Spatial Tools in Water
Resource Management

Nick van de Giesen
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1§ Lecture 4: Intro remote sensing

CT5401 2012 Lecture 4

CT5401

» GIS: Lectures 1,2,3
» Remote Sensing: Lecture 4,5,6
» Theory

» Exercise
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ii Lecture 4: Intro remote sensing

CT5401: Remote Sensing

» |ecture 4: Introduction & image classification
» |ecture 5: Thermal imagery (Wim Bastiaanssen)

» |_ecture 6: Microwave (Susan Steele-Dunne)

> Some “overlap”

» Burkina Faso
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Lecture 4: Intro remote sensing

Outline

» Overview satellites & applications
» |mage analysis
» [mage classification

» Exercise: Mapping small reservoirs

3
TUDelft



3“‘\" '_,} .
A

CT5401 2012 Lecture 4

Lecture 4: Intro remote sensing

Remote Sensing

» Remote sensing (satellites)
> Principles

> Applications

Why?
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Satellite principles

> Spectrum

» = 2
-f-’, % So S o > 3 = I 3
| 2 22| 8 D40 - o & ©
o > T 2 n @ = > » e

tQ 2 O = EQE = = (3] >

S|S5|o2|(58|£39 S |2 = =
<|5s|FL 39 SsS0o > S < 5
e |7 I8 110 '11 112 113 114 115 116 117 118 |

10 10 10 10 10 10 10 10 10 10 10 10 10 10 Hz
s Nl N N WA VAVAVAV T

Low frequency High frequency
Long wavelength Short wavelength
Low quantum energy High quantum energy

[1]



CT5401 2012 Lecture 4

= Lecture 4: Intro remote sensing

5
TUDelft

Satellite principles

» Spectrum
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Satellite principles

> Spectrum . .

Visible
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Satellite principles

» Spectrum NIR
[ ]
» = 2
2lz [&2]¢ 5 > b S B 3
'8 c;u .‘-QU ] r— - [ et = o [\
c > 8| = Qy @ © D > 7
tol2E|5=| EQE = o 2 E
S|S5|o2|(58|£39 S |g = =
<|5s|FL 39 SsS0o > S 5% (8
e |7 I8 110 '11 112 113 114 115 116 117 118 |

10 10 10 10 10 10 10 10 10 10 10 10 10 10 Hz
s Nl N N WA VAVAVAV T

Low frequency High frequency
Long wavelength Short wavelength
Low quantum energy High quantum energy

[1]



CT5401 2012 Lecture 4

= Lecture 4: Intro remote sensing

5
TUDelft

Satellite principles

> Spectrum
Thermal
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Satellite principles

> Spectrum Microwave
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Satellite principles

> Visible/NIR
» Easy interpret
> \Water

» \egetation

CT5401 2012 Lecture 4
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Satellite principles

» Visible/NIR ] —— Dry bare soil
E0— —— WVegetation
» \/egetation e o o
» NDVI ;g“c*
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Wavelengths (pum)
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Satellite principles

> Visible/NIR - — Dry bare soil

| . 60— —— WVegetation
» \/egetation e o Xl
» NDVI § 0

5
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Wavelengths (pum)
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Red
Blue
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Satellite principles NIR
> Visible/NIR 7 — Dry bare soil
60— —— WVegetation
> \Vegetation s - — Water
> NDVI %40—
8 -
T 20
O~ [ 1 1 ! I | [ I I
0.4 68 1.0 12 i4 16 18 20 22 24 286
Wavelengths (pum)
[3]

Red

NDVI=(NIR-Red) / (NIR+Red)
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upper
epidermis —[

palisade
chlorophyll

spongy
‘mesophyll

lower — %0

opiciermis vein synthetic

| \ products
CO

2 [4]

stoma :

