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The interaction between modeller and field ecologist is the key in EMERALD

GMERALD workflow ]

I v
Observations » _|LSM improvements |-f— _|NorESM application |_ | - NorESM operation:
(WP2) i “[(WP1) " (WP3) INES

v . i

Qutreach and dissemination (WP4) y

+% Scientific objectives:
> Improve representation of high latitude ecosystems and their climate interactions in CLM-FATES by
integrating data and knowledge from empirical ecosystem research in model parameterisation,
development and testing.
«% Approach:
> Integrate and expand on existing national or international observation system to facilitates better use of

relevant data and observations and implementation of key processes in CLM-FATES.
> Joint field work and experiments
>

Coordinated modelling efforts
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Timescale
Spatial scale

Focus

Single-Point &
Regional
CLM-FATES
simulations for
nordic sites

1 hr - 1000 yrs
10 km -100 km

Long-term equilibrium;
Plant functional types
Ecosystem state, trend and
processes etc.

L§o
Ecosystem modelling vs. Field observation @

RALD

0 - 10 yrs, non-continuous
mm to 100 m

Transient dynamics;

Species and community responses
Species interactions, life-history,
physiology etc.
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Low accessibility of CLM-FATES modelling: Steep learning curve for beginner
Can a CLM-FATES
platform also help
analyzing and
document the
model output?

Can a CLM-FATES
platform take care
of this part?

Repeated, frustrating and time consuming part

Intimidating for beginners Most creative and exciting part

Reasons for the long

' Run scientifically
- Model
learning curve ' meaningful devalasmehts
-- CLM-FATES is developing Start to learn modelling simulations
fast

-- FATES has complex . . ‘ — .-.

association with the host

model (e.g., CLM) . First Analyzing
-- Tailored inputdata successful model results
needed for specific sites model test

and region simulation
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Rationale for CLM-FATES platform

Can we implement these new
functionalities, is the model better? p | ad tfo 'Mm
o A5 Can we add or test these ,
é\\\‘ (’)e\ xS f/)@ C‘//,} processes/hypothesis in the model?
<% O 6@“ %, 4o e .
«© OQ Q Q
s %"'eif
Avoid porting issue, Run the model by
responsive Meta themselves, GUI
data
Modellers Ecologists
Can we add some measurements F e I d Carry out observations to

understand phenomena

from modelling perspective?

observation

MEETING POINT
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Field sites included in the FATES modelling platform so far
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Steps for building the FATES modelling platform

Observations Observations
Approaches

- Observations are used to - Scripts are created to

. improve the model input data o ) streamline model output
Clear version control and Ready setup for et A A Initial files are analysis and comparison with
updates of both CTSM and operational - Different meteorological created for each site observation

FATES at the same time deployment forcings are provided. - Meta data are created to
- Meta data are created to facilitate model-observation

facilitate model-observation comparison
integration

Github is employed GALAXY is employed GALAXY can be employed in the future (?) GALAXY is employed
Step 1 Step 2 Step 3 Step 4 Step 5
Updates version of CTSM and Com||3|Ie s rgfn Prepare input data Spin-up for modelled Run and analyze
FATES MR E] E S for modelled sites sites model output
(virtual) machine

Challenges *

Surface data
CTSM and FATES develop Compile model on Accurate information about Long spin-up is needed to Visualization of model

independently, Keep up with computer is challenging for surface conditions at modelled create initial data file for output and comparison
each other is challenging beginner with little sites are not available by default each of the modelled sites. with observations is not

knowledge on Parameter file . straightforward.
Parameters for plant functional

types at modelled sites are not
available by default
Meteorological forcing data
Accurate meteorological data at
modelled sites are not available

by default

programming
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Step 1: CLM-FATES platform on Github

« Available on Github:
https://github.com/NordicESMhub/ctsm/tree/fates

emerald_api

% “‘README_fates _emerald_api” for running
existing site simulation (including all the
informations and links)

% “‘README_fates_emerald_api_expert_only” for
setting new site simulation

Developed based on:
CLM5.0: release-clm5.0.32
FATES: sci.1.34.0_api.9.0.0
CIME: cime5.6.33

Basic setup for runing CLM-FATES on 20 sites:

(1) Atmospheric forcing based on GSWP3v1 (0.5 degree) and
COSMOREAG (6km)

