The MicroVegSnow Project

at Davos-Laret Remote Sensing Test-Site as
Part of the “Swiss Alp-SnowLab for Climate-Research and Remote
Observations” (SASCRO)
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1) MicroVegSnow Overview

2) Main Objectives Research Questions and Hypothesis

3) Theory L-band emission model for snow-covered grounds; inversion

4) Experimental Approach

5) Setup of the Experiment (time-iine since August 2016; modifications)

6) Work under Progress and Future Plans
treatment of disturbance; radiance of “gridded” areaq; first retrievals; next steps

7) Summary / Conclusions
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Overview of the Lead-Agency Project:

Acftive/Passive Microwave Remofe Sensing in
Application to "Vegetation & Soil” and “Snow & Soil”
MicroVegSnow

Snow & Soll Vegetation & Soll
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Lead ®feza Nadefmositie Davos  Director of WSL

. " Lead Director of FZJ
Snow & §O|l “Vege’ro’rion & Inversion Agrosphere
RT mopigiingudent at WSL-Birmensdorf Soil” RPhipeletieant at FZJ (JUlich) Institute
started at May 151 2016 started at April 4" 2016

9'h February 2017 8th EARSel workshop on Land Ice and Snow, Bern, Switzerland .
eprvary MicroVegSnow Project in Davos-Laret WelL GAMMA REMOTE SENSING



MicroVegSnow'’s “overall”

Vegetation & Saoil <> Research Center Julich (FZ)J)
+ Snow & Soll <> Swiss Federal Institute WSL (SLF)

= Similar modelling- and experimental concepfs;
similar microwave- and in-situ sensors.

Vegetation & Soil part:
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Snow & Soil part:

Radiometer and scatterometer on .
moving bridge; adiie
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MicroVegSnow’s “Vegetation-Part”

«  Weekly measurements over "gridded. : oy e e
and “natural”_area. o
* L-band observatio
extensive in-situ obs.
«  Wide-band scatterometer (nadir)

= 40°, 50°, 60°;

N
N’
T L -] &8 footprirks noo-gracied plot E'
S| S
by g m A e e i ®)
- " Q‘.
. . . 50 —= ®
ObjeChves’ +* TBH meas <o . - " = QI-
* TBV meas « o o - - * —
H feel + TBH model _ <
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- Retrieval scheme to estimate parameters |~ ., | «
of vegetation (7, o, VWC) and ground P
(SM, roughness). . il ‘
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« Assessment of retrieval quality. DOY 2016

« Potential of synergis’ric use of passive and Temporal evolution of TP (6= 40°) measured over

active microwave data. the “gridded” area for advancing vegetation
development.
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MicroVegSnow’s “Snow-Part”

«  Microwave emission of snow-covered grounds.

« Boftom-layer snow-density & ground permittivity (ps, &s)
from L-band TgP-%.

«  Assessment of (ps, &5)-retrievals.

« Application of the (ps, g5)-retrieval scheme to SMOS and SMAP.

* (ps, gg)-retrievalis a novel SMOS product
= improved estimates of SWE and soil freeze/thaw.

« Potential of synergistic use of passive and active microwaves.
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Snow permittivity model (same as

used in MEMLS).
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Dry uniform snow layer: = Although dry-snowis\ * [ " [lwmiea
= fransparent (f, = 1) transparent and not o] ol e
° ° | —a—| 200 1.335 -
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d, =l—4, Incidence 6 at ground versus

observation angle 6, (Snell’s law).
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Retrievals (ps, £5) based on synthetic Tg%P with error ATgP = 2K
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The minimum CF,,,;, ~ 48.9 K? of CF(ps, &) at
~~P = (o5, &5) = (202.4 kg m-3, 4.8) correspond to

the values retrieved -

(close to initial values (oM, g5M)).
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« The cost-function CF(p;, £;) reveals a unique minimum over the ps-;
parameter-space.
« The minimum CF_;, ~ 48.9 K2 of CF(ps, &5) at P = (ps, &) ~ (202.4 kg m-3, 4.8)
correspond to the values retrieved (close to initial values (oM, &5™M)).
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Snow Removal Experiment: reo. 1202015 sodankyls

= Experimental proof of sensitivity of TzP(6) with respect to dry-snow.

= T.P(6) measured before (X) and after (X) snow_—removol. v
» Reasonable agreement between measured (™) and simulated (;) TP (6).
. A

ELBARA-II snow removal experiment, Feb. 12, 2015
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V' ELBARA-II V-pol, snow removed
| & ELBARA-II H-pol, snow removed
I Semulatod, V-pol, snows 233-304 kg m
I simulated, H-pol, snow 233-304 kg m
= = Simulated, V-pol, bare ground
= = Simulated, H-pol, bare ground
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« Key remote sensing instruments mounted on the 4.5m-tower:
- L-band radiometer ELBARA |l (since November 2016)
- X-band radiometer MIRA (since November 2016) |
- Wide-band Scatterometer  (winter2017/18) i

« Alternately elevation scans
on “natural” and “gridded”
footprints (FP).