O, water vapor

NDVI=(NIR-Red) / (NIR+Red)
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Satellite principles NIR
> Visible/NIR 7 — Dry bare soil
60— —— WVegetation
> \Vegetation s - — Water
> NDVI %40—
8 -
T 20
O~ [ 1 1 ! I | [ I I
0.4 68 1.0 12 i4 16 18 20 22 24 286
Wavelengths (pum)
[3]

Red

NDVI=(NIR-Red) / (NIR+Red)
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Satellite principles

> Visible/NIR
> \Vegetation

» NDVI

NDVI=(NIR-Red) / (NIR+Red)

e 2
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Lecture 4: Intro remote sensing

Satellite principles

» Thermal IR
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Radiation

Planck
Radiation
Formula

: B el e—————r————————r———
vvvvvvvvvvvvvvvvv

Wavelength of radiation in nm

Planck

Wien
sun: 480 nm, earth: 10 pm

Stefan-Boltzmann
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GOES-EAST RHINBON IR CH - 28 AUG BS BOO: 1S UTC

Hurricane Katrina
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Satellite principles

» Radar

Specular

L V] [ = - ] [9]

Water Vegetation

Backscattered
Radar Pulse

~~""" Ground Targets
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Lecture 4: Intro remote sensing

Satellite principles

» Radar & microwave
> EM waves “see” > A4
» Passive: like TIR (but no clouds)
» Active: Radio Detection And Ranging
» |-band 22 cm (soil moisture)
» C-band 7 cm (vegetation)

» X-band 2.5 cm (rain)
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Lecture 4: Intro remote sensing

Remote sensing

» |[IKONQOS / QuickBird
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Remote sensing "\ &

» Evaporation: SEBAL

shortwav e radiation longwave radiation Rut [11]
(emitted
R (1-5,)RLL longwave)
{incident « (reflected «
Rst o Rsi longwave) 7 longwave) s
(incident (reflected \)
shortwave) shortwav e)
S >

vegetation surface

Surface Energy Balance:

(1-a)R, +5 R, —£0T*=H+ET +G

Dry & wet
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W

Remote sensing
» Evaporation: SEBAL

Next week:

Wim
Bastiaanssen

Evapotranspiration
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Remote sensing

» Radar: Storage & flooding
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W

Remote sensing
» Radar: Scatterometer => Soil moisture

» ERS
» Envisat

> METOP

[13]
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Remote sensing
» Radar: Scatterometer => Soil moisture

» ERS
» Envisat
» METOP
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Remote sensing
» Radar: Scatterometer => Soil moisture
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Remote sensing

» Radar: Scatterometer => Soil moisture

3w 2W 1w 0° 1E 2E

5N Diurnal differences (dB)
0.00-0.18
wn ¢ 0.19-0.32
s 0.33-0.46
$ 0.47-0.99
BN ¢ 1.00-2.10

» ERS

L4AN

L3N

12N 12N

11N 1IN

LON 10N

ON 9N

8N

7N 7N

6N

5N 5N

CT5401 2012 Lecture 4

6W 5W AW 3w 2W 1w 0° 1E 2E 3E [16]
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Remote sensing
» Radar: Scatterometer => Soil moisture

» ERS

O=f(geometry, dielectric properties)

e geometry # diurnal
» dielectric properties change

e Water & trees

3
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Remote sensing
» Radar: Scatterometer => Soil moisture

» ERS

TREE WEIGHING!
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Remote sensing

» SMOS
» Passive L-Band
» Low resolution (40 km)

» Accuracy?

http://eopi.esa.int/esa/esa?e=XDgDwWZWFQdQmeVftkiIxJO2joY6j TAXKG6Xr
EBcwkAvOBP|KKBePQIfttoAPLY7Zn67UoTR1eKCPINEoJcwF99TrmaixH
yGlzTCTgmPIPCIRaMJgxZ9RMYgPGTPmMHyKycmb22IL0zAVMxsjyyCkf
MOME1jZC6YU4wmKXchu86F9ECVMAZF73Z4vel IMXkvWiug6OCEQg)jx
BPJIGVI26gy43TYQmuS5K9K5DbGskeoQreQ9y886HsztZmgvTXsvvvLtM9

ZodaN2GzRaDO0
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Remote sensing

» Future: SMOS & METOP!
» Combined use:

Vegetation & soill

(MSc thesis???)

