheric
forcing is generated by adding statistically-generated perturbations to a single atmospheric
realization (say from a model forecast or observations, or a combination of both). However, most
atmospheric reanalysis and NWP systems are now ensemble-based, and ensembles of
forecasts from different atmospheric realizations are now available. While the atmospheric fields
used to force land models are generally under-dispersed in these ensembles, it is beneficial to
use these fields in place of perturbing a single atmospheric realization, since this ensures
internal consistency between the atmospheric variables in each ensemble member, while also
providing more accurate spatial variation in the model forcing uncertainty. It is also shown that
adding perturbations to the soil moisture states, as is often done in offline systems, generates
unrealistic spatial patterns in the resulting ensemble spread. By contrast, perturbing the land
model parameters, in this case vegetation fraction, generates a more realistic distribution in the
ensemble spread, while also inducing perturbations in the land and atmosphere that are
consistent with errors in the land/atmosphere fluxes. The latter is important since it leads to
ensemble error cross-covariances that reflect the uncertainty of the fluxes that determine the
land/atmosphere coupling. By contrast, perturbation methods that target only one component
(say adding perturbations to either the atmospheric or land states) will lead to overestimated
ensemble error covariances where that component is driving the coupling between the
components, and underestimated covariances where the other component is driving the
coupling.
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Virtual Workshop: Posters

1. Impact of uncertainties in meteorological forcing data on global estimates of monthly mean soil
moisture and runoff
Mao Ouyang1*, Daiya Shiojiri, Shunji Kotsuki
Center for Environmental Remote Sensing, Chiba University, Chiba, Japan

1

2. Inferring the Climate Response of Leaf Area Index and its Impacts on Net Biome Exchange Across
Bioclimatic Zones
Alexander J. Norton1*, A. Anthony Bloom1, Nicholas C. Parazoo1, Paul A. Levine1, Shuang Ma1, Renato K.
Braghiere1
1

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

3. Modeling of Microwave Multi-Frequency Backscatter and Emission by a Community Land Active
Passive Microwave Radiative Transfer Modeling Platform (CLAP)
Hong Zhao1*, Yijian Zeng1, Bob Su1, Jan G. Hofste1, Ting Duan1
Faculty of Geo-information Science and Earth Observation (ITC), University of Twente, Enschede, The Netherlands

1

4. Using soil moisture and land surface temperature Earth observations to optimize land surface model
performance
Nina Raoult1*, Catherine Ottlé1, Philippe Peylin1, Vladislav Bastrikov1, and the ORCHIDAS team
LSCE

1

5. Applying the Data Assimilation Research Testbed towards improved simulations of Earth System
Carbon, Water and Energy Cycling
Brett Raczka1*, Jeffrey L. Anderson1, Andrew M. Fox2, Xueli Huo3, Daniel Hagan4, Moha Gharamti1, Kevin
Raeder1, Helen Kershaw1, Ben Johnson1
National Center for Atmospheric Research
Joint Center for Satellite Data Assimilation
3
University of Arizona
4
Nanjing University of Information Science & Technology
1
2

6. Parameter Optimization to Improve Seasonal Predictions of Evapotranspiration Partitioning in
Semiarid Ecosystems
Kashif Mahmud1*, Nina Raoult2, Russell Scott3, Natasha MacBean1
Department of Geography, Indiana University, Bloomington, IN 47405, USA
Laboratoire des Sciences du Climat et de l’Environnement, LSCE/IPSL, CEA-CNRS-UVSQ
3
Université Paris-Saclay, Gif-sur-Yvette, F-91191, France
1*

2

28

7. The Arctic Carbon Monitoring and Prediction System, a data assimilation system to reduce
uncertainty of the permafrost-carbon climate feedback
Elchin Jafarov1*, Helene Genet2, Brendan Rogers1, Jennifer Watts1, Valeria Brionis1, Greg Fiske1, Susan
Natali1
1

Woodwell Climate Research Center, MA
University of Alaska Fairbanks, AK

2

8. Current status and future plans for KIM land surface data assimilation
Sanghee Jun1*, Kyung-Hee Seol1, In-Hyuk Kwon1
Korea Institute of Atmospheric Prediction Systems (KIAPS)

1

9. Assimilate leaf area index and biomass to constrain carbon dynamics in the Arctic and Boreal region
Xueli Huo1*
University of Arizona, AZ

1

10. Weather and Water: Land DA developments using JEDI at the JCSDA
Andy Fox1*, James McCreight2, Amir Mazrooei2, Soren Rasmussen2, Tom Enzminger2, Greg Fall3, Mike
Barlage4, Jiarui Dong5, Youlong Xia5, Clara Draper6, Sergey Frolov6, Tseganeh Gichamo7, Zoﬁa Stanley7
UCAR/JCSDA
NCAR/RAL
3
NOAA/OWP
4
NOAA/EMC
5
IMSG@EMC
6
NOAA/OAR/PSL
7
NOAA/OAR/PSL & CU/CIRES
1
2
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Virtual Workshop: Participants

Camille Abadie
LSCE
camille.abadie@lsce.ipsl.fr

Camille Abadie is a PhD student working on how to improve the
representation of gross primary productivity (GPP) in the
ORCHIDEE land surface model using DA. Her work focuses on
assimilating carbonyl sulﬁde, solar induced ﬂuorescence, and
vegetation optical depth observations to optimize GPP-related
parameters.

