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ABSTRACT

Tracking seasonal dynamics of evapotranspiration (ET)
across global biomes and along seasonal time periods using
remote sensing is vital for monitoring ecosystem health and
indicating early signals of drought. In this study, we assess
the potential of adding weather and illumination-independent
signals from active and passive microwave remote sensing
(SAR backscatter & vegetation optical depth, VOD) to the
established set of ET products, like from optical/thermal
remote sensing (MODIS, SEVIRI) and reanalysis (ERA-5
land, GLDAS) data.

Our study covers a four-year period (2017-2020),
including dry (2018 & 2019) and wet (2017) years. The study
was conducted over eight ICOS sites across Europe. These
sites are predominantly forested with a low biomass dynamic
over the observation period.

We find that the ET products from in situ Eddy
Covariance (EC), MODIS, and GLDAS deviate relatively
minor along the seasons (< 1 [mm/day]), but differ between
years. Here, the years (2017-2020) indicate a slightly
different ET rate between in situ measurements (EC) and
derived products (MODIS & GLDAS), which is currently
being investigated. The microwave-based indicators
(backscatter & VOD) are proxies by their nature and serve as
first-order indicators of relative dynamics allowing the
identification of seasonal patterns of ET as well as their
spatio-temporal anomalies along both dry and wet years.
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Index Terms— microwave, SAR,
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radiometry,

1. INTRODUCTION

Land-atmosphere dynamics are of crucial importance in
understanding exchanges of matter and energy in the water
and carbon cycles [1]. Hence, their uptake, consumption, and
release should be monitored for a holistic ecosystem survey.
Evapotranspiration (ET) is one of the essential variables to
inform about these dynamics [2]. Tracking ET in time and
space, meaning at seasonal to multi-year scales and for wide
areas, calls for a satellite remote sensing approach [3]. In this
study, we are tracking ET not only with classical techniques
from optical/thermal sensing, but also open a discussion, if
new observation domains, like active and passive microwave
remote sensing, are able to provide additional insights. We
also include ET estimates from several Earth system
modeling approaches (partly including data assimilation) and
in situ eddy covariance (EC) measurements for comparison
and validation purposes.

2. DATASETS

In the case of optical/thermal remote sensing, we use the
ET products from NASA’s MODIS sensor on Terra [4], from
ESA’s SEVIRI sensor on Meteosat (MSG) [5] as well as from
NASA’s ECOSTRESS sensor on the International Space
Station (ISS; [6]). For microwave remote sensing, we apply
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the backscatter product of ESA’s Copernicus Sentinel-1 C-
band SAR [7] sensor and the vegetation optical depth (VOD)
product of NASA’s SMAP L-band [8] and JAXA’s AMSR2
X-/C-band radiometer sensors [9]. In the case of Earth system
modeling, we include the ET products of NASA’s Global
Land Data Assimilation System (GLDAS) [10], of Global
Land Evaporation Amsterdam Model (GLEAM v3) [11] and
of European Centre for Medium-Range Weather Forecasts
(ECMWF) European ReAnalysis (ERA5) land [12]. The
spatial domain for comparison is 3 km x 3 km and products
are re-gridded accordingly depending on product
specifications.

Our research study comprises the period from 2017 until
2020 (4 years) including dry (2018 & 2019) and wet (2017)
years. The study covers eight ICOS sites [13] in Europe from
France, Switzerland, Belgium, Germany, the Czech
Republic, and Finland. These sites are predominantly
forested (evergreen needle-leaf, deciduous broad-leaf and
mixed forests) with a low biomass dynamic over the
observation period. In addition, a grassland and an
agricultural site are included as a control group with high
biomass dynamics over time.

3. METHODS

We test temporal dynamics, their absolute trends, and
relative anomalies over time, for tracking dry and wet periods
in Europe across the four consecutive years and all individual
sites. We evaluate the match between the remote sensing
estimates, the modeling outputs and the in situ EC
measurements. In this contribution, we particularly focus on
the potential of active and passive microwave observations
(e.g., backscatter) and products (e.g., VOD) to track ET.