5
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Remote sensing
» Radar: Rainfall

Intensity (mmhr)

TRMM Ground

Time (sec)
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COF ()



CT5401 2012 Lecture 4

5
Lecture 4: Intro remote sensing TUDelft

Remote sensing

> Radar: Altimetry Lake Volta Levels
80
> Lidar: Altimetry ICE —RUH
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earth.esa.int/riverandlake
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Remote sensing
» Radar: Interferometry

Ramon Hanssen

Lecture 4: Intro remote sensing

Stable

Deformation
. Outlier .
'® Autononic ’
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Remote sensing
» Radar: Storage & flooding

New research:

ALOS: L-band radar

Biesbos

Casamance

[17]
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Remote sensing

» Gravity: GRACE
GRACE - Annual Cosine

5
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GRACE - Annual Slne

Hydrology Annual Sine

-3 0
Geoid Height (mm)

[18]
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> Gravity:
GRACE

Remote sensing

15°

-15°

-30°

15°

00

-15° [~

-30° [}

February

0° =

- e 3

5
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270°

\ ‘
300°

330°

330° 270° 300°
[
12 9 6 -3 0 3 6 9 12

Geoid Height (mm)
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Overview satellites

Variable Satellite Principle Resol. Qual.
Rain MeteoSat, NOAA, ... Cloud Tem 2km+ Med
TRMM Rain radar 4km Good
Evaporation Landsat, ASTER, MODIS, ... SEBAL, .. 30m-1km Med
Soil moisture  ERS, ENVISAT C-Band 1 km+ Poor
Landsat, ASTER, MODIS, ... Thermal inertia  30m-1km Poor
TRMM Passive multi 45km Good
SMOS Passive L-band 50 km 27?7
METOP Scatterometer C 25 km Good
Storage Optical, radar Reflection H,0 30m High
Level TOPEX-POSEIDON, ENVISAT Radar altimetry NA High
Groundwater GRACE Gravity 400km High
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Image analysis
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Image analysis

5
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Image analysis

Image => Matrix
Row => Horizontal line
Column => Vertical line

Entry => Picture element (pixel)

3
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Lecture 4: Intro remote sensing

T

Image analysis

» Pre-processing:
- Georeferencing
- Atmospheric correction

- Image enhancement

> Processing
- NDVI
- Surface temperature

- Classification

3
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Image analysis
Color

Pixel => Number (DN), greyscale
Vietham TM Band 3

"“,'?&.‘ \

CT5401 2012 Lecture 4
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Image analysis

Vietham TM Band 1

CT5401 2012 Lecture 4
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Image analysis
Vietham TM Band 1

l\'

Vietnam M Band 2

CT5401 2012 Lecture 4
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Image analysis
Vietham TM Band 1

Vietham TM Band 2

Vietham TM Band 3
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Image analysis

Color

5
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Lecture 4: Intro remote sensing

l’f |

Image analysis

Color

3
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Image analysis
Color

Green => Blue, Red => Green, NIR => Red

. - s t--—' . "
- . ‘
LR g L
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5 ¥ F -
. !
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Image analysis

Landsat 7 (ETM+) bands
(wavelengths in micrometers)

CT5401 2012 Lecture 4

Band 1
Band 2
Band 3
Band 4
Band 5
Band 6
Band 7
Band 8

“x= Lecture 4: Intro remote sensing

0.45-0.52
0.53-0.61
0.63-0.69
0.75-0.90
1.55-1.75
10.4-12.5
2.09-2.35
0.52-0.90

Blue-Green

Green (often mapped to Blue)
Red (often mapped to Green)
Near IR (often mapped to Red)
Mid-IR

Thermal IR

Short Wave IR

Panchromatic

5
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Image analysis

Operators
Multiply, add, subtract, ...