Clement Albergel is a Climate Applications Scientist working at the
ESA Climate Oﬃce (ECSAT, Harwell, UK). His main areas of
expertise are in land surface modelling, remote sensing of soil
moisture and vegetation as well as data assimilation. Clement has
a PhD on satellite derived observations assimilation in land surface
models. Prior to joining ESA, he held positions at ECMWF and
CNRM/Météo-France as a scientist from the French National
Research Centre (CNRS) developing activities in land surface
analysis.
Clement Albergel
ESA Climate Office
clement.albergel@esa.int
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Sebastian Apers is a PhD researcher at the Remote Sensing and
Data Assimilation Research Group of the KU Leuven. He conducts
research on tropical peatlands and more speciﬁcally the large-scale
modeling and data assimilation of tropical peatland hydrology. He
recently developed a tropical peat-speciﬁc hydrology module of the
Catchment LSM (PEATCLSM_Trop) and is currently looking into
PEATCLSM_Trop + SMOS data assimilation over tropical peatlands,
with a focus on the Congo Basin peatlands.
Sebastian Apers
KU Leuven
sebastian.apers@kuleuven.be
Cédric Bacour is a research scientist at LSCE. He has a background
on remote sensing and (inverse) modelling of land surface
Cédric Bacour
properties. His current research activities focuses on 1) data
LSCE - Laboratoire des Sciences du
assimilation techniques to improve the simulations of carbon,
Climat et de l'Environnement
water and energy, ﬂuxes by the ORCHIDEE terrestrial biosphere
cedric.bacour@lsce.ipsl.fr
model, 2) algorithmic developments for the estimation of XCO2
from satellite data.

Bertrand Bonan has been a postdoctoral researcher working at
CNRM, Meteo-France's research centre. Since 2018, they have been
working on LDAS-Monde, the Land Data Assimilation System
developed at CNRM. Their research covers various topics: from
methodological aspects (ensemble-based assimilation, assimilation
with AI-based observation operators) to applicative aspects
(kilometric-scale LDAS, vegetation monitoring and forecasting for
agriculture, CO2 emissions, chemical deposition, ...).

Bertrand Bonan
CNRM / Météo-France
bertrand.bonan@meteo.fr
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Isis Brangers
Isis Brangers’s work focuses on assimilating satellite based snow
KU Leuven
mass information into a LSM.
isis.brangers@student.kuleuven.be

Valeria Briones is currently helping with the development of the
Valeria Briones
Woodwell Climate Research Center DVM-DOS-TEM model and aims to run across the pan-arctic. She is
vbriones@woodwellclimate.org
interested in learning more about DA and different applications.

JC Calvet's background is in land surface modeling, microwave
remote sensing, and data assimilation. His research interests
include land–atmosphere exchange modeling and the use of
remote sensing over land surfaces for meteorology. His most
recent works concern the joint analysis of soil moisture and
vegetation biomass using data assimilation techniques.

Jean-Christophe Calvet
CNRM, Toulouse
jean-christophe.calvet@meteo.fr

Maxime Carenso
LSCE, Institut Pierre-Simon
Laplace
maxime.carenso@lsce.ipsl.fr

Maxime Carenso’s background is in implementing history matching
for ORCHIDEE, and Bayesan statistical approach to rule out subpart
of the parameters space by implausibility calculus to observations.
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Elisabetta Carrara
Bureau of Meteorology
elisabetta.carrara@bom.gov.au

Elisabetta Carrara leads the Hydrology Science Section at the
Bureau of Meteorology. The goal is to integrate hydrology in the
ESM, and in the short term improve the parameterisation for
Australia of the LSM. Land surface data assimilation is integral to
this.

Dr. Cristina Charlton-Perez works on DA for NWP at the Met Office.
Her role is to pull through scientific innovations in LSDA to improve
operational weather forecasting. Her interests are in all types of soil
and snow observations and their use in both DA and verification.
She is keen to build stronger connections with hydrological
modellers in future.
Cristina Charlton-Perez
Met Office, UK
c.charlton-perez@metoffice.gov.uk

Timothée Corchia
CNRM
timothee.corchia@meteo.fr

Marianne Cowherd
University of California Berkeley
cowherd@berkeley.edu

Timothée Corchia has a Master’s in Sciences of Oceans,
Atmosphere and Climate from the University of Lyon. After a 1.5
year contract at the LSCE (Paris) in the ICOS greenhouse gas
measurement network team, he decided to start a PHD at the
CNRM in Toulouse. Corchia works on the assimilation of satellite
data in the ISBA land surface model.
Marianne Cowherd is a PhD candidate in the Department of
Environmental Science, Policy, and Management at UC Berkeley
and a Department of Energy Computational Science Graduate
Fellow, advised by Profs Manuela Girotto and Scott Stephens. Her
research is on post-fire snow hydrology and how new wildland fire
patterns are changing mountain hydrology, with a focus on the
American West. She is interested in data assimilation as a tool for
leveraging in situ observations of snowpack and forest structure to
improve modeling of forest-snow interactions. In particular,
Marianne is interested in data assimilation as a method for
producing snow maps that reflect both vegetation under snow and
snow under vegetation.
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Kenneth Davis
Pennsylvania State University
kjd10@psu.edu

Kenneth Davis has spent his career designing and implementing
unique observational efforts whose aim is to inform, test and
improve our understanding of land-atmosphere interactions. His
ﬁrst observational innovation was the implementation of an eddy
covariance ﬂux proﬁle on the WLEF tall tower, and development of
the ChEAS network of ﬂux towers in northern Wisconsin. His group
has worked with and analyzed ﬂux towers, mole fraction towers,
watershed observing networks, and airborne ﬂux, lidar and mole
fraction measurements in forested, agricultural, urban and
industrial landscapes. Data analysis has led his group to apply a
wide variety of model-data synthesis methods including
assimilation of multi-state observations into land surface models
and atmospheric inverse ﬂux estimates.

Lorenzo Francesco Davoli is a Master’s student in Physics of
Complex Systems. M2 intern at research lab LSCE (CEA - Paris
Saclay), where I am working on sun-induced ﬂuorescence
assimilation within the land-surface model ORCHIDEE. Deeply
interested in assimilation techniques, data analysis, timeseries
analysis, history matching and inverse modelling, in particular
regarding satellite observations.
Lorenzo Francesco Davoli
LSCE - Laboratoire du Sciences du
Climate et Environnment, Paris
ldavoli@lsce.ipsl.fr
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Gabrielle De Lannoy is a professor at the Katholieke Universiteit
Leuven, Belgium. Her team works on satellite remote sensing, land
surface modeling and data assimilation, with speciﬁc interests for
water cycle variables such as soil moisture, snow and vegetation.

