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Soil moisture iIs getting mature

The use of Earth observation satellites for
soil moisture monitoring

‘Wolfgang Wagner, Wouter Dorigo and Chrstoph Paulik, Vienna University of Technology, Austna

Soil mosstura strongly influences tha exchange
ol watar and enargy betwean the land surface
and the atrmosphene and is thus a kay vanable
of the climate system, Whila many of its effects
on the climate system, such as the role of soil
muoisture deficits in the occurrence of heahwavas,
are reasonably well understood, progress in the
scientific understanding of soil moisture—climate
interaction has so far been hampered by the lack
ol soil maisture observations. Fortunataly, this
siluation has improved signihicantly in the last
few years thanks to the increasing availability
of im situ ifor example, thraugh the Intarnational
Soil Moisture Metwork - soo www.ipf tuwien.
ac.atfinsitu’) and satellite-based soil moisture
ohservations.

MICROWAVE REMOTE-SENSING OF
SOILMODISTURE

Many Earth obzarvation satellites carry micro-

in ordar lo maximiee the sansitivity o soll mois-
Lura, bul without nagative repercussions on the
spatial resolution and coverage. Sclentifically,
the task has bean to develop algorithms that
single out the soil moisture signal from a host
of other parameters affecting the microwave
observations, such as the vegetation cowver or the
roughness of the soil surface. While many scien-
Lili: guestions ara still only partially answarned,
tha ratrieval algorithms have maturad up o a
peintwhara global-scale processing has become
feasibla.

AVIRTUAL CONSTELLATION OF SDIL
MOISTURE SATELLITES

5o far only ona Earth observation satellite has
baan built and launched for the primary purpose
of maasuring soil modsiure over land, namaly
the Soil Moisiure and Ocean Salinity (SMOS)H
satedlite launchad by the Europaan Space Agency

WMO statement on
the status of the
global climate in 2012
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Data set release

= ECV_SMv0.1 issued in June 2012
= >600 registered users

ECV Registered Users: Societal Benefit Area
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3. Scaling and merging passive products to
climatology AMSR E

T _' T o
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4. Scaling and merging active products to

climatology ASCAT

5. Rescale active and
passive to GLDAS-
Noah reference

\_

6. Test sensitivity to
vegetation density

7. Blend rescaled
active and passive
datasets




Round Robin Exercise AMSR-E

= 4 algorithms from 4 different groups (+1 joined later +1 still interested to
join)
= Classical error metrics
= Triple collocation
- Comparable performance
- Descending (night) > Ascending (day)
. 10 GHz > 6.9 GHz (USA, RFI)

Absolute soil moisture error
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Data updates — radiometer products

Updated version of LPRM (e.g. improved RFI-flagging)

LPRM applied to WindSat: important for continuation of C-band
observations and intercalibration of AMSR-E and AMSR-2




radiometer products

= LPRM applied to AMSR-2

soil moisture from AMSR-2 6.925 GHz (2013 03)

Testing: Testing: optical depth from AMSR-2 6.925 GHz (2013 03)
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Testing: soil moisture from AMSR-2 7.3 GHz (2013 03)
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MetOp-A ASCAT | Amazon Rainforest | ascending Pass |Left Swath
| calibrated
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Reprocessing of complete
METOP ASCAT (2007-2012)
and ERS Scatterometer
(1991-2007) Level 1
backscatter data archive
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Reference Model

RCS increase in Left Mid Beam
July 2009
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RCS drop, new calibration table
introduced by EUMETSAT in
August 2011
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Presenter
Presentation Notes
These plots show the instrument monitoring of MetOp-A ASCAT for Amazon and Congo Rainforest in ascending and descending Pass of the left swath beams.
After July 2009 the mid beam antenna in this swath show inconsistencies with a increase in sigma nought.
We can also see an backscatter drop of all three beams after in August 2011. This backscatter drop is related to the implementation of new calibration tables at EUMETSAT.

After applying the inter-beam calibration to this instrument this behaviour can be removed and a consistent dataset of ASCAT sigma nought is achieved. 


Data density over time
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= |n-situ data from the International Soil Moisture Network
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-Situ data

ion using in

Validat

Large variability within and between networks
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poor scores at high latitudes,
altitude and in arid areas,

good scores obtained in the

tropics and close to the Equator,
and over Australia (strong seasonal
cycle)
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Monitoring stability

= Binning in-situ results per blending period we see a drop in
performance for the last period:

= |Influence of station composition (more challenging areas like sub-arctic)?
= Product degradation?
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= Alternative: use ERA-Land SM estimates as baseline for stability

SMﬁMW vs ERA—Land
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Global anomalies

_Soil Moisture
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anomalies
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a) Trends analysis ERA/LAND 1988-2010 p = 0.05
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Change in soil moisture (m*m3y")

1988-2010 trends in monthly surface soil moisture (m3m-3y1) for a) ERA-Land, b) MERRA-Land and c) SM-MW (adapted
from Dorigo et al. 2012, GRL). Only significant trends (p=0.05) based on the Mann-Kendall test are shown. \\“
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Sensitivity of summer NDVI to soil moisture based on correlations with multiple moisture

indices over the last 30 years. Barichivich et al. (in prep)
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Linking soil moisture with the carbon cycle
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Mufoz et al. (2013),
Austral Ecology
Comparison of the leading Empirical Orthogonal Function (EOF) of six updated tree-ring

chronologies of Araucaria with (A) regional satellite-observed summer (Dec—Feb) soil
moisture and (B) correlation field between this EOF and summer soil moisture variability
across southern South America from 1979 to 2000.
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Validation based on in-situ data appears to be an extremely delicate task. Land
surface models can support.

Good correlations with in-situ data and reanalysis in areas with strong seasonal
cycle (close to the Equator, Australia, central Asia)

Quality CCI ECV_SM is consistent over time with respect to ERA-Land with slight
increase in performance towards recent periods for p<0.05 for all periods.

CCI ECV_SM is far from perfect but we get an increasingly better understanding
of flaws.

CCI ECV_SM seems to be useful for a better understanding of vegetation activity

We wish to understand the driving mechanisms of soil moisture variability and
vice versa. Links to:

= SST

Sea Level

Land cover (change)

Fires
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Thank you for your attention
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