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GNSS-based remote sensing: Innovative observation of key
hydrological parameters in the central Andes
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Outline

o Motivation

« Objectives

« GNSS remote sensing advantages

« Estimation of integrated water vapour
« Estimation of soil moisture

« Pilot stationsin Germany

o Current work

o Conclusion
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Motivation

« Landscape diversity

- . I ?‘M E' A v‘. \ \f
« Transition from tropical s ROZUSES RN .$Un|ver81tyof8alta
climate to desert climate . S Vg

o Large spatial and temporal
climate variations

« Integrated water vapour
and soil moisture are the
most important parameters

Credits: Google Earth
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Objectives

« Installation of GNSS stations and in-situ soil moisture sensors
o Test of low-cost GNSS receivers along with commercial ones
« Use of data from pilot stations in Germany for testing

« Provision of independent solutions using GNSS data

o Integration with SAR images in the solution

« Comparison with global climate models

« Interpretation of the impact of the results in the environment

=
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Why GNSS?

. Classical methods:
« Robustresults

« High temporal resolution (in
some cases)

 Very low spatial represantibility
« Pricey

. Satellite methods:
« Lower accuracy
« Low temporal resolution

. Very high spatial represantibility == " Credits: GFZ, Triibner,
NASA, ESA
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Why GNSS?

GNSS remote sensing: / %

High temporal resolution

Optimal spatial represantibility WV “
for agriculture %

Cost-effective

soil moisture

Big room for improvement

(b) .[ glistering zone
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Integrated Water Vapour

Ny ()

« Electromagnetic wave propagating 2s0MHz  d0omHz (L6

Height
= 1000
[km]

through lonosphere and
Troposphere

« The ionospheric delay is o

dependent on the frequency

o The tropospheric delay gives
information about the water
vapour

100
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Integrated Water Vapour

Isolation of the tropospheric "
delay &
« Separation into dry and wet

component

« Calculation of water vapour _
from the wet counterpart I
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Integrated Water Vapour

Isolation of the tropospheric L2 =5+ (up —u®)e—I° + Z° + Mar — a® + N®) + s

delay @

« Separation into dry and wet

component ﬁ Zr ﬁ

« Calculation of water vapour
8 8 — 8
from the wet counterpart ZepP b T)  Zrwie > IWV = IIT) Zry
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Soil Moisture

o The antenna receives the direct

. direct
and the reflected signal GNSS
. . satellite
« The interference creates specific 0»0'0

patterns in the SNR observations

« The patterns are modeled into a

reflected c ’
. . . . Ceepg —
sinusoidal function signal

o The initial phase is dependent on
the penetration of the reflected
signal

o The penetration is related with the
dielectric properties of the soil mmm=d> soil moisture estimation

=
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Soil Moisture

The antenna receives the direct
and the reflected signal

The interference creates specific
patterns in the SNR observations

The patterns are modeled into a
sinusoidal function

The initial phase is dependent on
the penetration of the reflected
signal

The penetration is related with the

signal strength (dB-Hz volt/volt)

Station MARN, PRN 17, Motion direction: Raise

160 .
A= 36.23 dB-Hz volt/volt [+ s\R
120}$= 272.31° |—sine fit
RMSE= 14.28 dB-Hz voltivolt |
80+ ;
40.....}@'\ ........... j i %l
VY 8 v S
NANAWEN I
i & ; j A3 ¥/ .
o M MY i Ve
AOF g R
LR A
-80_
-160 13000 14000 15000

sec. of day (10.02.2018)

dielectric properties of the soil === s0il moisture estimation
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Pilot Stations - Marquardt
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Sensors installed in Marquardt
Research Site, Brandenburg

Focuses on research related to resource
conservation, sustainability and
environmental protection

Precipitation events are measured with
a meteorological station

Equipped with various types of GNSS
receivers

In-situ soil moisture data are used for
calibration/evaluation
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Pilot Stations - Marquardt
04 Summer 2016 soil moisture from GNSS and TDR 5cm, Correlation = 0.74 20
GNSS mean 0.11, std 0.05
035 TDR mean 0.08, std 0.06 18
I Precipitation
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Pilot Stations - Fiirstensee

Station part of Terrestrial

TERENO Terrestrial Environmental Observatories ’ . .
E— | Environmental Observatories
B i giczr:i%jé‘éﬂ?s"c‘hes (TERENO) Project

Koordination: GF2 « Aims at monitoring the long-term
;bﬂ/@mu ecological, social and economic
Koordination: UFZ Impact of global change at regional

L AR gitf)gl: {\Il\laifa?jrti;meinische level

L Koordnaton: 2 . Located in Furstensee, Mecklenburg
§ %, Gayerische Aien! Vorpommern

Voralpenland
Koordination: KIT / HMGU

« Equipped with meteorological
station, GNSS receiver and in-situ
soil moisture sensors

Credits: Tereno
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Pilot Stations - Flirstensee

GNSS L2 and TDR 5cm VWC, Correlation = 0.63, RMSE = 0.074

GNSS mean 0.10, std 0.03
TDR mean 0.05, std 0.02
B Precipitation

Precipitation [mm]
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Current Work

« 4 stationsinstalled along
the climatic gradient

7000

6000

« Various types of GNSS 5000
. . . 4000
receivers in each station 5000
2000

o In-situ soil moisture sensors 1000
installed additionally for 0

comparison and calibration
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Initial Results

Salta - Geostar L1
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Initial Results
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Initial Results

Payogasta - Geostar L1
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Initial Results
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Conclusion

The initial results are very promissing

The soil type plays a very important role

The dynamics between soil and lower atmosphere have to be
understood better

It is optimal to have measurements over a complete seasonal cycle
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