Microwaves are sensitive to the structure, biomass, and
moisture of vegetation canopies. Therefore, a monitoring
setup with grown-up forests is chosen here to keep woody
biomass dynamics and structure influences low and to follow
the water dynamics in the canopy over time. We hypothesize
that they might correlate at seasonal scales with ET dynamics.
How far this correlation holds and under which conditions is
the main pillar of our current and future research efforts. Such
conditions include medium parameters (e.g., climate, biomes,
and species) and system parameters (e.g., frequency,
incidence angle, and polarization).

4. RESULTS AND DISCUSSION

Figure 1 presents an exemplary comparison of the
seasonal dynamics of the different ET products and in situ EC
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measurements with the Sentinel-1 (C-band, VH-polarized)
backscatter and the AMSR2 (C-band) VOD product. The
comparison is shown from January 2017 to December 2020
over the Wuestebach study site (Western Germany; 50.50°N,
6.33°E) of the Forschungszentrum lJiilich. This site is
characterized by a homogenous and mature evergreen needle-
leaf forest. Therefore, no significant structural and biomass
changes are expected over time. The concurrency of all
curves in terms of summer maxima and winter minima
encourages the closer investigation of all signals for tracking
seasonal ET dynamics.

The ET products from in situ EC, MODIS, and GLDAS
serve as direct measures of this land-to-atmosphere flux in
millimeters per day. Their deviation along the season is
relatively small (< 1 [mm/day]), but differs between years.
Here, the years (2018-2020) indicate a slightly different ET
rate between in situ measurements (EC) and derived products
(MODIS & GLDAS), which is currently being investigated.
First indications point toward the spatial scale mismatch
between EC tower measurement and the footprint (single
resolution cell) of the remote sensing or model domains.

The microwave-based indicators (backscatter & VOD)
are proxies by their nature and serve as first-order indicators
of relative dynamics, as found in [14]. The focus of this work
is the assessment of whether they could allow identifying
seasonal patterns of ET as well as their spatio-temporal
anomalies along differing dry and wet years. We investigate
this potential for all eight individual study sites and across
four years by intercomparing the microwave indicators with
the concert of evapotranspiration products and measurements
as well as with all available auxiliaries (e.g., precipitation,
LAL, air temperature).

Figure 2 presents a comparison over the Wuestebach
study site in Western Germany and all years (2017-2020)
showing correlation (scatterplots) of specialized ET products
from remote sensing (MODIS, SEVIRI), from reanalysis data
(ERAS5-land) and Sentinel-1 backscatter (VH, VV) and VOD
(AMSR?2) compared with in situ ET data from the EC tower.
Colors in Fig. 2 indicate coverage by leaves using the MODIS
LAI product. It is obvious that there is a significant drop in
correlation moving from specialized products to proxies from
microwave observations, but the Ilatter are level-1
observations (backscatter) and level-2 derivates (VOD). At
the conference, we will provide an outlook on further
developments and potentials to track ET in terms of active
and passive microwave sensing in the light of upcoming
satellite missions of NASA (e.g., NISAR) and ESA (e.g.,
CIMR, LSTM & Rose-L) [15-17].
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Figure 1: Seasonal dynamics of evapotranspiration [mm/day] from in situ measurements (ICOS Eddy Covariance
tower), optical remote sensing (MODIS), and Earth system modeling, including data assimilation (GLDAS) are
compared to VH-polarized C-band (5.4 GHz) SAR backscatter (Sentinel-1) [dB] and C-band (7.3 GHz) AMSR2-derived
vegetation optical depth (VOD) [Np]. The study is conducted for the period 2017-2020 for an evergreen needle-leaf
forest in Wuestebach, Western Germany (6.33°E, 50.50°N). All curves are cleaned for daily to weekly dynamics using a
61-day Savitzky-Golay filter. Gray bars from the top indicate the average monthly rainfall [mm/month] from in situ

sensors.