Gabrielle De Lannoy
KU Leuven
gabrielle.delannoy@kuleuven.be

Ranit De is a PhD student at MPI for Biogeochemistry. They are
working on simulating sub-daily GPP ﬂuxes at FLUXNET sites. De is
also trying to get an understanding of temporal variation of model
parameters and how to improve simulation of inter-annual
variability of GPP ﬂuxes. Before that, they worked with integrated
radiative transfer models, such as SCOPE and SPART.
Ranit De
Max Planck Institute for
Biogeochemistry
rde@bgc-jena.mpg.de

Patricia de Rosnay specializes in Land DA for NWP and reanalysis.

Patricia de Rosnay
ECMWF
patricia.rosnay@ecmwf.int
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Imtiaz Dharssi
Bureau of Meteorology
imtiaz.dharssi@bom.gov.au

Imtiaz Dharssi has extensive research experience in land surface
data assimilation and modelling. Imtiaz led a project at the UK Met
Office to assimilate remotely sensed soil wetness measurements
from the Advanced Scatterometer (ASCAT) instrument on the
Meteorological Operational (MetOp) satellite. A computationally
efficient scheme to assimilate the ASCAT soil wetness data was
developed. Operational implementation of the ASCAT soil wetness
assimilation was achieved in 2010.

Jen Diehl
Northern Arizona University
jld664@nau.edu

Jen Diehl is starting her second year of my PhD under Dr. Andrew
Richardson. She is interested in studying forest productivity
changes under extreme heat stress and drought using a
combination of satellites, ﬂuxtowers, and NEON sites.

Michael Dietze is a professor in the Department of Earth &
Environment, founder & chair of the Ecological Forecasting
Initiative, author of "Ecological Forecasting" (the only book on DA
for ecologists), and lead of the PEcAn terrestrial model-data
informatics system. His group runs a daily carbon and water flux
forecast, daily phenology forecast, and a CONUS-scale
carbon-cycle reanalysis. He coordinated the PalEON last-millenia
land DA model intercomparison and helps coordinate the EFI
NEON forecasting competition.
Michael Dietze
Boston University
mcdietze@gmail.com

Natalie Douglas is a Postdoctoral Research Associate at the
University of Reading. She is currently looking at assimilating
observations of Gross Primary Productivity with JULES the land
surface model. Natalie is mostly using the hybrid method 4DEnVar.

Natalie Douglas
University of Surrey
n.douglas@reading.ac.uk
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Clara Draper
NOAA OAR PSL
clara.draper@noaa.gov
Ting Duan
University of Twente
t.duan@utwente.nl
Amit Kumar Dubey
Space Applications Centre, ISRO
akd.sac@gmail.com

Leading development of a land data assimilation system for
NOAA's global NWP systems.
Ting Duan’s research interest is in vegetation parameters and soil
moisture retrieval using microwave remote sensing data.
Amit Kumar Dubey has been working on WRF-Hydro for
hydrological simulations and ﬂood modeling studies. They are
interested in satellite data assimilation to improve the hydrological
forecast.

Zinny Ezekannagha is a PhD student at Texas Tech University.
Their research is directly linked to using modeling approaches to
better understand photosynthetic acclimation mechanisms in
plants and how these mechanisms affect plant dynamics and
biogeochemical cycles.

Ezinwanne Ezekannagha
Texas Tech University
eezekann@ttu.edu

Umar Farooq is a graduate research assistant at Washington State
University, Pullman. His PhD dissertation is focused on simulating
the global surface energy budget components and analyzing the
outputs using statistical tools to interpret information. The use of
DA is getting common in climate models to improve their
performance and interacting with community working in this
disciple will be helpful in Umar’s career.
Umar Farooq
Washington State University
umar.farooq@wsu.edu
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Istem Fer
Finnish Meteorological Institute
fer.istem@gmail.com

Istem Fer is a senior researcher at the Finnish Meteorological
Institute with a background in quantitative ecology and
carbon-cycle modeling. Their work focuses on improving
process-based mechanistic ecosystem models through model-data
synthesis. Fer is one of the core developers of the PEcAn Project,
an open source ecological-informatics toolbox, for >6 years with
key contributions on data assimilation modules.

Andy Fox is the land project lead at the Joint Center for Satellite for
Data Assimilation in Boulder, CO, USA. He has worked on projects
related to land surface modeling and DA for many years, employing
a range of different methodologies and observations types. He is
currently working to develop land DA systems for NWP and
hydrological applications within the Joint Effort for Data assimilation
Integration framework.

Andy Fox
Joint Center for Satellite Data
Assimilation, UCAR
afox@ucar.edu

Chandana Gangodagamage is a Scientist at NASA Goddard Space
Flight Center/UMD. Chandana is implementing a Data Assimilation
for river Geometries to the SWOT River Database (SWORD) network
of the Congo River Basin. They are also PI for the NASA Water
Resources Tracking Fresh Water from Space for Congo River Water
Resources Management and Water Related Decision Making
project.
Chandana Gangodagamage
NASA Goddard Space Flight Center
chhandana@gmail.com
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Helene Genet uses biosphere models to study ecosystem response
to climate change and disturbances in high latitude regions. She is
particularly interested in ecosystem carbon and nitrogen cycles,
land cover dynamic and permafrost degradation.

