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Results of Sensor
comparison using Tuz Golu
salt lake, Ankara, Turkey



Objective

 The objective is to compare the satellite
data using a methodology (Mackin, et. al.,
2010) that removes biases due to sun-
target-sensor geometry and atmospheric
effects, so that different sensors with
different overpass times and different
spatial and spectral characteristics
collected on different days over the same
site can be directly compared.



Site Description

Landnet Slte Tuz golu salt lake
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Location: 38 50’N, 33 20’E
Central Anatolia, Turkey

Elevation: 907 m
Total area: 1964 km?
Surface type: Salt lake

Atmospheric conditions: Sunny and
mostlycloud-free in dry season (July-
August). Low aerosol loading.

Properties: A bright natural target, free of
vegetation.

It is extremely saline and during the
summer %95 of water in the lake dries up
and exposes an average of 30-80 cm
thick salt layer.



SENSOR COMPARISON
STUDY




Sensor Comparison Study

* Ground-based spectral measurements
collected during the field measurement
campaign in August 2009 at the Tuz Golu,
calibration test site in Turkey, are
compared with satellite data of low and
medium resolution sensors using a
methodology (Mackin, et. al., 2010) that
removes biases due to sun-target-sensor
geometry and atmospheric effects.



Comparison Methodology

Ground measurements (350-2500 nm) satellite data (Meris, Proba
from test sites (M1, M2, M3, 1x1km2) Chris, Beijing1)
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Measurement Site of 2009 Campaign




Sensor Comparison Study

» The ground reflectance values were obtained
with the ASD Fieldspec3 spectroradiometer

during 25th August— 01st September 2009 field
campaign




Sensor Comparison Study

« BRDF measurements are done by the GRASS
instrument (NPL)

 Atmospheric data has been collected with the
CIMEL (CNES) and MICROTOPS (DLR)

sunphotometers
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Satellite Data: MERIS

Acquisition Date 29 August 2009
Acquisition Time (UTC) 08:17
Solar zenith angle 35,85°
Solar azimuth angle 139,49°
View zenith angle 4,59°
View azimuth angle 284 .4°
Measurement site 1kmx1km
Spectral Conditions: 0.39 - 1.04 mm
Green 0.55um - 0.57um (b5)
Red 0.655um - 0.688um (b7-b8)
NIR 0.763um - 0.91um (b12-b15)
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Satellite Data: Beljing

Acquisition Date 25 August 2009 | 30 August 2009
Acquisition Time (UTC) 07:22 07:26
Solar zenith angle 42,92° 43,36°
Solar azimuth angle 121,02° 124,18°
View zenith angle 11,12° 3,91°
View azimuth angle 79,27° 79,45°
Measurement site M2 M3

Spectral Conditions:
Green 0.52um - 0.60um (B1)
Red 0.63um - 0.69um (B2)
NIR 0.77um - 0.90um (B3)

The DMC Beijing1 data are converted to a radiance
image using the formula below:
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Satellite Data: Proba CHRIS

| [1] CHRIS/Proba - Mode 1 RGB Acquisition Date 25 August 2009
Acquisition Time (UTC) 07:46
Solar zenith angle 39,00°
Solar azimuth angle 127,78°
View zenith angle 4,20°
View azimuth angle 196,94°
Measurement site M2
Spectral Conditions: 0.41-0.99 mm
Green 0.515um - 0.609um (b10-b18)
Red 0.627um - 0.694pum (b21-b28)
NIR 0.766um - 0.91um (b40-b54)

UZAY




Anisotropic Reflectance Factor

* AREF is a ratio of the average reflectance across
the whole hemisphere for that particular spectral
band, divided by the nadir measured reflectance
for that particular band.

 The aim of this calculation is to convert from the
measured TOA Reflectance which suffers from
BRDF effects to an Isotropic Equivalent
Reflectance (IER).



A Non-lambertian Surface

Reflectance factor
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Green Band

Red Band

Spectral range

NIR Band

i 25.08.2009 Ground measurements (Beijingl)
s 30.08.2003 Ground measurements (Beijingl)
mglpe 25.08.2009 Ground measurements (Proba Chris)
e 79.09.2003 Ground measurements (Meris)

i 75,08, 2009 Brdf (Proba Chiris)

=@=28,08.2009 Brdf (Meris)

e 25,008.2009 Brdf (Beijingl)

e 28,08.2009 Brdlf (Beijingl)
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Sensor Comparison Study

* TOA reflectances and TOA radiances of
each satellite image are acquired from the
sample measurement areas of the Tuz
Golu test site using the radiative transfer
code 6S (Second Simulation of a Satellite
Signal in the Solar Spectrum).
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Input for 6S5* Radiative Transfer Code

Satellite
Acquisition Date
Acquisition Time (UTC)

Ground measurements test site and duration (UTC

month

day

solar zenith angle (deg)
solar azimuthal angle (deg)
view zenith angle (deg)
view azimuthal angle (deg)
BRDF:

Relative azimuth (deg)
BRDF data file

Camera

IAtmospheric Model:

\Water content

ozone content

aerosols model

aerosol optical depth (550 nm)
Spectral Conditions:

Green

Red

NIR

Sensor and Target Altitude:
Sensor Altitude [km]
[Target Altitude [km]

Ground Reflectance:

Reflectance (Uniform Lambertian surface)