5. REFERENCES
[1] Entekhabi, D. (1995). Recent advances in land-
atmosphere interaction research. Reviews of Geophysics,
33(S2), 995-1003.
[2] Zhou, S., Yu, B., Zhang, Y., Huang, Y., & Wang, G.
(2016). Partitioning evapotranspiration based on the concept
of underlying water use efficiency. Water Resources
Research, 52(2), 1160-1175.
[3] Zhang, K., Kimball, J. S., & Running, S. W. (2016). A
review of remote sensing based actual evapotranspiration
estimation. Wiley Interdisciplinary Reviews: Water, 3(6),
834-853.
[4] Running, S., Mu, Q., Zhao, M. (2017). MODI16A42
MODIS/Terra Net Evapotranspiration 8-Day L4 Global
500m SIN Grid V006 [Data set]. NASA EOSDIS Land
Processes  DAAC.  Accessed  2022-11-03 from
https://doi.org/10.5067/MODIS/MOD16A2.006
[5] Bayat, B., Montzka, C., Graf, A., Giuliani, G., Santoro,
M., & Vereecken, H. (2022). One decade (2011-2020) of
European agricultural water stress monitoring by MSG-
SEVIRI: workflow implementation on the Virtual Earth
Laboratory (VLab) platform. International journal of digital
earth, 15(1), 730-747.
[6] Hook, S., Fisher, J. (2019). ECOSTRESS
Evapotranspiration PT-JPL Daily L3 Global 70 m V00l
[Data set]. NASA EOSDIS Land Processes DAAC. Accessed

2022-06-17 from
https://doi.org/10.5067/ECOSTRESS/ECO3ETPTJPL.001.
[7] Truckenbrodt, J., Freemantle, T., Williams, C., Jones, T.,
Small, D., Dubois, C., Thiel, C., Rossi, C., Syriou, A. &
Giuliani, G. (2019). Towards Sentinel-1 SAR analysis-ready
data: A best practices assessment on preparing backscatter
data for the cube. Data, 4(3), 93.

[8] Feldman, A., Konings, A., Piles, M., & Entekhabi, D.
(2021). The Multi-Temporal Dual Channel Algorithm (MT-
DCA) (Version 5) [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.5619583

[9] Jeu, R. de & Owe, M. (2014). AMSR2/GCOM-W1
surface soil moisture (LPRM) L3 1 day 10 km x 10 km
ascending V001 [Data set]. Edited by Goddard Earth
Sciences Data and Information Services Center (GES DISC)
(Bill Teng), Greenbelt, MD, USA, Goddard Earth Sciences
Data and Information Services Center (GES DISC). Accessed
2022-11-02 from
https://doi.org/10.5067/BOGHODHILDAS.

[10] Rodell, M., P.R. Houser, U. Jambor, J. Gottschalck, K.
Mitchell, C.-J. Meng, K. Arsenault, B. Cosgrove, J.
Radakovich, M. Bosilovich, J.K. Entin, J.P. Walker, D.
Lohmann, and D. Toll, The Global Land Data Assimilation
System, Bull. Amer. Meteor. Soc., 85(3), 381-394, 2004.
[11] Martens, B., Miralles, D.G., Lievens, H., van der
Schalie, R., de Jeu, R.A.M., Fernandez-Prieto, D., Beck,
H.E., Dorigo, W.A., and Verhoest, N.E.C.: GLEAM v3:
satellite-based land evaporation and root-zone soil moisture,

2612

Authorized licensed use limited to: University of Liege (ULg). Downloaded on January 22,2024 at 16:02:18 UTC from IEEE Xplore. Restrictions apply.



