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Science Questions:

" How does the drought response of ecosystems

Surface temperature anomaly for 01 July 2022

= Droughts and heatwaves impact ecosystem
water, energy and carbon fluxes, and jeopardize
terrestrial ecosystem carbon sequestration.

= What is the mechanism controlling the drought
response of ecosystem?

vary in space and fime<
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Data assimilation to
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Observation data

Develop a Digital
Representation of
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A Digital Twin for Soil-Plant System
based on STEMMUS-SCOPE
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1. Drought Responses: Evapotranspiration

(Wang et al. 2021, GMD)
Maize (Irrigated), Yangling Station, CI}I : Grass (Arid), Vaira Ranch, US
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1. Drought Responses: GPP

Maize (Irrigated), Yangling Station, CN
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1. Drought Response: GEWEX-PLUMBER2
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O ® Qumo
© ® ®
@® y O
o © RS
® o % o-8 o
@ (9; - ® 6 o
- 20+ year v 9
15-19 year :
< 10-14 year ¢ ®
5-9 year .
1-4 year
O}
30 - @;‘
C)
20 - @
©
® 1 Q ..
10! 1 o
Evergreen broadleaf forest (15) ™ Woody savanna (6) Grassland (37)
O o - = - — Decidous broadleaf forest (26) ™ Savanna (8) Cropland (20)
0O & 10 18 20 25 ®m Mixed forest (10) Closed shrubland (2) m Wetland (20)
B Evergreen needleleaf forest (49) ™M Open shrubland (12) Snow/Ice (1)

Data length (year)



1. Drought Response: GEWEX-PLUMBER2 - General Perfformance
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1. Drought Response: GEWEX-PLUMBER2 - General Perfformance
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~ SESSION SUMMARY

\, = Without considering soil water stress with a process-based soil water and heat
=~ fransport model, Water-Energy-Carbon Fluxes (ET, GPP, NEE, etc.) are
overestimated,;

' « STEMMUS-SCOPE enabiles the mechanistic consideration of soil water stress, and
capture the drought responses of ecosystem functioning;

= STEMMUSE-SCOPE is applied for GEWEX-PLUMBER?2 project (170 Fluxnet sites), the
general performance is reasonable without model tunning;

o For severe dry conditions, model performance is still to be improved ...
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2. SIF vs GPP and Roel of Water Potential

STEMMUS-SCOPE links satellite observables in the visible, infrared, and thermal domains to
water-energy-carbon processes above- and below-ground. (OSSEs - Observation System

Simulation Experiments)
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STEMMUS-SCOPE shows that this apparent linear “SIF vs. GPP" is
valid when there is no water stress

When the plant is water stressed, “SIF vs. GPP” appears nonlinear.

There seems a linear relationship “SIF vs. Leaf Water Potential”

(Wang, et al. 2021, GMD)



2. SIF vs GPP and Roel of Water Potential
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SESSION SUMMARY/DISCUSSION

= SIF-GPP is not necessarily linear, and is subjected to confounding factors, including
soil water stress and leaf water potential;

&\ - SIF is a robust proxy of leaf water potential, or the other way around;

Jmax = 2.68*Vcmax @20 °C

Soil Wat - Vemax= Vemaxotwst " oIF
oil Water
: WSF
Potential Leaf Water
Potential
VPD

= The interpretation of SIF requires (and will advance) the full spectrum understanding
of Soil-Water-Plant-Energy interactions, including soil-plant hydraulics.
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I Te UNIVERSITY OF TWENTE. gradientbetween the vessel and the sieve-tube, and causes the consequent loss of water at the sink.

@ In the leaf-to-root phloem translocation, xylem recycles water from sink to source, and also uptake water from soil via root hairs.



3. Plant Hydraulics

Scheme of water flow:
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3. STEMMUS-SCOPE with Plant Hydraulics
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3. STEMMUS-SCOPE with Plant Hydraulics
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V1: Default plant hydraulics parameter (Li et al., 2021a)
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(a) Water capacitance is not considered;
(b) It is very challenging to get plant hydraulic traits (Kroot, Kstem, Kleaf, etc.)
(c) It is very challenging to get leaf water potential measurements
- new technology is emerging (e.g., AQuaDust);
(d) It is relatively easy to get trunk water potential measurements.

UNIVERSITY OF TWENTE.



Impact by
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4. STEMMUS-SCOPE Coupled with Crop Growth Model

- LAl is currently an input in STEMMUS-SCOPE

Weather module
- MODIS-LAI tends to have gaps
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(Yu, et al. 2023, unpublished)



4. STEMMUS-SCOPE Coupled with Crop Growth Model
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LAl as the prognostic variable of
STEMMUS-SCOPE-WOFQOST spare the
potential interpolation bias when using

sparse observed LAl data.

This helps improve the GPP results.
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” MAIN MESSAGES:

The Solar Induced Fluorescence (SIF) as an EO observable is a central hub integrating water,
energy, and carbon processes.

{} = The interpretation of SIF requires (and will advance) the full spectrum understanding of Soil-
" Water-Plant-Energy interactions.

= Plant hydraulics expressed with water potential gradients and hydraulic conductance
across the soil-plant-atmosphere confinuum is one key step for explaining SIF dynamics.

,' = Data Assimilation + Radiative Transfer Model (in the domains of visible, infrared, thermal
- [e.g., STEMMUS-SCOPE] and even the microwave [e.g., STEMMUS-SCOPE-TorVergata]) can
help retrieve plant physiological variables/status at ecosystem scales.
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