(2) Refined surface data file

(3) Default FATES parameterfile (12 pfts) and customized
parameterfile for each site

(4) Initial file from 2000 years spin-up simulation

ree/fates_emerald_api

Branch: fates_emerald_...v | New pull request

This branch is 787 commits ahead, 1917 commits behind ESCOMP:master. 1 Pull request
3L huitang-earth add --run-unsupported in creating case Latest commit ebb2432 19

i .github

i bld

B cime_config

| doc

8 manage_externals
I src

il src_cim40

M test/tools

i tools

) .config_files.xml

B .gitignore

[E) CODE_OF_CONDUCT.md
=] CONTRIBUTING.md

CTSMMasterChecklist

B Copyright

B) LICENSE
) README
) README rst

[E] README_EXTERNALS.rst

Add a note about what's expected for the bug summary
modification to add DATM%1PTGSWP3 and site specific grid (e.g., 1x1_A..

modification to add DATM%1PTGSWP3 and site specific grid (e.g.. 1x1_A.

efa371be6e3993dda50cd60eeccb0aal35a6d3" into rel2300ext

Merge branch 'fates_next_api" into fates_emerald_api

Update module init version, and remove version specific information f..
modification to add DATM%1PTGSWP3 and site specific grid (g 1x1_A...

Add .config

es.xml to override COMP_ROOT_DIR_LND

Add a abort subroutine for unit testing, and add a test that uses it...
Update CODE_OF_CONDUCT.md

Reword a grammatically-incorrect sentence

Rename file; make it not hidden

Documentation updates

Update Ext

update manage externals config file to pull correect fates tag
Update copyright date in license file

Start adding notes about the contrib directory and

More README updates. Add SCTSMROOT to most files and mention the

Changes to address billsacks and dlawrenncar comments

Compare

[E) README _fates_emerald_ap

README _fates_emerald_api_expert...

add --run-unsupported in creat

modification to add DATM%1PTGS! site specific grid (e.g., 1x1_A...

) parse_cime.cs.status

Move pending list for summary to the end just before fails as some te.
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Step 3: Prepare inputdata for modelling sites

Atmospheric forcing e Tailored model experimental design to be in line

— Using high resolution reanalysis (e.g., ERA5-land with field experiments and research questions.
9km, COSMO-REA 6km, MEPS 2km) and bias

_ ) _ — Include perturbations to mimic climate
corrected using on-site observations

manipulation experiments at the sites

e Surface data file — Prescribe PFT distributions using FATES
— Use observed values as much as possible. Only use reduced complexity modes (e.g., transplant
the default values when observation is not a novel functional group in a site)
available.

PFT parameter file
— Refine functional groups of interests at each sites
(e.g., forb, graminoid, shrub, mosses)
— Use measured traits as much as possible

Initial file:
— How to spin up soil carbon using FATES?
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Me_tadata of mod.el _mPUt and OUtPUt e  Modellers need the metadata to check where they could find proper observation data
variables and their linkage to observed from each sites

variables at each site are critical for e Ecologists need the meta data to understand which variables are important for

effective communication! modelling purpose and are worth measuring.

FATES parameters ¢ 0O ®
File Edit View Insert Format Data Tools Add-ons Help

m
4
|«
4
5
<

ol BT AR v | § % 000 NBx| Defmkv| 8 ~|B I &L H How can we better facilitate this process?

How can we involve more people in this effort?

See also working notes in google doc

—!' - . z i = What are the gaps between model and observation?
1 See also working notes in Boogle doc
2 FATES parameters taken from https://github.com/NGEET/f: /blobl/ Ip r_files/fates_p _default.cdl

fates_params_default.cdl version: tag sci.1.34.0_api.9.0.0, latest commit 22eb568