Helene Genet
UAF, USA
hgenet@alaska.edu

Gernot Geppert currently works on maintaining and improving the
operational soil moisture, snow and SST analyses at Germany's
national meteorological service (Deutscher Wetterdienst, DWD). He
has a background in mathematics and remote sensing and has
gained experience in Earth system modelling and data assimilation.
He is interested in ensemble methods for land surface and coupled
data assimilation and improved utilisation of observations.
Gernot Geppert
DWD
gernot.geppert@dwd.de

Manuela Girotto
UC Berkeley
mgirotto@berkeley.edu

Carlos Gómez-Ortiz
Department of Physical Geography,
Lund University
carlos.gomez@nateko.lu.se

Manuela Girotto is interested in using data assimilation in the
broader area of snow, soil moisture and groundwater hydrology.
She is interested in understanding how data assimilation can be
used to better understand the hydrologic response and interaction
between natural and human driven processes. Manuela is intrigued
by data assimilation development towards comprehensive
multi-sensor, -spectrum, -resolution data assimilation systems.
Carlos Gómez-Ortiz is a PhD student working on a data
assimilation system to quantify fossil fuel CO2 emissions over
Europe by integrating atmospheric observations and satellite
imagery.
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Ricardo Acosta Gotuzzo
INPE - Brazil
ricardo.acosta@gmail.com

Daniel Fiiﬁ Tawia Hagan
Nanjing University of Information
Science and Technology
danielfhagan@gmail.com

Qianqian Han
University of Twente
q.han@utwente.nl

Cenlin He
National Center for Atmospheric
Research (NCAR)
cenlinhe@ucar.edu

Alexis Helgeson
Boston University
ahelgeso@bu.edu

Jason Horne
Pennsylvania State University
jph6488@psu.edu

Min Huang
George Mason University
mhuang10@gmu.edu

Ricardo Acosta Gotuzzo is working on the development of the
BESM - Brazilian Earth System Model, speciﬁcally on improving the
representation of biosphere-atmosphere interaction processes and
their impacts on the planet's climate.
Daniel Fiiﬁ Tawia Hagan is currently a postdoc at Nanjing University
of Information Science and Technology working on assimilation of
satellite soil moisture into the Community Land Model (CLM) using
the Data Assimilation Research Testbed (DART) with the goal to ﬁll
in gaps in the satellite data while improving data quality.

Qianqian Han’s research topic is global soil water and ﬂuxes
prediction based on ML. She would like to get to know more in DA
ﬁeld.

Cenlin He’s research interest focuses on land modeling and DA.
They currently work as a project scientist at NCAR.

Alexis Helgeson is a ﬁrst year PhD student working on near term
terrestrial carbon and water cycle forecasts. The forecast system
includes a data assimilation component that currently works with
MODIS LAI and ﬂux tower NEE and LE. Her team is working to
incorporate more data streams as part of a larger Carbon
Monitoring project.
Jason Horne studies Land Surface Modeling.

Min Huang is currently working on using LDA to improve the
modeled chemical processes, such as emissions and deposition, in
Earth system models.
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Xin Huang
Northern Arizona University
xh59@nau.edu

Xin Huang has worked on DA study in peatland ecosystem for 3+
years. They also developed a model-independent DA system and
contributed to a web-based DA system for assimilating near-time
observations.

Xueli Huo
The University of Arizona
huoxl90@email.arizona.edu

Xueli Huo works on the land DA as a postdoc for 2.5 years. Their
team uses the ensemble DA method to assimilate leaf area index
and above ground biomass to constrain the carbon cycle in the
Community Land Model. Currently, Huo is looking for jobs in the
land DA community.

Elchin Jafarov is developing DA to improve predictions of the
permafrost carbon ﬂuxes in the Arctic.

Elchin Jafarov
Woodwell Climate Research Center
ejafarov@woodwellclimate.org

Jen Johnson is a scientist at the Department of Global Ecology at
the Carnegie Institution for Science. Her current research focuses
on developing integrated instrumentation for experimental studies
of photosynthesis in higher plants, and an improved model of
photosynthesis that couples radiative ﬂuxes, including
solar-induced chlorophyll ﬂuorescence, to trace gas ﬂuxes. The aim
is to create a more accurate, eﬃcient, and robust framework for
assimilating photosynthesis-related observables and interpreting
carbon cycle states and ﬂuxes.
Jen Johnson
Carnegie Institution for Science
jjohnson@carnegiescience.edu
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Sanghee Jun
Korea Institute of Atmospheric
Prediction Systems (KIAPS)
appjsh@gmail.com

Sanghee Jun works on Ensemble DA.

Jalisha Theanutti Kallingal
Lund University
jalisha.theanutti@nateko.lu.se

Jalisha Theanutti Kallingal is trying to understand the spatial and
temporal changes in wetlands and their impacts on methane
dynamics using the LPJ-GUESS model. They use the advanced
adaptive Markov Chain Monte Carlo (MCMC) method to optimize
some tunable parameters in the model with the help of actual
observations from selected boreal wetlands.

Rajsekhar Kandala is a PhD research scholar at Indian Institute of
Science, Bangalore. Their topic of research is multivariate data
assimilation (surface observations such as SSM/LST) on the
estimation of soil hydraulic parameters and ultimately root zone
soil moisture.

Rajsekhar Kandala
Indian Institute of Science,
Bangalore (INDIA)
rajsekhark@iisc.ac.in

Yeonjoo Kim
Yonsei University
yeonjoo.kim@yonsei.ac.kr

Yeonjoo Kim is an associate professor in Department of Civil and
Environmental Engineering, Yonsei University, Seoul, South Korea.
Kim is leading a research group, Hydrology and EcoClimate Lab
(HECL), focusing on understanding the interactions between
hydrological processes and other physical, biological and societal
processes within the earth system with mainly using the land
surface models and ecosystem models. Their research group
therefore works on a couple of land data assimilation studies with
the remotely sensed LAI, soil moisture, snow and so on over East
Asia.
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Jana Kolassa
NASA GSFC
jana.kolassa@nasa.gov

Franck Koman
University of Avignon
koman.pfranck@gmail.com

Jana Kolassa is co-organizing this workshop and a researcher and
scientific land model developer at the Global Modeling and
Assimilation Office (GMAO) at the NASA Goddard Space Flight
Center. She obtained her PhD in Environmental Science and
Remote Sensing from the Université Pierre et Marie Curie in 2013.
Before joining the GMAO as a full-time researcher, she worked as a
postdoctoral fellow at Columbia University in New York and through
the NASA Postdoctoral Program. Her research focusses on
improving the representation on land-atmosphere interaction in
global Earth System Models through (1) improvements in process
representation and (2) data assimilation. She is currently
developing the next version of the NASA Catchment-CN model and
is leading a project that aims to investigate the potential of SMAP
soil moisture data assimilation to improve the forecast of tropical
cyclone landfall behavior in the GMAO’s operational GEOS model.