If ..., then ... (Boolean)

Convolution / filters

Almost like matrix math (pixel by pixel)
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JEE Lecture 4: Intro remote sensing

Image analysis

Operators

Vietham TM Band 3

,;-.h-. - : . l‘__&’ \

-
T
e, )

5
TUDelft



CT5401 2012 Lecture 4

-5 Lecture 4: Intro remote sensing
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Image analysis

Operators

Vietham TM Band 4

ca

‘8

Near Infrared (NIR)
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E Lecture 4: Intro remote sensing
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Image analysis

Operators VIR
I —— Dry bare soil
50— — WVegetation
— Water
% -
40—
g
B oo
o
T 20—
0— T l 1 l I l I [ [
0.4 o8 10 T2 I'4 16 1& 20 22 24 26
Wavelengths (pum) -
Red

NDVI=(NIR-Red) / (NIR+Red)
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Image analysis

Operators
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Image analysis

Operators
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Image analysis

Operators

Density slicing => classification

NDVI>0.15 => Forest (red)
NDVI<0.15 => Other (black)

e 2
TUDelft
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Lecture 4: Intro remote sensing

Image analysis

Classification
Histogram
Graph Type Mode Summary Statistics
(+ Bar Graph & NonCumulative Class width:  0.003 df : 146999
~ 1 h Display min:  -0.318 Actual min : -0.318
el - i Display max: 0.358 Actualmax:  0.358
" Area Graph ) Cumulalive Mean : 0.019 Standard dev : 0.152

Histogram of vietndvi

3,500
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2,000
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1.000
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ol ,.al Illuuumll“ lllllu..,,,,,,
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Lecture 4: Intro remote sensing

Image analysis

Classification
Histogram
Graph Type Mode Summary Statistics
(+ Bar Graph & NonCumulative Class width:  0.003 df : 146999
~ 1 h Display min:  -0.318 Actual min : -0.318
el - i Display max: 0.358 Actualmax:  0.358
" Area Graph ) Cumulalive Mean : 0.019 Standard dev : 0.152

Histogram of vietndvi
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Image analysis

Classification

Histogram

NDVI<-0.15 => Water (red)
NDVI>-0.15 => Other (black)

e 2
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W‘

Image analysis
Classification
- Automatic (cluster analysis)
- Supervised
- Parallelepiped
- Minimum distance

- Maximum Likelihood

3
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§ Lecture 4: Intro remote sensing
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Image analysis

Classification / Maximum Likelihood
Histogram of vietndvi

3ooo-f |
2000
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1000 | | | ]
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Image analysis

Classification / Maximum Likelihood

3ooo-f | |
2,000
1, ‘00 ' '
1, 000 | |
Joo~ I' |
o] .,ll '|||

-0.31-027 -022 -017 -0.12 -0.07 -0020.02 006 0.10.13 01702023 0270.30.33

Histogram of vietndvi
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W‘

Image analysis

Classification / Maximum Likelihood

e Multi-band analysis

e Assume normal distribution

« Use training sets => avg, sd, cov

» Determine likelihoods per class (take max)

e Some pixels may remain undetermined

3
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i

Image analysis

Classification / Maximum Likelihood
255

Band 3

Woods ’
Water ﬁ Tegetation

Band 2

[25]
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Image analysis

Classification / Maximum Likelihood

Equi-probability contours as used in
Maximum Likelihood classification

[26]

5
TUDelft



* 1o classA:small

.

classification in ¢l

assumption of multi variate

/ normal distribution
classA

band|

Concept of Maximum Likelihood Method
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‘i Lecture 4: Intro remote sensing

