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| Hydrology

Hydrology is the scientific study of the water on Earth and its:

@ Occurrence

Distribution

Properties
Movement

Management

including the water cycle,
water resources, and
drainage basin sustainability.

k‘l%
VAN

- Em Em am (vl



cHytirolagie oxgle s

The hydrologic cycle demonstrates
the transfer of the water between:

* the land surface

* the ocean and

 the atmosphere

\

precipitation

to land evaporation /¥7‘

condensation

from precipitation evaporation 4
: ... from land
evaporation™ transpiration-”"
fromfwatel’ fI"O_I’];.'}. vegetation
surface Wi , ; i

surface runoff sicvaporation Sxapoisch
from soil | from ocean

' evaporation

from reservoir

- \l \ I subsurface

precipitation
to ocean

percolation S~ flow
(deep) “\\. __ _.groundwater outflow
saltwater intrusion
[ ] soil moisture [ ] groundwater ocean covers 71 percent of Earth's surface
© Encyclopaedia Britannica, Inc. 196,950,000 sq mi (510,000,000 sq km)
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- Hydrology

Hydrology is the scientific study of the
* occurrence,
« distribution,
* properties,
* movement and
* management

of the water on Earth and other planets.

“Remote sensing provides an avenue for
observing hydrological variables and
extremes over large areas and can facilitate
an understanding of hydrological processes
and phenomena”

(Frontiers in Remote Sensing, 2023).

Hydrological Variables

Surface water hydrology

Soil moisture

Evapotranspiration

Irrigation

Water quality

o

Hydrological Extremes

Drought
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- Remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.
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.Remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.
RS system consists of:

1) Source of light

2) Sensor

3) Obiject of interest
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. Remote sensing

Remote sensing (RS) is the technology s\
for obtaining information from a distance -
without a direct physical contact with the '[
observed object, area or phenomenon.
RS system consists of:

1
2

3

) Source of light
)
)
4) Radiation and atmosphere
)
)
)

Object of interest - interaction with the object

S
6
I

Recording, preparation and submission of the data
System for interpretation and analysis

Application
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. Remote sensing

Remote sensing (RS) is the technology s\
for obtaining information from a distance -
without a direct physical contact with the '[
observed object, area or phenomenon.
RS system consists of:

1
2

3

) Source of light (energy)
)

)
4) Radiation and atmosphere
)

)

)

Object of interest - interaction with the object

Active RS

S
6
I

Recording, preparation and submission of the data
System for interpretation and analysis

Application
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. Remote sensing

¥

Record the radiation that
is emitted or reflected by
the object or area.

Active RS

Uses own source of
radiation and measures
the time delay between
emission and return.
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_Active remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.

RS system consists of:
1
2
3

) Source of light (energy)
)

)
4) Radiation and atmosphere
)

)

)

Sensor

Object of interest - interaction with the object

Active RS

S
6
I

Recording, preparation and submission of the data
System for interpretation and analysis

Application
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_Active remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.

RS system consists of:

1) Source of light (energy)
2) Sensor
3

4

Object of interest - interaction with the object

Active RS

Radiation and atmosphere

6
I

)
)
5) Recording, preparation and submission of the data
) System for interpretation and analysis

)

Application
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Source of nght electromagnetlc (EM) radlatlon
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Electromagnetic radiation is the flow
of energy at the speed of light through
free space or a medium in the form of
oscillating perpendicular to each other
electric and magnetic fields.

ELECTROMAGNETIC WAVE

Electric Field

© NASA, ESA, Leah Hustak (STScl)
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Trough — >
Oscillation Frequency

Wavelength: The distance between successive crests of a wave
Frequency: Wave cycles passing a given point in a given period of time
Amplitude: Measured between the crest and the mid-point of a wave
Velocity: Speed and direction of propagation
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https://lightcolourvision.org/dictionary/mediastudies-trust/

.Electromagnetic spectrum

EM radiation is classified into seven _
£ & o &
classes (regions, types or bands) W %@ )ﬁ% 8 © e% @ .

. buildings humans insects grains human protozoa molecules atoms atomic subatomic
aCCOI’dIng to Wavelength: of sand cells nuclei particles
. . . gamma-ray
Solar illumination comes from the “MIWWWMHW_
. ) ) 10m 10 cm 0.3 mm 780 nm 380 nm 10 nm 0.01 nm 0.000001 nm
thermonuclear reaction within the wenslungth

Sun and the spectrum that reaches U VY NN AVAVAVAVAVATITTI

the Earth is within the portion of the

. . . . frequency (Hz)
infrared, visible and ultraviolet EM I I S T S T S S S E—
radiation, between 100 nm and 1mm. 107 10° 10" 102 10 101 100€ 107 10% 107
. . . energy (eV)
Dedicated active air and space- N I S N S S N N
108 107 103 102 1 10 100 10° 106 10° 102

borne radar systems use
transmitter of EM radio or
microwaves, a transmitting c=Af

antenna and receiving antenna. A —wavelength (m), f — frequency (cycles per second, Hz), ¢ — speed of light (3x108 m/s)
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Microwave EM