Geoscientific Model Development, 10, 1903-1925, doi:
10.5194/gmd-10-1903-2017, 2017.
[12] J. Mufioz-Sabater, Dutra, E., Agusti-Panareda, A.,
Albergel, C., Arduini, G., Balsamo, G., Boussetta, S.,
Choulga, M., Harrigan, S., Hersbach, H., Martens, B.,
Miralles, D. G., Piles, M., Rodriguez-Fernandez, N. J.,
Zsoter, E., Buontempo, C., and Thépaut, J.-N.: ERA5-Land:
A state-of-the-art global reanalysis dataset for land
applications, Earth  Syst. Sci. Data,13, 43494383,
2021. https://doi.org/10.5194/essd-13-4349-2021.
[13] Rebmann, C., Aubinet, M., Schmid, H., Arriga, N.,
Aurela, M., Burba, G., ... & Franz, D. (2018). ICOS eddy
covariance flux-station site setup: a review. International
Agrophysics, 32(4), 471-494.
[14] Mueller, M. M., Dubois, C., Jagdhuber, T., Hellwig, F.
M., Pathe, C., Schmullius, C., & Steele-Dunne, S. (2022).
Sentinel-1 Backscatter Time Series for Characterization of
40

Evapotranspiration Dynamics over Temperate Coniferous
Forests. Remote Sensing, 14(24), 6384.

[15] Kellogg, K., Hoffman, P., Standley, S., Shaffer, S.,
Rosen, P., Edelstein, W., ... & Sarma, C. V. H. S. (2020,
March). NASA-ISRO synthetic aperture radar (NISAR)
mission. In 2020 IEEE Aerospace Conference (pp. 1-21).
IEEE.

[16] Donlon et al. (2019). CIMR Mission Requirements
Document v5.0, ESA-report: ESA-EOPSM-CIMR-MRD-
3236 available at https://esamultimedia.esa.int/docs/Earth
Observation/CIMR-MRD-v5.0-20230211 (Issued).pdf.

[17] Davidson, M. W., & Furnell, R. (2021, July). ROSE-L:
Copernicus 1-band SAR mission. In 2021 [EEE International
Geoscience and Remote Sensing Symposium IGARSS (pp.
872-873). IEEE.

|
oy
[N}

% | —
> n -13
o 30 L) e =
0 b K}\ T -14-
= #,° o [e5]
E 0® 87 e 5
E 20 A -g" L E =15 A
L4 T
QO oo’ ; 17
S I! l-?O'O _174
o | #¥e R?=0.82
: : . -18
40 =7
% D) —
> n g
D 30 >
o (1]
@© ® o
~ e & o8]
£ . s 1
g 201 ..‘ o® ° S
= t‘ ¢ * > -10+
2 e e oy
= 10 -
E ® : s a -11 A °
A ;
_‘&" R?=0.73 R?=0.24
0 . : -12 h
— 40 'G‘ 1.0
L) > |D
i ]
2 301 e e @ 2]
Q “. > ~
S e ® °® Q
E o, & B Z 08
=20 o o8, a X
"g ',,\_‘ : ° g 0.7 4 & i
= 10 A N |
! 1 ]
L
I] 0_@ R?=0.79 %05 ® R?2=10.39
0 10 20 30 40 o 10 20 30 40
EC in situ [mm/8days] EC in situ [mm/8days]
0.0 0.5 1.0 15 20 25 3.0 35 4.0
LAl [m?/m?]

Figure 2: Comparison of specialized evapotranspiration products (left column) from remote sensing (at Wuestebach
site from 2017-2020): (a) MODIS & (b) SEVIRI, from reanalysis data (¢) ERAS-land and from (right column) (d) VH-

backscatter (Sentinel-1),

(e) VV-backscatter (Sentinel-1) and (f) VOD (AMSR2) compared with in situ

evapotranspiration data from the Eddy Covariance technique. All units in [mm/8days]. Colors indicate coverage by

leaves using the MODIS LAI [m?/m?] product.
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