Franck Koman is using DA in analysing the constraints to the
adoption of agricultural technologies in the face of climate change.
In the same way, using DA to identify the factors that may constrain
of new rice-growing techniques proposed to farmers in the face of
climate change. Similarly, using DA to identify the structural and
institutional factors that inﬂuence land management.

Gerbrand Koren is an assistant professor at the Copernicus
Institute of Sustainable Development at Utrecht University in the
Netherlands. His research aims to contribute to a more accurate
quantiﬁcation and better understanding of processes in the
terrestrial carbon cycle. In particular, the sensitivity of the carbon
ﬂuxes to environmental conditions such as the response of
photosynthesis to drought conditions.
Gerbrand Koren
Utrecht University
g.b.koren@uu.nl
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Shunji Kotsuki
Chiba University
shunji.kotsuki@chiba-u.jp

Shunji Kotsuki and his team are working to explore environmental
prediction science that couples massive satellite observations and
numerical models through data assimilation. Kotsuki’s talk will
present an ensemble data assimilation method that couples
ensemble transform Kalman ﬁlter and local particle ﬁlter. While the
algorithm has been applied mainly for atmospheric models, it is
also applicable to hydrological land data assimilation. They are
looking forward to seeing everyone and developing a community of
land data assimilation.

Dr. Prashant Kumar received his Ph.D. Degree in applied
mathematics from National Institute of Technology, India. Since
2008, he is working as a scientist with the Space Applications
Centre, ISRO. He is Fellow of Royal Meteorological Society, and
recipient of NASA Team Award. He is majorly working on satellite
data assimilation in the atmospheric model.

Prashant Kumar
Space Applications Centre, ISRO,
India
kam3545@gmail.com

Sujay Kumar is a research physical scientist in the Hydrological
Sciences Lab at NASA GSFC. Kumar studies the water cycle using
models, remote sensing, and data assimilation techniques. They
also lead the NASA Land Information System (LIS) which is an
infrastructure for land surface modeling and data assimilation.

Sujay Kumar
NASA GSFC
Sujay.V.Kumar@nasa.gov
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Martin Lange
Deutscher Wetterdienst
martinlange.work@gmail.com

Martin Lange is interested in the workshop to be involved in current
developments and collaborative activities in the ﬁeld of land data
assimilation. His working area is land surface analysis for NWP in
an operational environment. Fields of interest are methods and
observations for analysis of snow, sea surface temperature and soil
moisture on global and regional scale.

Fangni Lei
University of Connecticut
fangni.lei@uconn.edu

Fangni Lei’s research interests include quantifying global/regional
surface soil moisture, evapotranspiration, and the data assimilation
of multi-source remote sensing data into land/hydrological models.

Paul A. Levine
Jet Propulsion Laboratory
paul.a.levine@jpl.nasa.gov

Paul A. Levine is a postdoctoral researcher at the Jet Propulsion
Laboratory with broad interests in ecohydrology, land-atmosphere
interactions, and ecological forecasting. In his research, Paul
assimilates multiple remotely sensed data sources into a terrestrial
ecosystem model using the CARDAMOM framework. His current
research efforts are focused on understanding hydrologic
limitations to the variability and trends of carbon uptake by tropical
land surface.

Qianyu Li
Brookhaven National Lab
qli1@bnl.gov

Qianyu Li is currently working on the assimilation of Soilgrids data
in PEcAn. Li will create a module function that can automatically
download and preprocess the source data. Then they will focus on
the assimilation of soil organic data.

Hannah Liddy
Columbia University
hl3147@columbia.edu

Hannah Liddy is the executive officer for the Analysis, Integration
and Modeling of the Earth System (AIMES) global research project
of Future Earth. She is based at the Center for Climate System
Research at Columbia University and NASA Goddard Institute of
Space Studies. She is a paleoclimatologist by training and uses
carbon and hydrogen isotopes and pollen data to reconstruct
changes in vegetation and the hydrologic cycle in the tropics.

45

Heping Liu
Washington State University
heping.liu@wsu.edu

Heping Liu studies land surface ﬂuxes using eddy covariance and
land-surface models.

Yiqi Luo is a Regents Professor at Northern Arizona University. His
lab has conducted data assimilation for nearly 20 years, used data
from Duke Free Air CO2 Experiment, Oklahoma warming
experiment, and peatland warming and CO2 experiment (SPRUCE)
in Minnesota to constrain TECO model. His group has recently
developed a PROcess-guided machine learning and DAta-driven
modeling (PRODA) approach to constrain global land models.

Yiqi Luo
Northern Arizona University
yiqi.luo@nau.edu

Shuang Ma advances global estimates of wetland methane
emissions and understands their underlying process controls by
jointly using process-based models, satellite observations of
methane emission, and eddy covariance data. They also quantify
the broader impact of wetland methane emissions on the global
carbon cycle and global carbon-climate feedback.
Shuang Ma
Jet Propulsion Laboratory,
California Institute of Technology,
Pasadena, CA, USA
shuang.ma@jpl.nasa.gov
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Natasha MacBean
Indiana University
nlmacbean@gmail.com

Natasha MacBean is an Assistant Professor at Indiana University in
the US. In the summer 2022 she will be moving to start an
Assistant Professor at Western University in Canada. Over the past
10+ years Natasha has gained strong experience and expertise in
using a wide range of in situ and satellite datasets within a data
assimilation framework to test, develop, and constrain terrestrial
biosphere model (TBM) vegetation carbon cycle processes and
parametric uncertainty. She is the Co-Chair of the AIMES (Analysis,
Integration, and Modeling of the Earth System) Project
(https://aimesproject.org) and serves on the AIMES Land DA
Working Group.