W‘

Image analysis

Classification / Maximum Likelihood
Steps

1. Select test sets

2. Determine statistics

3. Classify complete image

3
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Image analysis

) g Lecture 4: Intro remote sensing

CIaSS|f|cat|on / MaX|mum Likelihood

2 & -~
Original Image

Typical result

Classified Image

[28]
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'i Lecture 4: Intro remote sensing

W‘

Exercise

Mapping small reservoirs in Burkina Faso

e Assignment on Blackboard (Lecture3)
 Read assignment

 Make assignment

3
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Exercise

Mapping small reservoirs in Burkina Faso

Why:

www.smallreservoirs.org
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Exercise

Mapping small reservoirs in Burkina Faso

Jens Liebe

3
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Exercise

Mapping small reservoirs in Burkina Faso

Many shapes...

CT5401 2012 Lecture 4
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Exercise

Mapping small reservoirs in Burkina Faso

Bathymetric survey of sixty reservoirs

CT5401 2012 Lecture 4
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'ig Lecture 4: Intro remote sensing
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Exercise
Mapping small reservoirs in Burkina Faso

Many shapes... one equation!

logArea(Field) vs logVolume

logVolume (m?)

N oW s o O
N Wb OO O OO
»

3.5 4 45 5 5.5 6
logArea(Field) (m?)

W

Volume = 0.00857 = Area' % [1113 |
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‘i Lecture 4: Intro remote sensing

W‘

Exercise

Mapping small reservoirs in Burkina Faso

Remote sensing (Landsat, radar) => Volume!

3
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Exercise

Mapping small reservoirs in Burkina Faso

Reservoir Size Distribution
(> 1ha, w/o Tono & Vea)

1.6

1.4 SR
o 1.2 .
£ —&—|og Reservoir Area
Nos | |
? 55 = |_inear (log Reservoir
& 0'4 Area)

O-g ‘ y = 0.0082x + 0.0276

R* = 0.9906

1 17 33 49 65 81 97 113 129 145
No.

CT5401 2012 Lecture 4
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'i Lecture 4: Intro remote sensing

W‘

Exercise

How to map open water?

Color composite

Test areas (many!)

e Maximimum Likelihood

Contiguity
Hand check...

3
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4= Lecture 4: Intro remote sensing TUDelft
=3

r —

How to map open water?
Color composite

 Band 4 => Blue

e Band 5 => Green

e Band 3 => Red

(Windows)
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‘& Lecture 4: Intro remote sensing

e —

CT5401 2012 Lecture 4

Exercise

How to map open water?
Test areas

o Sediment

e Clear water
 Non-water!

e Shades & burn scars

3
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Intro remote sens

4
(D)
-
-
i’
O
()
—

ISE

Exerc

?

How to map open water

Test areas
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Exercise
How to map open water?
Test areas R (R R

e Use database

q
(D)
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)
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3

¥

20 B -ﬁ‘ Lecture 4: Intro remote sensing

Exercise

How to map open water?
Test areas

 Use database

e ZOOM IN

5
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Exercise

How to map open water?

Test areas:

128 —

MANY different ones!

o E— I T I 1 1

0 16 32 48 64 80 096
FEATURE SPACE BAND 1 AND BAND 2

5
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L
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Lecture 4: Intro remote sensing

i

Exercise
How to map open water?

Test areas: MANY difer&nt omel (Gaussian)

128 — / \
7PN \

e
1 4 : V4
‘:I \ y —'/ ’
O /T J I T |

0 16 32 48 64 80 096
FEATURE SPACE BAND 1 AND BAND 2

3
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+- @@ Conversion Tools A
+ &P Data Management Tools
+ Geocoding Tools

HOW to map Open Waterr) + g Geostatistical Analyst Tools
+- @ Linear Referencing Tools
+- @@ Network Analyst Tools
+ ﬁ Samples
-)- &P Spatial Analyst Tools

