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Pressure on water resources and dependent ecosystem
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Remote sensing to augment in-situ field observations

v’ Limited terrestrial observations of water, carbon and energy fluxes: FLUXNET
v Earth Observation can cover this gap: robust and operative models

Climate change tipping points and Fluxnet sites Biodiversity Hotspots

(Lenton et al., 2008) Ustin et al., 2022
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Hydrological cycle-> joint regulation of processes: uncertainty
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Evapotranspiration as key in land-atmosphere interactions

v' Metric of extra energy stored in the atmosphere v' Potential evapotranspiration projections?
Berg & McColl, 2021
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Remote sensing challenges

v Integrate data types and processes
v Translate electromagnetic signals into relevant variables

v Energy balance: broadband to narrowband
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Challenges to link remote sensing and plant function

Link between

Plant canopy Radiative
functional reflectance transfer
gradients and modelling

functioning

Katternborn et al., 2019.

» Reflectance mostly morphological and biochemical trait info

* VI respond to phenology and other effects

« Scaling up from tissue level traits to individual, canopy and large pixels

* Not all relevant traits have optical or thermal responses e.g. hydraulic safety
« Dynamic modeling: transient conditions

» Different set of traits can lead to same function (flux) "equifinality in nature”
Mencucini et al., 2019 GCB, Damm et al., 2019; Manzoni et al., 2014




Land Surface modeling

Biophysical "Top down” Biophysical "Bottom up” Data driven or ML
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Biophysical bottom up

Stomatal conductance constrained with SIF

Two Source Energy Balance with canopy conductance TSEB-Gc at six dryland sites
(Kustas et al., 1995; Bu et al., 2021)
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CSIF from OCO-2 + MODIS (0.05° 4day) Issues:
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Data driven or ML

Soy (C3 and more isohydric) and maize (C4 and more anisohydric) water relations with hyperspectral and
thermal

Stomatal conductance and leaf physiology

+ anisohydric
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Sobejano-Paz, V., Mikkelsen, T. N., Baum, A., Mo, X., Liu, S., Képpl, C. J., Johnson, M. S., Gulyas, L., & Garcia, M. (2020). Hyperspectral and thermal sensing of
stomatal conductance, transpiration, and photosynthesis for soybean and maize under drought. Remote Sensing, 12(19). https://doi.org/10.3390/rs12193182
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Biophysical bottom up
PERSPECTIVE naturc .
hitps://doi.org/10.1038/541561-022-00909-2 gCOSCICnCe

m Check for updates

Leaf water potential with remote sensing?

Air outside leaf: y = -70 MPa

Air inside leaf: y = -6.9 MPa

Confronting the water potential information gap

Kimberly A. Novick ®'%, Darren L. Ficklin?, Dennis Baldocchi®3, Kenneth J. Davis®,
Teamrat A. Ghezzehei®%, Alexandra G. Konings©¢, Natasha MacBean®?, Nina Raoult’,
Russell L. Scott?, Yuning Shi®, Benjamin N. Sulman©™ and Jeffrey D. Wood ®"

Trunk xylem: g =-0.6 MPa

Root xylem: y =-0.5 MPa

Soil: y =-0.3 MPa

Progress

e v Microwaves for “vegetation optical depth” as a proxy
n (Konings et al., 2018)

*¢ v SMAP L4 soil moisture improves estimates (Qiu et
JHos al., 2022)

°« v Exploring thermal, SIF, optical integrated in models
02 like STEMMUS-SCOPE (Wang et al., 2022)

voDp™iddasy _ syopmidnight o (] _ 5)8bh + Ax
+( )ﬁ * ’8 Konings et al., 2018




Energy balance of absorbed PAR: photochemistry

PAR Irradiation

APAR Absorption

Non-photosynthetic
pigments
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) Dark reactions
Calvin cycle
GPP

Jonard et al., 2020
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v Plant thermoregulation controversy
(Mitcheletz et al., 2020, Geange et al., 2020; Still et al, 2022)
v" NPQ contribution to thermal emission? Kara and Vass (2008)

v Relationships with thermal optimum and acclimation?

Homeotherms

Tair TLeaf
T, = leaf equivalence temperature point Yamori et al., 2014

Topt = Optimum temperature for photosynthesis
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Uncrewed Aerial Systems (UAS) for environmental monitoring

» High resolution (<1m)
> Flexibility/cost
» Below clouds

» Multisensor (LIDAR, altimetry,
RGB, thermal, optical...)

Corrections

Assimilation into models

Cal/Val
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Flying under intermittent clouds and turbulences

Radiometric Calibration _Spectral calibration
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Koppl C.J., R. et al.. 2021. Hyperspectral reflectance measurements from UAS under intermittent clouds: Correcting irradiance measurements for sensor tilt. Remote
Sensing of Environment 267, 112719.
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Coupling evapotranspiration and GPP: crop applications

v' Water Use Efficiency (WUE)

v' Optimum spatial resolution?

LE (W/m2)

GPP umol/(m2 s) ‘I;ootprint source contribution
g'High 52215 “*High : 0.008111 ";'High : 300
“low:0 - Low : 0.000147 low:0

Wang et al., 2019

Risg willow flux site

v Root zone soil moisture
v Point cloud RGB to estimate height

Wang et al., 2018
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Tower measurements: flux
responses; meteorological drivers,
e.g. temperature, humidity

2 sensing grids: land
face drivers, e.g. temperature,
tation indices

Metzger et al., 2018

Biochar for drought adaptation
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Dynamic modeling and temporal interpolation:
Snapshots as "ground truth” for parameter retrieval

An operational and simple SVAT model: Soil-Vegetation Energy, water and CO, traNsfer model (SVEN) to
interpolate rapidly changed land surface variables. WAy
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Wang, S., Garcia, M., Ibrom, A., & Bauer-Gottwein, P. (2020). Temporal interpolation of land surface fluxes derived from remote sensing — results with an unmanned aerial system. Hydrology and Earth System
Sciences, 24(7), 3643-3661. https://doi.org/10.5194/hess-24-3643-2020
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Ecological state of freshwater streams oo
Mixing length contaminant plumes? Rhodamine as tracer
(Legleiter et al., 2019)
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K&ppl et al. 2023. Imaging Tracer Mixing Concentration 2D in a Stream with Hyperspectral Sensing from an Unmanned Aerial System, PREPRINT available at Research
Square [https://doi.org/10.21203/rs.3.rs-2499200/v1]
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Outlook

* Focus on estimating environmental variables by merging sensors and coupling models

« Evapotranspiration is a key variable: uncertainty
« Improving in sensors: ECOSTRESS, FLEX mission, Sentinel, hyperspectral LIDAR-> drones?
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