Kashif Mahmud is currently working as a Research Scientist in the
Department of Geography at Indiana University Bloomington to
understand the response of the carbon cycle and terrestrial
ecosystems to climate and environmental changes. He is using
data assimilation methods to constrain global carbon cycle sink
projections and modeled carbon-climate feedback. Mahmud is
using a wide array of observations to test, develop and constrain
terrestrial biosphere models that form the land component of earth
system models.
Kashif Mahmud
Indiana University Bloomington
kmahmud@iu.edu

Fabienne Maignan
Laboratory for Sciences of Climate
and Environment (LSCE)
fabienne.maignan@lsce.ipsl.fr

Tiago Bentes Mandú
National Institute of Space
Research
tiago.mandu@inpe.br

Fabienne Maignan is a researcher at LSCE using the ORCHIDEE
Land Surface Model, in situ and satellite observations to better
represent GPP. She wants to co-assimilate GPP proxies such as SIF
and carbonyl sulﬁde (COS).

Tiago Bentes Mandú is a PhD student who works with data
assimilation in South America focusing in electrical discharge.
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Sam Murphy
Pennsylvania State University
smm8236@psu.edu

Sam Murphy is a graduate student in the Department of
Meteorology and Atmospheric Science at Penn State University
working on the Indianapolis Flux Experiment. Their current work
aims to improve our understanding of and quantiﬁcation of carbon
dioxide ﬂuxes from the biosphere which will contribute to improving
the understanding and calculation of urban carbon dioxide
emission. To do this, they use a combination of rural carbon dioxide
ﬂux measurements and a vegetation ﬂux model. In general, Sam is
interested in learning about the overall work of the land DA
community, and is particularly interested in how DA has been
applied to study land surface carbon ﬂuxes, carbon-climate
feedbacks, and the application to agricultural forecasting.

Rodolfo Nobrega
Imperial College London
r.nobrega@imperial.ac.uk

Rodolfo Nobrega is a hydrologist/land surface modeller currently
working as a PDRA at the Imperial College London. Their work
focuses on the development of data-driven simple
vegetation/hydrological models on global scale and, therefore, data
assimilation is an important aspect to consider in their research.

Mohsin Noor
Washington State University
mohsin.noor@wsu.edu

Mohsin Noor is a PhD student at Washington State University. They
have been working on simulating land carbon ﬂuxes and their
feedbacks. Noor is interested in attending the DA workshop to
enhance their understanding of DA and use it in their own research.

Alexander Norton is a third year postdoc at JPL. His research
interest is in data assimilation and remote sensing, with a focus on
vegetation function and carbon dynamics.

Alexander Norton
JPL
alexander.j.norton@jpl.nasa.gov
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Catherine Ottle’s expertise includes land surface modelling focused
on water and energy surface ﬂuxes, as well as the inversion of multi
sensors remote sensing data in terms of geophysical variables
(soil moisture, surface temperature, LAI, land cover, etc..), and their
assimilation in LSMs. She has experienced various approaches for
DA (variational and ﬁltering technics) and is presently involved in
different projects around the assimilation of surface variables in
the ORCHIDEE LSM (soil moisture, surfaces ﬂuxes and
temperature, lakes water levels).
Catherine Ottle
LSCE-CNRS
catherine.ottle@lsce.ipsl.fr
Mao Ouyang
Chiba University
ouymao@gmail.com

Mao Ouyang is developing data assimilation in Integrated Land
System.

Philippe Peylin is working on the development of land surface
model and in particular the ORCHIDEE model. Using DA for more
than 10 years to optimise the parameters of the ORCHIDEE model.

Philippe Peylin
LSCE
peylin@lsce.ipsl.fr
Ben Poulter
NASA
benjamin.poulter@nasa.gov

Ben Poulter is interested and actively working on DA for informing
carbon cycle modeling using soil moisture and GHG products.
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Samantha Pullen works in the Coupled Data Assimilation group at
the Met Oﬃce and has particular experience in snow DA and in
Samantha Pullen
working to improve international exchange of observations of snow,
UK Met Oﬃce
through work with WMO. Her current and future interests revolve
samantha.pullen@metoﬃce.gov.uk
around planning for the "Next Generation" land surface DA system
for the Met Oﬃce, based on the Joint Effort for Data assimilation
Integration (JEDI) system.

Tristan Quaife
University of Reading, UK
t.l.quaife@reading.ac.uk

Brett Raczka
National Center for Atmospheric
Reasearch
bmraczka@ucar.edu

Tristan Quaife co-organizing this workshop and is an Associate
Professor of Carbon Cycle Science and the University of Reading,
UK, and an investigator in the UK’s National Centre for Earth
Observation. His research focuses on the interface between
models and observations, especially those from satellites, and a
central theme to his work has been using Data Assimilation to
integrate EO and field data with models of the land surface, often
using complex, non-linear observation operators. His DA work has
covered Ensemble Kalman Filters, Particle Filters and 4DVAR.
Most recently his group has been working on hybrid data
assimilation techniques (in particular the iterative ensemble Kalman
smoother) to assimilate EO data into the JULES land surface
model. This has resulted in an operational soil moisture product for
Africa that integrates NASA SMAP data with JULES.

Brett Raczka performs land-based ensemble Kalman filter
assimilations using the Data Assimilation Research Testbed. He
strives to improve carbon, water and energy cycling for earth
system simulations by including novel remotely sensed observation
data sets into earth system models.
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Azbina Rahman
George Mason University
arahma19@gmu.edu

Ann Raiho
NASA GSFC and University of
Maryland
ann.raiho@gmail.com

Dr. Azbina Rahman is a postdoctoral fellow at the Civil,
Environmental, and Infrastructure Engineering (CEIE) department at
George Mason University. Her research interests are land data
assimilation systems, land surface modeling, and dynamic
vegetation modeling. She is working as a research assistant in a
project titled "Integrating remotely sensed phenology observations
in a multi-model land data assimilation system" funded by NASA.
She is joining University of Maryland College Park as a postdoctoral
associate in June.

Ann Raiho is a postdoc at NASA GSFC working with Ben Poulter,
Alexey Shiklomanov, and Shawn Serbin interested in quantifying
uncertainty for better ecological understanding. She is currently
working on the Surface Biology and Geology designated observable
mission trade studies for optimization of science value. This work
involves modeling hyperspectral data retrieval uncertainties and
their effects on land models.