+ % Conditional

+ & Density

+ % Distance

+ @ Extraction
Use test areas 4 & Generalization
+ @ Groundwater
: : : +- & Hydrology
for maximum likelihood... : %imerlpouau—m
+ oca

+ & Map Algebra

+ E Math

- @ Multivariate
#° Band Collection Statistics
A Class Probability
A Create Signatures

#* Dendrogram

Exercise

A Iso Cluster
A Maximum Likelihood Classification

&+
+
+

4

Overlay
Raster Creation
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Exercise —r

[£§ ArcToolbox A
r) + &P 30 Analyst Tools
HOW tO map Open Water - + @ Analysis Tools
&P Cartography Tools

+ @ Conversion Tools
+ & Data Management Tools
+ &P Geocoding Tools
+ & Geostatistical Analyst Tools
- + &P Linear Referencing Tools
Small reservoirs: @ Network Analyst Tods
+ &P Samples
- &P Spatial Analyst Tools

+ % Conditional

e Contiguous set of 2 & bensty

+ % Distance

“water” pixels + & Exracton

- @ Generalization

/A Aggregate
}" Boundary Clean

* Find contiguous sets
(disgard rest)

¥ Majority Filter
A Nibble
) Region Group

hrink
e “Region Groups” b 8 Groumdwater

¥ @ Hydrology

+ @ Interpolation

+ @ Local

+ % Map Algebra

+ & Math

- &

+ B Neinhhnarhnnd

SR T E =
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Exercise

How to map open water?

Small reservoirs, sometimes:
e Single (noisy) pixels
e River
ers Hand
e Reservoirs “cut” in two check!

e (Burn scars / dark objects)

CT5401 2012 Lecture 4
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*E Lecture 4: Intro remote sensing

vy
Py,

Exercise

How to map open water?

1'% 100 x4

000

Distribution of Measured Reservoirs

Oy

\

h "
\
\
\'.
N \
» * 3 \\_ ‘
— |
s w
» c A 50 Miorwies

[+) Cotogory J

oC.00

Lper Ened Region

[ | samwweasr
BAMNY WEST
L souGATANGA

SuLsA
[ ] xassena smmeare

o o

FINAL PRODUCT... (table)
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Sources images

[1] The Electromagnetic Spectrum, source: HyperPhysics Georgia State University, image courtesy of C.R. Nave
[2] Near Infrared Satellite image, source: unknown

[3] Spectral reflectance, source: University of Calgary

[4] Photosynthesis, source: unknown

[5] Africa, source: unknown

[6] Visible spectrum from Planck's formula, source: HyperPhysics

[7] Radar image of hurricane Katrina, source: ncdc.noaa.gov

[8] Synthetic Aperture Radar (SAR), source: CRISP, Singapore

[9] Reflections from a surface, source: Light Measurement Handbook, Alex Ryer

[10] Images from the IKONOS Quickbird satellite, source: Satellite Imaging Corporation
[11] Evaporation, source: WaterWatch

[12] Radar images, source: unknown

[13] MetOp satellite, source: ESA

[14] Crop performance, source: Drymon.biz

[15] Average backscatter of soil moisture, source: unknown

[16] Diurnal differences of soil moisture, source: unknown

[17] Casamance, source: unknown

[18] Images from the GRACE satellite, source: NASA & DLR

[19] Satellite image of Vietnam with TM band 3, source: unknown

[20] Satellite image of Vietnam with TM band 1, source: unknown

[21] Satellite image of Vietnam with TM band 2, source: unknown

[22] Satellite image of Vietnam in color, source: unknown

[23] Additive color, source: unknown

[24] Satellite image of Vietnam with Near Infrared, source: unknown

[25] Maximum Likelihood Supervised Classified procedure, source: Eastman, 2001

[26] Equi-probability contours, source: unknown

[27] Maximum likelihood method, source: Remote Sensing Notes, JARS 1999

[28] Image Classification using Maximum likelihood classification technique, source: bhugolgis.com
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