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Watersource | | fresmwater totatwater| | SCITIVE/
Oceans, Seas, & Bays |1,338,000,000 |-- %654 | 7
Ice caps, Glaciers, & | 24,064,000 68.7 1.74
Permanent Snow
Groundwater 23,400,000 -- 1.69
Fresh 10,530,000 30.1 0.76
Saline 12,870,000 -- 0.93
Soil Moisture 16,500 0.05 0.001
Ground Ice & 300,000 0.86 0.022
Permafrost
Lakes 176,400 -- 0.013
Fresh 91,000 0.26 0.007
Saline 85,400 -- 0.006
Atmosphere 12,900 0.04 0.001
Swamp Water 11,470 0.03 0.0008
Rivers 2,120 0.006 0.0002
Biological Water 1,120 0.003 0.0001
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Why water in soil is important? ssssses
Soil moisture is a crucial factor for plant growth it Sy
conditions (including water stress issue) '-"'"'
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5813-4 8
Lipiec J., Nosalewicz A., Pietrusiewicz J. (2011) Crop Responses to
Soil Physical Conditions. In: Glinski J., Horabik J., Lipiec J. (eds)
Encyclopedia of Agrophysics. Encyclopedia of Earth Sciences
Series. Springer, Dordrecht



Why water in soil is important? .2 ..
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Soil moisture indirectly influences other significant soil T
properties, including aeration, mechanical impedance, Cy
temperature and many other...
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Soil moisture
o Mas, M., Verddy, A., Ginovart, M., et al. (2017). Seedling emergence
Zone of aeration through soil surface seals under laboratory conditions: effect of
mechanical impedance and seal moisture. Biologia, 72(8), pp. 862-
Water table 868. Retrieved 4 Nov. 2019, from doi:10.1515/biolog-2017-0105

Zone of saturation

Unlike the aeration zone,
all pores in the saturation

zone are filled with water.
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Soil water content (soil moisture) is triggering

variable in irrigation scheduling _.....
.

https://www.sciencedirect.com/science/article/pii/S016816991200018X
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Soil moisture conditions are an important factor in precipitation iy
splitting (re-distribution) of into runoff, infiltration, and ground water SCI't Ve

science for business K
recharge e
Condensation
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Saturated soil can be a warning of subsequent flooding due Ly L
to the limited ability to store more water scitive:
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https://crops.extension.iastate.edu/cropnews/20
/effect-flooding-emerged-soybeans
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Information about soil moisture allows predicting
droughts and erosion
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Data on soil moisture are a key variable in scitive:
numerical weather forecasts SR A
T+24h
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Challenge

Soll moisture can be spatially variable -
at large scale we need lots of field
measurements - very time consuming
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« Manual measurements of soil moisture
distribution in layers via TDR, geostatistical
analyses
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Point measurements of soil moisture are fairly
accurate, however inadequate on large scales
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Satellite data R

« Large region of measurement
« Spatial continuity

« Consistency

* Cost effectiveness
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Soil Moisture and Ocean Salinity
(SMOS)

Launched in November 2009 (15 years
now!!!)

Parameters:
» Precision: 4% volumetric water content
* Pixel area: 40x40 km
» Temporal resolution: 3 days



http://www.esa.int
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Approaching flood in Europe
(31/05 - 02/06/2013)
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Dangerous soil saturation near Krakow In

Polanc
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Dangerous soil saturation near Krakow —
discharge (18/06/2013)
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Spatial analyses — geostatistical

methods
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The empirical semivariograms »@(h) for distance h were calculated from:

1 0)= o 200l 4

where N(h) is the number of pairs of points z(x;) separated by the
distance h.




Spatial analyses — geostatistical A
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Geostatistical results

| Rok | Season | Ramge() | Gf(C+Q) | R

2010

2011

2012

2013

2014

winter
spring
summer

autumn

winter
spring
summer
autumn
winter
spring
summer
autumn
winter
spring
summer
autumn
winter
spring
summer

autumn

0.999

1.617
1.542
1.881
2.733

1.728

1.704
2.394
2.034
1.626
2.731

3.853

1.809
2.100
1.867

4.083

1.491
1.593
2.543
1.725

0.003

0.001
0.017
0.063

0.298

0.060

0.002
0.113
0.209
0.106
0.644
0.683
0.163
0.000
0.621
0.569
0.001
0.001
0.652
0.503

0.999

0.995
0.989
0.994

0.985

0.989

0.990
0.972
0.985
0.984
0.941
0.985
0.978
0.993
0.912
0.997
0.982
0.991
0.988
0.977
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Is that truth?