4 short name long name units description/comments
2 ) Project Infrastructure characteristics Environmental information Vegetation Fluxes Images
6 Basic control parameter [ I H
o
7 fates_pftname Description of plant type short name without space: seedclim database E
8 fates_pft_used Switch to turn on and off PFTs (also see fates_initd for cold-start) not used anymore? g %
9 fates_recruit_initd initial seedling density for a cold-start near-bare-ground s stems/m2 What unit? Density per some area, or a fixed ‘E ® > = -g § 3
el £ls 2 s
10 | fates_woody Binary woody lifeform flag seedclim database " g g " 55 § gle £ o
11 fates_wood_density mean density of woody tissue in plant g/lem3 NA but possibly from databases _ < E g:_ E g = = E E’ 2 % E -8 ; E
12 Lo G e e . R . R = i e e ID  name region Y o X 5 s 2 L1821 8& 2|23 ¢ o
. . A SIOS+WICLAP  HighArctic 19 1-14 C,T T,P,W S 3 Cle
13 .
—~ FATES_input_output_variables ¢ (&) B InterAct HighArctic 1 c TPRW S s s clclc
File Edit View Insert Format Data Tools Add-ons Help Lasteditwas on June 25 C_[satPerm+ HighArctic 1 2 c TPW s MNS S s c
D CryoMET High, LowArctic 2 6 C T,PW S M,N, S S
- —_ E  Feedback LowArctic 1 3 CT TPw S M, N, S S|S|S A A A
~ % v % .0 .00 - i v v s A . = i~ A WP _MNs
. & T 100% $ % 0 .09 123 Default (Ar 10 B I s A e H =T = F PermaNor LowArctic 4 3 c TPW S s|s
: . : : Wi i Arcti )T, , P,
More documentation on surface data can be found here: https://escomp.github.io/ctsm-docs/versions/release-clm5.0/html/tech_note/Ecosystem/C G WinterGrazing _ Low Arctic 32 1 c16 TR W - MRS £ A G
H LATICE Alpine 1 2 C TP,W S M,N, S A A A A A
A B Cc D E F G H I SeedClim+ Boreal, Alpine 12 10 C,T,P,F,D T,Pw s M,N, S A A S A C A S|s
1 More documentation on surface data can be found here: hitps://escomp.github.io/ctsm-docs/versions/release-clms.0/htmlftech_note/Ecosystem/CLME J_|ICOSNorway _ |BorealContinental : 2 £ LRW S | MNS Ll [ clclcllols
— K LandPress+ BorealOceanic 5 2-24 C,TP,F T,Pw s M,N, S A A S C|A Slis
2 Only the most relevant variables to our research are listed here. The meaning of each variables can be found in comments L NFI Norway 200.000 28 c tp,w s A a
3 Please suggest better values for each variables using comments. M TerraBGP+ Fennoscandia gridded 4-9 C t,p,w s A a
4 SOIL_COLOR PCT_SAND (%) PCT_CLAY (%) ORGANIC (kg/m3 (as FMAX PCT_NATVEG (%
5 ALP1 12 72 14 96.91 0.36 91.!
6 7 14 64.52
7 71 14 40.52

8 71 14 25.33
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Data management issues of CLM-FATES model platform

Main questions:

How different dataset should be kept to be better accessed?

How existing tools could be employed to facilitate the data flow and data management?
What new tools should be developed to facilitate the data flow and management?

How to keep track of updates of different datasets?

How to create good meta data for model and observation data?

o ) Post-processed results &
Existing global dataset for generating - Model input data for each site Model output data for each site New tools or comparison with observations
model inputdata at each site EXIStIng tools Data format: netcdf Data format: netcdf U le Rl  Data format: netcdf/txt/JPEG/PDF etc
Data format: netcdf > Place: ? Place: ? Place: ?
Ple?ce: Public _repository (NCAR) Privacy: Public Privacy: depend on users Privacy: depend on users
Privacy: Public Data size: medium 100-1 T Data size: medium 100-1 T Data size: small 1-10 G
Data size: Large 1-100 TB Data status: Updating frequently Data status: static Data status: static
Data status: Updating frequently Metadata: will be created Metadata: will be created Metadata: will be created
Metadata: Not available

New tools or
existing tools Feedback to
observation

New tools

Feedback to Site observation data
observation Data format: txt, xIsx
Place: ?
Privacy: depend on data owners
Data size: small 1-10 G
Data status: Updating frequently
Metadata: available
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The FATES modelling platform on GALAXY

S
<3

GALAXY

(https://live.usegalaxy.eu/?tool_id=interactive tool_climate notebook)

Galaxy is an open source, web-based platform for data intensive biomedical
research. JupyterLab for climate research has been developed also on

& PANG=O

+ The CLM-FATES modelling platform has been implemented and tested on
GALAXY, but still need some time to optimize the workflow and tutorials.