Nina Raoult is a post-doc Researcher at LSCE with a Master’s
degree in Mathematics and a PhD in Land Surface Modelling and
Data Assimilation. She is currently working on constraining the
hydrology and carbon cycles within the ORCHIDEE model using soil
moisture and land-surface temperature satellite measurements as
part of an ESA CCI fellowship. Nina is also involved in developing
the adjoint code of the ORCHIDEE model.

Nina Raoult
LSCE, France
nina.raoult@lsce.ipsl.fr
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Rolf Reichle
NASA GSFC
rolf.reichle@nasa.gov

Dr. Rolf Reichle's research interests are primarily in data
assimilation of satellite land surface observations, satellite remote
sensing of the land surface, the global terrestrial water, energy, and
carbon cycles, large-scale land-atmosphere interactions, and
applications to numerical weather prediction, short-term climate
forecasting, and retrospective climate analysis. Dr. Reichle
received the M.S. degree (”Diplom”) in Physics from the University
of Heidelberg, Germany, in 1996 and the Ph.D. degree in
Environmental Engineering from the Massachusetts Institute of
Technology in 2000.

Nemesio Rodriguez-Fernandez Nemesio Rodriguez-Fernandez interested in the assimilation of
CESBIO, CNRS
satellite data into Land Surface models. Their research concerns
nemesio.rodriguez@cesbio.cnes.fr the use of machine learning approaches to develop alternative
observation operators.
Brendan Rogers uses a combination of ﬁeld observations coupled
Brendan Rogers
with machine learning, as well as process models, to understand
Woodwell Climate Research Centre
and project the responses and feedbacks of high latitude
brogers@woodwellclimate.org
ecosystems to climate change.
Christoph Rudiger
Bureau of Meteorology
christoph.rudiger@bom.gov.au

Christoph Rudiger is the team leader of the new hydrological
modelling team at the Australian Bureau of Meteorology. Their
efforts span across model paremeterisation, validation and
verification, as well as increasing land EO DA into our modelling
suites.

Samuel Scherrer is a PhD student working on the assimilation of
Samuel Scherrer
TU Wien
microwave vegetation optical depth into the Noah-MP land surface
samuel.scherrer@geo.tuwien.ac.at model.

Jungho Seo
Yonsei University
krsmsuh@yonsei.ac.kr
Xu Shan
TU Delft
x.shan-2@tudelft.nl

Jungho Seo is a Ph.D student interested in Land Snow Data
assimilation.

Xu Shan studies land surface data assimilation for constraining
vegetation water and carbon processes.
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Daiya Shiojiri is a postdoctoral researcher at Center for
Environmental Remote Sensing (CEReS), Chiba University,. He
received his B.S. (2016), M.S.(2018) and Ph. D. (2021) degrees in
civil engineering from Kyoto University. His work focuses on land
surface modeling and sparse sensor optimization.
Daiya Shiojiri
Center for Environmental Remote
Sensing, Chiba University
shiojiri.daiya@chiba-u.jp
Ashkan Shokri
Bureau of Meteorology
ashkan.shokri@bom.gov.au

Ashkan Shokri is a senior research hydrologist at Australian Bureau
of Meteorology. They are mainly working on LSM including AWRA-L
and JULES models. One of Shokri’s responsibilities is to assimilate
satellite observations (including GRACE) to these models. Their
PhD topic was also on DA of GRACE into AWRA-L.

Peter Steinle
Australian Bureau of Meteorology
peter.steinle@bom.gov.au

Peter Steinle is the Data Assimilation Principal Research scientists
for Australia's operational environmental prediction agency. His
main focus has been on Numerical Weather Prediction but this has
also included reanalysis projects such as BARRA.

Travova Svetlana
Hydrometcenter of Russia
makhnorylova@gmail.com

Travova Svetlana currently works at the development group of
assimilation module for the global atmosphere model SL-AV. They
do research in data assimilation of soil variables for multilayer soil
model INM RAS-MSU. Their current project is dedicated to usage of
the simpliﬁed extended Kalman Filter for assimilation of soil
moisture.
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Aida Taghavi
Technical University of
Braunschweig
a.taghavi@tu-braunschweig.de

Aida Taghavi is currently doing her PhD in “Geo-ecosystems in
transition on the Tibetan Plateau” (Transtip) project at the
Technical University of Braunschweig. The Ph.D. project is focusing
on “Assessment of soil moisture using multi-frequency remote
sensing approach in Tibetan Plateau.” Aida is very interested in
attending this workshop and believes it will give great value to her
PhD and future career.

Feng Tao is a PhD student from Tsinghua University. Their research
focuses on understanding dynamics of the global soil carbon cycle
and its underlying mechanisms using ecological modeling, data
assimilation and machine learning techniques.

Feng Tao
Tsinghua University
taof18@mails.tsinghua.edu.cn
Toni Viskari
Finnish Meteorological Institute
toni.viskari@fmi.ﬁ

Toni Viskari’s background is in modeling implementation of
statistical methods in geosciences, with the main focus having
been with data assimilation methods. Currently working with soil
organic carbon modeling and how to improve those projections.
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Huiqi Wang
UC Berkeley
whq225@berkeley.edu

Huiqi Wang’s research focus is on the subsurface water dynamics
and how it impacts the aboveground vegetation activity under
climate change. The soil moisture data they used is SMAP Level 4
data, which is a product of data assimilation. Wang is also
interested in the potential of new data assimilation method to
improve the current dataset.

Emily Waring
USDA ARS
emilyrosewaring@gmail.com

Emily Waring is a post-doc with USDA ARS in Parlier, CA. She is
evaluating estimates of evapotranspiration from remote sensing of
alfalfa and citrus in the San Joaquin Valley.