Frequency range (GHz) 1-2 4-8 8-12
Wavelength range (cm) 15-30 3.75-7.512.5-3.75
sz, % i ) A ™\ Vi e Y rYmi f‘- il TR “I!
o AN VNN NNANN l Il I'J
: .« V N AL I
N N \_/ N/ lg v UV l J( H f]nu”-”
10m im 10cm
| _
18GHz 26.5GHz  40GHz

300MHz

30MHz

VHF Band | UHF Band
i Higher frequency

Lower frequency

Larger

Bandwidth

Dgﬂr Smaller
Smaller

E Larger Antenna size
i More

Attenuation (susceptibility to rain fade or other interference)

2D Z E:

Less

ko
)
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_Active remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.

RS system consists of:

1) Source of light (energy)
2) Sensor — satellite antenna

Object of interest - interaction with the object

Active RS

Radiation and atmosphere

)
)
5) Recording, preparation and submission of the data
) Interpretation and analysis

)

Application

16

e — N = 1= D111 — 88 = o= B b= 01 2R E= — W



Active RadaryRemote Sensing —Imaging geometry

Radar Illumination Footprint

" Cross-Track
(or Range Direction)

©DLR

 side-looking geometry

- o= = 4 ]1

i

—_— B || e NPz mE I
—IIII—I-—--II'A;\‘-- _-hl*l



Synthetic Aperture Radar (SAR)

Larger antenna -> better resolution!

Solution: Simulate the equivalent of a large antenna by
combining data from a series of radar pulses emitted and
received by a smaller antenna while it is in motion.

Azimuth Axis
’f
Point target: O
F S " ,!
/ »
q Footprint

D D,
A; A . ] o
g
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_SAR satellite orbit

Descending

\scending orbit Descending orbit

© SkyGeo Liu et al (2022) 19
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SAR satellitesmissions

Historcal Analysis Today monitaring
L o S —
1997 Rkl 1986 2001 2006 2011 2018 2021 025 Revisii Resalution
" tima (days) (metra)
ERS-1/2 : % K 35 28
RADARSAT-1 : C-band 24 ]
Ervisat I i5 28
ALOS-1 ] \ % . 46 10
TerraSAR-X N 1 0.3
COSMO-SkyMed T 16.(1) 05
RADARSAT-2 : 24 1.6
RISAT-1 . 25 1
Kompsat-5 I 28 1
Sentinel-1A/B - 12 (6) 5
ALOS -2 N 14 i
PAZ+TerraSAR-X I T 11(4) 1
SAOCOM-1A/B G S— 16 (8) 3
ICEYE i <1 0.4
RADARSAT Constelation Mission (RCM) - 12 (4) 1
COSMO-SkyMed Second Generation (CSG) EREEA 16 (8) 0.5
Capella A <1 0.3
StriX (7Y 1 1
NISAR - 12 3
HRWS ' >» 0.25

Macchiarulo et al. (2021)

20

= o= 4 i

I

—_— I = 55 = == B b= Bl 2R E= — W



_Active remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.

RS system consists of:

1) Source of light (energy)
2) Sensor

3) Object of interest - interaction with the object

Active RS

4) Radiation and atmosphere
3)

)
6) System for interpretation and analysis
7)

Recording, preparation and submission of the data

Application
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- SAR signal —sphase

1. Phase [0, 27] - Property of a periodic phenomenon
(electromagnetic wave) referred to an arbitrary origin.

e RN N TN

Oor2m Oor2m 0,57

1
1
L
1
1
I

Amplitude
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. SAR signal —interaction with the object

Sensor

ﬁ\//\\//\\//\\/

Depends on the distance between the sensor and the target:

Sensor

ﬁ\//\\//\\/m

Depends on the characteristics of the target:

Sensor

23



. SAR signal -ymeasurement principle

antenna
. I
Transmitter
____________________________________________________________________ h
. e B e
Receiver
) range distance r, |
- =1
z
antenna
e
* . . ) ] 2'Fﬂ
- Time delay for the received signal: t, =
h Co
) \‘ swath\\ 4 : h
| Swath_| - Incidence angle: cos@, ~ -
width Iy
0
g ... look angle
g ...Iincidence angle
r ... slant range
© DLR/Younis 24
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.SAR signal sphase and amplidute

1. Phase [0, 27] - Property of a periodic phenomenon
(electromagnetic wave) referred to an arbitrary origin.

:PhaseAngle: \/ \/ \/ \/

Oor2m Oor2m 0,5m

2. Amplitude - Measure of the strength of a signal, in this
context the height of the electromagnetic wave.

VARV

Amplitude
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SAR signal —interaction with the object

s =
. s . el T

Moderate return:

) No return: Strong return:
Specular reflection Smooth surface, Intermediate Rough surface,
specular reflection roughness diffuse scattering

Rough Surface

v

= o= 4 i

sle.