Clear version control and
updates of both CTSM and
FATES at the same time

Github is employed
Step 1

Updates version of CTSM and
FATES

Challenges

CTSM and FATES develop
independently, Keep up with
each other is challenging

Obsgrvations

Ready setup for
operational
deployment

GALAXY is employed
Step 2

Compile and run

model on specific

(virtual) machine

Compile model on
computer is challenging for
beginner with little
knowledge on
programming

- Observations are used to
improve the model input data
for each site

- Different meteorological
forcings are provided.

- Meta data are created to
facilitate model-observation
integration

Initial files are
created for each site

GALAXY can be employed in the future (?)

Step 3

Prepare input data
for modelled sites

Surface data

Accurate information about
surface conditions at modelled
sites are not available by default
Parameter file

Parameters for plant functional
types at modelled sites are not
available by default
Meteorological forcing data
Accurate meteorological data at
modelled sites are not available
by default

Step 4

Spin-up for modelled
sites

Long spin-up is needed tg
create initial data file for

each of the modelled sitep.

Observations

- Scripts are created to
streamline model output
analysis and comparison with
observation

- Meta data are created to
facilitate model-observation
comparison

jupyter
Jupyter lab for ocean /
atmosphere / land /
climate python
ecosystem

GALAXY is employed
Step 5
Run and analyze
model output

Visualization of model
output and comparison
with observations is not
straightforward.
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How CLM-FATES model platform is integrated in Galaxy

G'tH“b CLM-FATES model developer

CLM-FATES

users or. Galaxv CLM-FATES

ToolShed
Galaxy tools

CLM-FATES
packaging

BIO CONDA

CLM-FATES
containers

docker

Step 1: Before being able to use
CLM-FATES in Galaxy, we packaged a
given CLM-FATES release using bioconda

Step 2: Automatically generate the
corresponding containers (currently

singularity and docker) and make them
available on Biocontainers registry.

Step 3: The final Galaxy tool is then .
available in the Galaxy tool shed under
“Climate Analysis” category .
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Workflow for the FATES modelling platform on GALAXY

time

Biomass of canopy plants (gC m-

Use - Jupyter Notebook on GALAXY Use - GUI on GALAXY

CTSMIFATES-EMERALD ¥ Favorite ~ Options

Functionally Assembled Terrestrial
St 1: Start Gal int ti cli t Ecosystem Simulator (Galaxy Version 1.0.1)
ep 1. art Galaxy interactive Climate
JupyterLab Y Gal / Li Step 1: Search and start inputdata for running FATES EMERALD
alax ve CTSM/FATES-EMERALD tool on

Step 2: Load FATES model from github and © PANGE https://climate.usegalaxy.eu/
load pre-build model input data N

B & DO No tar dataset available

Name of your CESM case

Step 2: Select the name of the usecase

Step 3: Use cesm conda environment to usecase, inputdata, and modelled  [HSEREE—_G—_GS
setup, compile, build and execute CLM-FATES sites 1AL
Wlth Galaxy Jupy.terl-ab SCrlpt St_e&Advanced CUStomization Customize the model run period
(fates_newcase.ipynb).

Step 4: Run the model Advanced customization
Step 4: Visualizing results using Galaxy Jupyter
JupyterLab Python notebooks and compare Step 5: Visualizing the results and

with observations compare with observations

TUTORIAL VIDEO
A short video on how to setup CLM-FATES on Galaxy is available at https://vimeo.com/439192348

Online tutorials and scripts can be found:
https://github.com/NordicESMhub/galaxy-training-material/blob/fates/topics/climate/tutorials/fates/tutorial. md
https://training.galaxyproject.org/

https://github.com/NordicESMhub/eosc-nordic-climate-demonstrator/tree/master/work/fates
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Ongoing work

e A manuscript on the model platform

- Title: Building a CLM-FATES modelling platform for bridging gaps between
modelling and ecological observations: A case study from Norwegian
Arctic-alpine terrestrial ecosystems

e |Improve the workflow/interface for integrating

observation data into model inputdata file

- Surface data file (Erin Gregory)
- FATES PFT parameter file (Eva Eriksen, Lasse Keetz)

e Sensitivity experiments with improved model
inputdata:

- Surface data (Elin Aas)
- FATES PFT parameter file (Lasse Keetz)
- Meterological forcing (Hui Tang)

® Improve online tutorials and workflows of the model
platform on GALAXY (Anne Fouilloux)

. FATES parameters +# 0O &
File Edit View Insert Format Data Tools Add-ons Help

N - 100% ~ $ % .0 .00 123~ Default (Ari.. ~ 10 ~ B I s A @ H o A
See also working notes in google doc

> B = D

m

1 See also working notes in boogle doc
2 FATES parameters taken from i T/

;_params_default.cdl

fates_params_default.cdl version: tag sci.1.34.0_api.9.0.0, latest commit 22eb568

4 short name long name units description/comments
5
Basic control pe FATES_input_output_variables ¢ &

6

7 fates_pftname [|z]
o File Edit View Insert Format Data Tools Add-ons Help Lasteditwas onJune25

8 fates_pft_used

3

fates_recruit_ini

~ ~ @ P 100% v $ % .0 .00 123v Default(ar.. v 10 ~ B I & A & H =v 4~

10 fates_woody —

11 fates_wood_del More documentation on surface data can be found here: https: github.i d i ' Im5.0/html/tech_not

12 fates_prescribe: A 5 B 5 z e W

13 fates_prescriber

T 1l More document;.ion on surface data can be found here: https://escomp.github tsm-docs/versior <lm5.0/html/tech note/E: ICLMS

2 | Only the most relevant variables to our research are listed here. The meaning of each variables can be found in comments
3 Please suggest better values for each variables using comments.
4 SOIL_COLOR PCT_SAND (%) PCT_CLAY (%) ORGANIC (kg/m3 (as FMAX PCT_NATVEG (%
5 |ALP1 12 72 14 96.91 0.36 91t
6 7 14 64.52
7 7 14 40.52
8 71 14 25.33

‘ Do you have your own data? |

Yes ¢ k‘

M Drop-down Box Example

Does your dataset Populate via
include all General Global Options
necessary fields? Dataset
Yes Colour: Random \:[
Input data Do you know Shape: He}(agon v\
in ~this somewhere you —
specific can get data EPCS N = |
format~ (regional database, PUSItIDnA nght V‘
etc)
Ves Size: Large \:l
Input data you Input data you
have, populate have, Populate —
other categories other categories CIOSB Program
via regional via general
database global dataset

From: Erin Gregory and Sonya Geange



UiO ¢ Department of Geosciences

University of Oslo u
Analyze Data Workflow Visualize ¥ Shared Data™ Help~ User¥ Zga

CLM-FATES ecosystem modeling workflow with 4 species > B E
Ongoi k e [
ngoing wor = e IR ,,S S
11 o T () 0 0 %
FCTOAFNESEVERALD N g”",.w‘ - ot L hx
* A manuscript on the model platform T J”
- Title: Building a CLM-FATES modelling platform for bridging gaps between o :: 2 = o
modelling and ecological observations: A case study from Norwegian R e
Arctic-alpine terrestrial ecosystems . PR e
e |Improve the workflow/interface for integrating .
FNaCOF caray Mendan info
observation data into model inputdata file  rre— 2 T
—  Surface data file (Erin Gregory) o TR— 3 1%
—  FATES PFT parameter file (Eva Eriksen, Lasse Keetz) ::
e Sensitivity experiments with improved model
inputdata: .
- Surface data (Elin Aas) PUbI |Sh WOrkﬂOW
- FATES PFT parameter file (Lasse Keetz)
- Meterological forcing (Hui Tang) in Galaxy

® Improve online tutorials and workflows of the model
platform on GALAXY (Anne Fouilloux)

dyWorkflow Hub

From: Anne Fouilloux
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Potential applications, collaborations,

ideas
e Eva Eriksen: Transplant experiments with CLM-FATES

e Hui Tang: Implement and test moss and lichen in
CLM-FATES (e.g., SeedClim sites, Finse sites)

e Courses and Exhibitations

e Collaborations with NCAR (NEON project, Danica
Lambodozzi)

e A specific website/database for EMERALD CLM-FATES
model platform?

Foto: NHM/Jarli & Jordan

fional Ecological Observatory Network: Open data
‘understand how our aquatic and terrestrial ecosystems are
changing.

EXPLORE OUR FIELD SITES »
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