25
12,92
121,02
11,12
79,27

11,75
25.08.2009, 08:09 file
P, 1

1.45 cm
0.29 cm-atm /290 DU

Continental
0.14

0.52um - 0.60um
0.63um - 0.69um
0.77um - 0.90um

6586
0.907

Proba CHRIS
25.08.2009

07:46:26
M2 AREA
07:00 - 08:00

8

25
39,00
127,78
4,20
196,94

-69,16
25.08.2009, 08:09 file
4,0

1.45cm

0.29 cm-atm /290 DU
Continental

0.14

0.41-0.99 mm

0.515um - 0.609um (b10-b18)
0.627pm - 0.694pum (b21-b28)
0.766um - 0.91um (b40-b54)

547
0.907

[Homogenous surface & Homogenous surface & with
with directional effects directional effects

M2 Area data

M2 Area data

Meris
29.08.2009

08:17:32
1km*1km AREA

8

29
35,85
139,49
4,59
284,4

-144,91
28.08.2009, 06:29 file
4,0

1,13 g/cm2 (25,27,28.08.09)
0.29 cm-atm /290 DU

Continental

0,1 (25,27,28.08.09)

0.39 - 1.04 mm

0.55um - 0.57um (b5)
0.655um - 0.688um (b7-b8)
0.763um - 0.91um (b12-b15)

800
0.907

Homogenous surface & with
directional effects

Ground data 27.08.09 of 1km2
Area

Beijing 1
30.08.2009
07:26:39

M3 Area
07:05-08:16

8

30
43,3558
124,18
3,906
79,45

44,73
28.08.2009, 06:29 file
4,0

1,13 cm
0.29 cm-atm /290 DU

Continental
0.1

0.52um - 0.60um
0.63um - 0.69um
0.77pm - 0.90um

686
0.907

Homogenous surface &
with directional effects

M3 Area Data



http://6s.ltdri.org/index.html

Beijing1, 25.08.2009

TOA Reflectance
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Red (630-690 nm) NIR (770-900 nm)
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e Vean TOA Reflectance (Beijingl)
=== Corrected Satellite TOA Reflectance (Beijingl)
=i 55 reflectance at satellite level
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Proba Chris, 25.08.2009

TOA Reflectance

0,70

0,65

0,60

0,35

0,30

0,45

Green (515-610 nm)

Red (628-656 nm)

Spectral range

NIR (768-912 nm)

=== \2an TOA Reflectance (Proba Chris)

=il Corrected Satellite TOA Reflectance (Proba
Chiris)

==l 55 reflectance at satellite level
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Meris, 29.08.2009

TOA Reflectance

0,70

0,63

0,60

0,55

0,50

0,45

Green (350-570 nm)

Red (655-688 nm) NIR (763-910 nm)

Spectral range

s Wean TOA Reflectance (Meris)

w=lll==Corrected Satellite TOA Reflectance (Meris)

=65 reflectance at satellite level

29.09.2009
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Satellite data

Arf corrected

Satellite Arf
data corrected

Non Arf
corrected




Beijing1, 30.08.2009

TOA Reflectance

0,70

0,65

0,60

0,35

0,50

0,45

Green (520-600 nm)

Red (630-690 nm)

Spectral range

NIR (770-900 nm)

s Vean TOA Reflectance (Beijingl)

=== Corrected Satellite TOA Reflectance |Beijingl)

==l 55 reflectance at satellite level

30.08.2009
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Satellite data

Arf corrected

Satellite data Arf corrected

Non Arf
corrected




Discussion

« Comparison of ground based
measurements with satellite images

— The differences of satellite derived TOA
values from 6S predicted are less than 8%. In

case of DMC images even less than 5%.
(ARF applied)

— The differences of satellite derived TOA
values from 6S predicted are less than 13%.

In case of DMC images even less than 10%.
(Non ARF applied)



Discussion

» Although the ARF application removed biases
due to sun-target-sensor geometry and
atmospheric effects, in this study the advantage
of the method is not clear to see for Meris data.

 This could be due to:
— |low resolution of the satellite

— there is no BRDF data (28.08.2009) for the
day of Meris data (29.08.2009) acquisition

— the ground measurement data is collected on
the 27.08.2009

~+ Again this method did not work well for the green
Y bands of Proba Chris and Meris data.
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* |sotropic equivalent reflectances of different
sSensor:

0,70

0,65

0,60

0,55

0,20

Green Band

Red Band

MIR Band

=i Corrected Satellite TOA Reflectance
{Beijingl, 25.08.2008)

=f==Carrected Satellite TOA Reflectance
(Beijingl, 30.08.2003)

=== Corrected Satellite TOA Reflectance (Proba
Chiris)

=e=Corrected Satellite TOA Reflactance {Meris)




Conclusion

* For a non-lambertian surface, in all likelihood the
nadir reflectance will be less than expected and
be dependent on the solar zenith and relative
azimuth and the view zenith.

* The best way is to convert the values to an
Anisotropic Reflectance Factor and then
determine the scaling factor to the TOA
Reflectance to be applied to each data set.

* This removes biases due to sun-target-sensor
geometry and atmospheric effects up to 5%.



Aircraft Data: HYMAP

Tuz GoOlu HyMap campaign 01.09.2010

Line-# Time Flight azimuth Flight altitude | Solar zenith | Solar azimuth
(UTC) (0° =N, 180°=S) (asl)
1 8:54 359° 3600 m 23.9° 146.4°
2 9:14 0° 3600 m 21.8° 158.0°
o 3 8:46 179° 3600 m 24.9° 142.3°
w@ 4 9:04 179° 3600 m 22.7° 152.0°
_ iR 5 8:35 0° 3600 m 26.4° 137.1°
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