Peter Weston
ECMWF
peter.weston@ecmwf.int

Peter Weston works in the coupled assimilation team at ECMWF
with a focus on land data assimilation. In recent years he has
worked on the monitoring and assimilation of SMOS and SMAP
observations. In particular, enhancing the quality control
procedures including more effective screening for radio frequency
interference (RFI), developing a bias correction and investigating
machine learning techniques.

Jon Widen
Washington State University
jon.widen@wsu.edu

Jon Widen is currently a PhD student in applied mathematics,
working on compartment modelling with an eye towards the soil
carbon cycle.

Fan Wu
Pennsylvania State University
ffw5051@psu.edu

Fan Wu learned about DA in a class recently. They want to hear
about how DA is applied in real world problems.

Genghong Wu
University of Illinois at
Urbana-Champaign
wugh16@gmail.com
Danyang Yu
University of Twente
d.yu@utwente.nl

Genghong Wu is a ﬁnal year PhD student mainly focusing on
ground-based SIF and EC GPP and wants to know more about ﬁeld
and satellite measurements DA for land models of carbon cycle.

Danyang Yu examines crop model data assimilation.
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Yijian Zeng
University of Twente
yijianzeng@gmail.com
Alex Zhang
Pennsylvania State University
alex.zhang@psu.edu

Dr. Yijian Zeng is Assistant Professor at the Faculty of
Geo-Information Science and Earth Observation (ITC), the
Department of Water Resources (WRS) of the University of Twente
in Enschede, the Netherlands. He serves as a panel member for
GLASS (Global Land/Atmosphere System Study Panel) of GEWEX
(The Global Energy and Water Exchanges) Project, an Executive
Board Member of ISMC (International Soil Modeling Consortium).
He is currently the co-lead of GEWEX-SoilWat Initiative, a joint
project between the GEWEX and ISMC, which brings together two
research communities to improve the representation of soil and
subsurface processes in climate models, identifying the most
pressing challenges and topics related to this effort, via deploying a
combination of Earth observations (in situ and remote sensing),
process modelling, and data assimilation.
Alex Zhang has been working on modeling the transport of trace
gases. They are a user of land-surface model and meso-scale
weather models. Alex is interested in land surface data
assimilation.

Dongchen Zhang
Boston University
zhangdc@bu.edu

Dongchen Zhang is currently working on state data assimilation to
estimate the different carbon pool over CONUS NEON site. Zhang is
really interested to participate this DA workshop and would like to
learn some novel approaches that could help them improve their
understanding of DA in ecology and learn technical skills from
other people!

Qianyu Zhang
Washington State University
qyzhang@wsu.edu

Qianyu Zhang is a second year Phd student in atmospheric science.
Zhang’s research interests are energy budget and carbon cycle over
land surface. DA is very important in their research to ensure
accurate data acquired from the ﬁeld.

Hong Zhao
University of Twente
h.zhao@utwente.nl

Hong Zhao hopes to enhance the understanding of how best to use
the satellite observations for improving the representation of soil
physical properties and land surface states and ﬂuxes with land
surface models in a physically consistent manner. It is necessary to
include a microwave radiative transfer model (RTM) that acts as
the measurement operator in the data assimilation system for
investigations. The proposed Community Land Active Passive
Microwave Radiative Transfer Modeling Platform (CLAP) is
expected to provide a signiﬁcant advance to utilize available and
future satellite microwave passive T_B and active σ^0 products in
the data assimilation system, coupled with land surface model for
soil and vegetation system monitoring.
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Yu Zhou
Northern Arizona University
zhouy.work@gmail.com

Yu Zhou is a postdoc at NAU, working on carbon cycle modeling
and data assimilation. They are interested in learning new methods
and data streams that can improve carbon estimates through DA.
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New Directions in Land Data Assimilation
June 13-15, 2021 ⋅ 10:00-13:00 EDT / 16:00 - 19:00 CEST
Virtual Workshop: Zoom Guidance
If you are new to using the Zoom video conferencing platform, we put together a short (non-exhaustive)
guide to the main features that we will be using during this workshop:
To join the meeting each day:
To join the meeting, click the join link that we provide each day either by email or found here in the
agenda. You can also click Join in your Zoom client and enter the meeting ID (983 0868 5691) and
passcode (829062).
To use the chat box:
Navigate to the menu bar by hovering over the bottom of your Zoom screen. Once the menu bar is visible,
click on the chat box highlighted below in red to access the chat box in your window.

To join a breakout room:
The host will broadcast a message to open the breakout rooms. This message will open a breakout room
dialog box on your screen. You can then click ‘Join’ to enter the breakout room of your choice, as
highlighted in the following image:
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Alternatively, click on the breakout room icon visible at the bottom of the Zoom control bar:

If you do not see the icon, click on ‘More’ icon to see additional options. Clicking on the breakout room
icon will bring up a panel of available breakout rooms shown below. Point your mouse to the right room
and click “Join”.
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If you wish to move to another breakout room before the discussion session is over, follow the instructions
above to join a different room. If you wish to return to the main Zoom room, navigate to the lower-right
corner of your Zoom tools where you should see a button labeled “Leave Room”. This button will give you
the option to either leave the breakout room and return to the main Zoom room to join another room, or to
leave the meeting altogether.

One member of the planning committee will be in the main room during all breakouts if additional
questions come up during the meeting.
To set your Zoom screen background:
1) Check the system requirements for setting a virtual background in Zoom.
2) To enable virtual backgrounds if you have a Zoom account,
a) Sign in to the Zoom web portal.
b) In the navigation menu, click Settings.
c) In the Meeting tab, navigate to the Virtual Background option (under the In Meeting
(Advanced) section) and verify that the setting is enabled:

3) To set your background ahead of time:
a) Under the Virtual Background option, click ‘Manage 5 virtual backgrounds’
b) Drag and drop files or upload your file at the prompt.
2) To set your background after joining the meeting:
a) At the bottom of the Zoom window, click the up arrow next to Stop Video.
b) Select Choose Virtual Background...:
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c) In the Virtual Background tab, select or upload your own image by clicking the + icon.
For additional references, the Zoom video tutorials found here are very helpful. Please also reach out with
any concerns or questions to aimes@futureearth.org.
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