Soil moisture data from 9

agrometeorological stations

(SWEX Poland) installed
Eastern Poland were
compared with SMOS
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SMOS vs. In situ soil moisture:
time-series comparison

~ BIALOWIEZA

Coordinates: 23.75°E, 52.57°N
Sand: 68%, silt: 28%, clay: 4%
Sensor depth: 10 cm
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@) BIEBRZA @&

Coordinates: 22.66°E, 53.47°N
Sand: 97%, silt: 1%, clay: 2%
Sensor depth: 10 cm

Date

Date

2016



SMOS vs. in situ soil moisture: A
time-series comparison (R?) A=
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Janow

y = 0.49x - 0.0044
R*=0.5134
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SMOS vs. In situ soil moisture:
time-series comparison (R?) —summary
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SMOS vs. In situ soil moisture: N
Bland-Altman method of comparison rsovrsec
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Coordinates: 23.75°E, 52.57°N Coordinates: 22.66°E, 53.47°N
Sand: 68%, silt: 28%, clay: 4% Sand: 97%, silt: 1%, clay: 2%
Sensor depth: 10 cm Sensor depth: 10 cm
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Usowicz, B., Marczewski, W., Usowicz, J., tukowski, M.I., Lipiec, J. Comparison of surface soil moisture from
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SMOS vs. in situ soil moisture: A
Bland-Altman method of comparison rsmyrses
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ELBARA Poland — Bubnow Wetland, A,
60 km from Lublin (Poland) A=
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ESA (European Space Agency)

nd (band L, microwaves in 1 to 2
GHz range)

RAdIometer (instrument recording the
Intensity of electromagnetic radiation)
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Radiometer INSTITUTE OF

* Very sensitive receiver of heat radiation - A s
 Remote, passive sensor (as opposed to active radar, FDR, TDR etc.)

What is measured?
 Radiance — Thermal radiation in a given wavelength range
(microwaves) called brightness temperature TgP (p = H, V) associated

with thermodynamic temperature T.

Space-borne radiometer (SMOS) Air-borne (PLMR) Ground-based (ELBARA)
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Plaan,s Law INSTITUTE OF

Spectral radiant exitance, M, (W m~2 um~")
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Visible radiant energy band 2hV3 1
,__[ = cz2

Blackbody radiation curve
at the sun’s temperature

Blackbody radiation curve
at incandescent lamp temperature

K
1000° K
500°K Blackbody radiation curve

5 T T T
2 10 20 50 100
Wavelength (um)
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Earth Emitted Energy: Spectrum
Frequency (GHz)
10

Earth Emitted Energy: Infrared - Microwave wm w "
Frequency [GHz)
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Rayleigh-Jeans apprOX|mat|on TTTTTTTTTTT

P=KTB=100 W (1)
k = 1.380658-10723 J K1 (Boltzmann const.)
T = 300 K (physical surface temperature)

B=27MHz ibandWidthi
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Why 1.4 GHz (A=21 cm)? e o
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f = 1400-1427 MHz is suitable to s e
observe the Earth’s surface from
space:

* Protected band (thanks to radio-
astronomers!)

* Transparent atmosphere

 Sensitive to liquid water

» Relatively large emission depth

 Stfrong interaction between liquid
water and microwaves!

= Microwaves are sensitive to water



Soil moisture vs. brightness
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Soil Moisture retrieved with L-MEB model )\
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(from Brightness Temperature) AGROPHYSICS
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Temporal dependences of SM measured with a sensor and retrieved with L-MEB model. Red, narrow vertical lines indicate precipitation events.
SM values were obtained from microwave brightness temperatures measured at azimuth angle 290°. The retrieval has been done assuming T,
T4 and SM as free parameters while H, = 0.3.
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ELBARA Il —
azimuthal

and vertical
(+improved electronics)
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Bubnow Wetland iy
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Cultivated field:



Brightness temperature [K]

SMOS vs. ELBARA comparison
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ELBARA footprint (cultivated field, azimuth: 310°, elevation: 40°)
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SMOS vs. ELBARA comparison

Brightness temperature [K]
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