© ASF/Meyer
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Double-bounce backscattering
(c)

Surface backscattering

(a)

Volume backscattering

(b)

Surface backscattering Double-bounce backscattering Specular scattering

(d) (e) (f)

AU VI Vil

Diffuse backscattering Diffuse backscattering Specular scattering

(9) (h) ()

VEGETATION

wWRRnh
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Ziem
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& cm
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~Impact Qf the,_.frequen_c_:y

©DLR
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.SAR signal sphase and amplidute

1. Phase [0, 27] - Property of a periodic phenomenon
(electromagnetic wave) referred to an arbitrary origin.

:PhaseAngle: \/ \/ \/ \/

Oor2m Oor2m 0,5m

2. Amplitude - Measure of the strength of a signal, in this
context the height of the electromagnetic wave.

VARV

Amplitude
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_SAR signal

complex representation: A-. 008(2:&? f,t+ 4;35) —> A- exp[j (2?? fot + ‘?5)]

after demodulation: A- expD‘ : ¢]
amplitude: A . Imaginary Part
intensity, power: A? ¢

\ Real Part
phase: ¢

Every pixel of a complex SAR image consists of a real and an imaginary part,

i.e. it is a phasor and contains amplitude and phase information.
amplitude information — backscattering coefficient O

_ _ 4.r
phase information = —TJ‘ + ¢ua;eﬂ

© DLR
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ERACKSCRITSr pEERREITiont, )

Very high backscatter (above -5 dB)

Double Bounce

High backscatter (-10 dB to 0 dB)

111111 N

\gh Surface
)

Moderate backscatter (-20 to -10 dB)

Low backscatter (below -20 dB)

I A AN A AN A AN AN BN A AR N

Man-Made objects (urban)
Terrain Slopes towards radar
very rough surface

radar looking very steep

rough surface
dense vegetation (forest)

medium level of vegetation
agricultural crops
moderately rough surfaces

smooth surface
calm water

road

very dry soil (sand)
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_Active remote sensing

Remote sensing (RS) is the technology
for obtaining information from a distance
without a direct physical contact with the
observed object, area or phenomenon.

RS system consists of:

1) Source of light (energy)
2) Sensor — satellite antenna @

3) Obiject of interest - interaction with the object
4) Radiation and atmosphere Active RS

5) Recording, preparation and submission of the data
6) Interpretation and analysis
7) Application

34
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Interaction with atmosphere

Sensor

Scattering

Absorption

Scattering

- R\ Ly 1[521

iy ¥\

: Scattering

v : Emission
Absorption

~ S e N N N .-/\ A N N NANARNANT "l Hin ”'
\\‘.. P 4 \\\\ / %\ / ‘_‘I / J|I l\ / | | ! | l. J (|(| l i| ]{ "‘ ” ”

\ M
s N, \, / \ { | | L
N _y N/ < U VU U\ . nh..w s
10m im 10cm
30MHz 300MHz 1GHz 2GHz 4GHz 8GHz 12GHz 18GHz 26.5GHz 40GHz

Nl el
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_Limitations because_ of the _g__e_ome_try

adowing | Foreshortenin “ | Layover

P brar c'

sollee

. b ab c
Steep slopes oriented away Slopes %riented tg the SAR Steep slopes oriented to the

from the SAR return no signal. d.

appear compresse
e " N e s

o P e

b
P il

SAR lead to ghost images.
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- Polarization

£ JAXA METT Analyzed by JASA S JAXA MET! Analyzed by JAA

(b) HY and WH

Hv Uh)

2006/08/19 01:17(UT) ALOSPALSAR POLARIMETRY
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Polarization and RGB-Composite
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Polarization and RGB-Composite
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Interferometric Synthetic Aperture Radar (InSAR) and

«-Differential INSAR (DInSAR)

Interferometric Phase

A
¢diﬁf — TAF diff

A¢ = ¢top0 + ¢di]j’

e

IMAGE lj [IMAGE 2]

| REAL SIMULATED
 INTERFEROGRAM INTERFEROGRAM
~ DIFFERENTIAL
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- Hydrology and Hazards - Floods |

18, 2023
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. Hydrology apd Hazards — Floods -> Landslides .

42
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_Hydrology and RS SAR

Hydrology is the scientific study of the water on Earth and its:

@ Occurrence

Distribution

Properties

Movement

Management

including the water cycle,
water resources, and
drainage basin sustainability.
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Thank you for the attention!

maya.ilieva@upwr.edu.pl
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