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Stomatal Resistance

Plant Functional Type Distinctions
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Plant Functional Type Distinctions

[Fisher and Koven, 2020]
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Modelling terrestrial ecosyste

In situ
Parameter inversion
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[Thum et al., 2017; Kuppel et al., 2015;
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Challenges in generalizing parameterizations
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Testing PFT-based solutions
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Testing PFT-based solutions
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Towards continuous parameterizations
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Learning inverted parameters
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Learning inverted parameters
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Learning parameter models end-to-end

 Learng
6 = g(X;, PFT,...)
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[Bao et al., JAMES, 2024; Alonso et al., in prep.]



Learning inverted parameters
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Learning inverted parameters
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Comparing experiments
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Comparing experiments

Baseline (site inversion)
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Constraints and relevant features
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From classes to continuous (natural?) patterns
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Mortalitys

[Alonso et al., in prep.]
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Gross Primary Productivity

Evapotranspiration
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[Bao et al., JAMES, 2024; Alonso et al., in prep.]
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Terrestrial ecosystem model

Prognostic C/H20 cycle model: light use
efficiency model, incl. physiological
coupling between C/H20 fluxes; root
) e water uptake conditioned on below
- ground plant carbon stocks; C allocation
e - ased on the co-limiting resources
availability; decomposition dependent
on temperature and moisture dynamics.

n iogeochemistry

Constraints: GPP, NEE, Reco,
. . evapotranspiration, transpiration, above
[Koirala et al., in prep.] ground biomass, phenology (NDVI)
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Experiment

In situ Hybrid modelling approach
Parameter inversion Learning a model
y=M(®6,u) y=M(0,u)
0 = arg ming XZ 6 = NN()_() w, b)
x2: multiple constrain X :features including
cost/loss ) bio/climate, soils, PFT
b) PFT

Optimizer: CMAES x%: multiple constrain cost/loss
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esults: in-situ & hybrid
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Results: in-situ &

hybrid
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Results: in-situ & hybri
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Upscaled parameters




Early findings

« PFTstill a determining factor of parameter variability
— Plant form/structure

« Global parameter variations do not follow PTF patterns

 Individual feature relevance contingent on approach
— Sensitivity dependent on ensemble member
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[Son et a., JAMES, 2024]

LEARNING MODEL STRUCTURES




Fire impacts on Earth system & modelling challenge

precipitation, Temperature, Wind Speeq
ATMOSPHERE
— o
FIRE \MPA(;T oy re?mry
E\lapouansp\rauon
Abedo

\egetetion composition

[Lasslop et al., 2019]
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ML/DL applications in fire science

Burned area prediction

Global [Zhang et al., 2022]
Canada [Cheng et al., 2008]
Australia [Bergado et al., 2021]
Portugal [Li et al., 2021]

Fire occurrence prediction

Fire incidence [Dutta et al., 2013]
Lightning ignition [Coughlan et al., 2021]
Fire susceptibility [Zhang et al., 2021]

Fire spread prediction
« Front spread [Hodges et al., 2019]
« Spread dynamics [Subramanian et al., 2018]

Fire weather prediction
« Extreme condition [Langerquist et al, 2017]
« FWI[Sonetal., 2022]

Fuel availability prediction

« Fuel load [D'ESTE et al., 2021]
[Jain et al., 2020]
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Process Abstraction

PFTs
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opagmphy (Amatall et 2018)
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ASTM)  fuet (above ground plans lier)
Traction o€ 9 plast functional types (FFT3)

- tree broadicaf evergrem / deosicunus ISBACHE

[Son et al., JAMES, 2024]



Climate*

Input bl
Fuel
e
characteristics”
Fuel — —
characteristics” PFT information”
= Fuel = Blantmenaits
characteristics” Fuel
Topography * Firespread consumption®
Lightning® calculation” Hazard function*
 Ignition Spread Effects
Fire model
Carbon emissions”

Trace gas emissions*

" *
Output b feedback to coupled vegetation mddel

[Thonicke et al., 2010]
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Climate”

: g t *
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Trace gas emissions” -
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Data

Table 2. Model input dataset

[————
temperature HYDE3.2
temperature anomaly population density (Klein Goldewijk et al.,
: : T 2017)
specific/relative humidity ERAS
: ; ; idi . gross domestic product (GDP)
Weather driven || specific/relative humidity anomaly (Hersbach et al., 2020) Anthropogenic (Kummu et al., 2018)
fire danger wind speed effect human development index (HDI)
(W-LSTM) _ (A-NN) GRIP4
itati .
precipitation — total road density (Meier et al., 2018)
. : : LUH2
lightning climatology (Cecil et al., 2014) land use (14) states (Hurtt et al., 2020)
volume of water in soil 4 layers
Ivl: 0-7cm, Iv2: 7-28cm,
1v3: 28-100cm, 1v4: 100-289cm ERAS ;
: P target : GFED4 (fraction of BA)
volume of water anomaly (4 levels) . .
LAl MODIS resolution : daily, 0.25x0.25
LAI anomaly (MCD15A3H) data split : 2004-10 (train), 2011-15 (test)

Topography
Land properties [ * elevation, slope, roughness
(L-LSTM) fuel (above ground plant litter)

fraction of 9 plant functional types (PFTs)
- snow
- tree broadleaf evergreen / deciduous JSBACH4
- tree needleleaf evergreen / deciduous
- shrub evergreen / broadleaf deciduous
- grass
- bare land

(Amatulli et al., 2018)
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Modelling

Land surface scheme of ICON
 JSBACH4

W-LSTM
I % (weathei' danger)

DL-fire model
« Son etal 2024

fraction of
burnt area

tom

nstraints
- fire prone area fraction
- dry fuel availability

A-NN
I = (anthropogenic




DL-fire model evaluation (offline inference)

(a) DL (2011-15) (b) GFED4 (2011-15)
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DL-fire model evaluation (online inference)

(a) JSB4 DL- flre (2011 15) (b) GFED4 (2011-15)
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Peak fire season
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Spatial variability
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UNDER THE HOOD
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Internal bias limitations in JSBACH-DL-Fire
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Internal bias limitations in JSBACH-DL-Fire
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[El Ghawi, 2025; in prep.] e 9
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The Hybrid Model Methodology HYBRID-JSBACH4 Framework
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Larning JSBACH parametrizations
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Integrating hybrid in JSBACH
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* Process abstraction
= Leading to uncertainty reduction

 Off-line training + online inference
= Error inflation
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[Reimers et al., in prep.]
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sensitivities to drivers
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OVERALL...
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Overall

« ML support for
= improved parameterizations (c.f. history matching / SBI)
= process abstraction / representation

« Expandsinformation content from observations to models
= improved fits / reduction of uncertainties
= off-line learning online inference = differentiability

« Generates “new” features / patterns
= explainability ambiquities
= 7 hypothesis = 7 learning (for us...)
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HYPOTHESIS-DRIVEN / DATA-DRIVEN SCIENCE




Model Obs. Data
Predicted Theory ML
Patterns Hypothesis Model

Obs.-based
Patterns

[adapted from Reichstein et al., 2019]
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