“natural” <« snow-covered ground

“gridded” «<» ground emission shielded &
with a metal mash-grid

yonoiddy |pjuswnadxy (¢

 TgP-? over “gridded” FPs mainly
carry information on snow. ;
TgP-? over “natural” FPs carry
information on snow and

ground.

< experimental setup suited for
disentangling (moist) snow and
ground radiance
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Time-Line since August 2016
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Modification:

10 January 2017:

Installation of a heating-system for the elevation-tracker gear-
box to reduce increased friction at very low ambient
temperatures.

— Heating cable wrapped around the gear-box and thermal insulation.
— Tracker works properly even at very low temperatures
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Maintenance Tasks

10" January 2017 and 30" January 2017:

Large amounts of snow accumulated on the
ELBARA-Il antenna had to be removed to avoid
overload of the elevation tracker.

— Successful remote recommissioning of the system
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Modification:

19th December 2016: V—pol ch1
Moving ELBARA-II to the € 10 ' - [ngthe
height (~ 80 cm) to reduc ae : gl&s.
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Mitigation / Quantification of Disturbances (RFI)

Impact of measurement errors ATgP¢ caused by non- L !
thermal emission received by the radiometer.
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The approach:

“Intensities” of radiance measured for a thermal
noise source has a Gaussian PDF.

1) Compute the mean (U;) of the (2400) voltage
samples U; measured (@ 800Hz) by ELBARA-II L-
band radiometer.

2) Compute the PDF, .q.eq Of the measured raw-
data U; (blue).

3) Fit a Gaussian-model PDF. .. 1O PDF, cqsired-
= The mean (PDFs.) IS one of the fit-
parameters.

4) The difference (U;) - (PDFs..) IS @ measure of the
contribution of non-thermal radiance.
With the radiometer gain Ggy, = 0.322 mV/K the

probability of raw-data measurement U; [%)]
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impact of non-thermal radiance (disturbance, v 1
RFI) can be quantified as: ) 5 ikl 065 070
ATgP-? = ((U;) - (PDFs i) Grm raw-data measurement U, [V]
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Weighting factor of radiance “gridded” area

Crucial for the interpretation of measurements | ’ &\l | [[# Ia_
TesP ¢ performed over the area 3. K " &
Two approaches are investigated: N : : Wt -
.., . { : l.‘ | .‘.l ),',.‘ ‘ | 4
1) Theoretical: Convolution of the “gridded” i , *\ . ',",/ |
area with the antenna sensitivity pattern. | e d/jﬁ Y

2) Experimental: TgP¢ measured over area 3 is:

TegP? = TgeP 0 g + TP 0+ (1 - 1i3) TarP? = Ty, Tx with ry = 1 (grid reflectivity)
N)MTBNP'H measured over “Natural” area 1 or 2
measured
used to estimate

SuD|d 2Injn4 pup ssaibolid 1opun oM (9

1.00 ' v § ' ' R (moist) snow emission

0.95 4 \/ 1 o

] =l | Raw-data processing
_ o X ~3 i ( U i —> TBp' 9
§ os0- "\\\I ] . .
T s A\ 1 = “optimal” assumption for the Feed-Cable
& ] losses to yield most accurate Tg sky for different

gy \'\'\. i Tir-

0.65 4 ~ N

TR - e P = RFI mitigation / flagging / consideration in
elevation angle @ [deg] CF (Ps' EG)-

9 Feb 2017 8th EARSel workshop on Land Ice and Snow, Bern, Switzerland 9
ebruary MicroVegSnow Project in Davos-Laret WelL GAMMA REMOTE SENSING



First Retrievals (ps, &)
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b) consideration of errors ATgP of measurements TgP-?.
sequential retrieval: first &5 using V-pol TV, only, than ps using H- and V-pol TgP%.
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Next Steps

Measurement campaigns over manipulated areas
Snow-removal experiment

= To demonstrate and quantify the impact of snow on
TBp’g

= To “reset” the observed area for the “snow-
compression experiment”

Show-compression experiment

=  With new snow to achieve maximal contrast of bottom-
layer snow mass-density pg

* |n-sifu measured bottom snow-layer density and snow-
depth before and after compression (using “snow
compression-table”)
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Summary / Conclusions

* MicroVegSnow is a 3-year project between the WSL (snow-part) and FZJ
JUlich (vegetation-part). Project-parts share common microwave
insfruments, experimental- and modelling approaches.

* MicroVegSnow snow-part and ESA SnowlLab project are both
conducted at the SLF/WSL Davos-Laret test site.

* MicroVegSnow snow-part provides almost continuous (first year) L- and
X-band brightness temperatures TP, as well as in-situ ground
temperatures, ground permittivities, snow density-profiles,...

* MicroVegSnow snow-part and ESA SnowlLab are both in support of the
development of methods to estimate snow-properties from microwave
remote sensing.

MicroVegSnow snow-part targets on the retrieval of bottom-layer snow-
density and ground permittivity based on L-band Tz (potential to
improve SWE estimates and Freeze/Thaw states).
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« The spatio-temoral collocated active- and passive microwave datq,
available from ESA SnowlLab and MicroVegSnow, are unique. Optimal
scientific exploitation of the data requires a common research project.
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