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General presentation of Libya-4
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f Wh/é're is located the LIBYA-4 site?
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Libya-4 site location
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Comparison of the “LIBYA-4" sites

D f t ofthe |l IRVA A cite for the narticinante of the workehon:
e Inl |Onu1 LI 1D I/ = olItc 1UT U1'1TC paltlblpallto Ul U1C VVUII\OIIU[J.

Lat min | Lat max | Lon min | Lon max
STFC ~

DMCI] /; Cosnefroy et al (0.5°) 28.05 29.05 22.89 23.89

DIMITRI / CNES Standard (0.45°) | 28.10 29.00 22.94 23.84

CNES Small (0.1°) 28.45 |28.65 23.29 |23.49
LANDSAT/MODIS | 28.45 | 28.65 |23.29 |23.49

(NASA)

EUMETSAT 28.46 | 28.61 |23.30 |23.45

SDState 27.991 |29.754 | 23.127 |24.862

VITO 28.45 28,62 2327 |23.48

»
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Useful but not very easy to compare!!!



Comparison of the “LIBYA-4" sites
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Comparison of the “LIBYA-4" sites
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Comparison of the “LIBYA-4" sites
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§|6atia| & temporal uniformity

Bruno Lafrance, Patrice Henry
CS CNES

CEOS/IVOS Libya-4 Workshop Paris, France, 4-5 October 2012



11

@ Calibration-

Rationale for a uniform site

amount o

eLowestis

® A good spatial uniformity of the site is mandatory to cope with

4+ Sensors
4+ Extractio

+Differenc
» Pleiades — 20 km
» SPOT — 60 km

100 km (full site coverage)

» VGT —

@ Spatial ur

niformity has to be analyzed over time series

o

ates
the spatial and temporal variability, best is the statistica
location unaccuracy

n method approximations
e of sensors footprint over the site

al validity
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Spatial uniformity

@ Standard'deviation computed over Name 443nm | 665nm || 865nm
the whole image (TOA) of the site Mali-1 2:3% 2:0% L%
Sudan-1 2.7% 2.1% 2.0%
Arabia-1 2.6% 2.1% 2.3%

[ Arabiaz | |  35% | 18% || 17% |
Sensor Blue | Green Red NIR SWIR Egypt-1 4.0% 1.8% 1.6%
VGT1 2.5% NA 2.1% 2.0% 1.6% Libya-4 2.6% 2.6% 2.3%

VGT2 24% | NA | 22% | 1.9% | 1.6% T Niger2 | | 22% | 28% || 28% |
MERIS 2.3% 2.7% 2.4% 2.2% NA Algeria-1 3.0% 2.6% 2.7%
MODIS 1.9% 2.3% 2.3% 2.0% 1.4% Algeria-5 2.9% 3.0% 2.7%

seaWiFs | 1.0% | 2.4% | 2.2% | 2.0% | Na [ Mauritania- | | 41% | 24% || 22% |
Parasol 2.2% 1.8% 1.6% 1.4% NA Niger-1 3.6% 3.0% 2.7%
Algeria-3 4.8% 2.4% 2.6%

[ Mauritania-2 | | 38% | 3.3% || 29% |
= very good uniformity of the site Libya-1 3.5% 3.5% 3.6%
Algeria-2 4.5% 3.1% 3.1%

" Nigers | |  44% | 38% || 37% |
eLibya-4 is one of the most uniform Libya-3 4.7% 3.8% 3.8%
Algeria-4 5.9% 3.4% 3.7%

desert site " Tibyaz | | 69w | _31% |  31% |
Arabia-3 8.8% 3.7% 4.3%

Relative standard deviation on the TOA reflectanci/
over the site for a 4-years MERIS archive (in %)

Ccnes
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Data used for homogeneity analysis

® AQUA / MODIS images
4+1 km resolution
4+ Use of 4 spectral bands

» Blue band 3 470 nm
» Green band 4 555 nm
» Red band 1 650 nm
» NIR band 2 865 nm

4+59 acquisitions in 2009 (January to October)

4+ Cloud filtering by using the MODIS cloud mask— 25 acquisitions used (cloud
free)

@ Some THEOS images (15 m) used to check the uniformity at high
resolution range

/

Pl é
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pBi, subaera

Method < TOA >

Longitude A

® Subaera definition
415 x 15 Ssubarea of 20km side
4+ Shift of 5 km between two subareas

Latitude

® Calculation of mean reflectance for 100 km

4+ The site
4+ Each 225 subareas

@ Spectral and temporal parameters

4+ Spectral parameter

> Relative Root Mean Square between
1 & <pTQA >— <pT9'°_‘ > reflectance of the site and feflectance
Bi, subaera Bi, site
RMS (d,SlJb)z — X of the subarea
4 ‘3 <p£?';‘te> — combines the spectral information
’ (by date of acquisition, by subarea)

+Temporal parameter

TRMS (sub): \/%XZN: R|\/|82 (d, sub) Temporal Relative Root Mean Square /
d=1

— adds the temporal information (by

subarea) é
CEOS/IVOS Libya-4 Workshop Paris, France, 4-5 October 2012 ’%\ cnes



Results

2481

Latitude ()

24.4 -

Latitude (%)

242

240

230D

257 23 4 535 238 P I T S SR S S A SN SR N S T |

Langitude (®) 13.0 132 13.4u 13.8 13.8
Libye_4 Longitude (™)
Libye_1

TRMS value : Root Mean Algeria 5

Square over the temporal set

® A site with a good homogeneity g _
@ Very simi ]
size of 20 km and 30 km

Longitude (®)
Algerie_5

»
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@ Similar unifermity signature for the

different spe
4+ Slight evolu
4+Subareas al

reflectance

Name

Mali 1
Algeria 5

Algeria 1
Algeria 2
Arabia 2
Arabia 1

Mauritania 2
Algeria 3

Algeria 4
Arabia 3

16

Uniformity in the spectral range

ctral bands
tion from PIR to blue

nd whole image mean
difference < 0.025

® From spatial,

temporal and
spectral point of
views, Libya-4 is
classified as an
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Site homogeneity: comparison between Libya 4 and Niger 2

LIBYA 4 _ _ NIGER_ 2
Pleiades_ 1A images

»
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f . Structure and DTM

Patrice Henry
CNES
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Site altitude: Libya-4 vs other desert sites
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Libya-4 has the lowest altitude among all desert sites and small

altitude variation
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Site DTM: Libya-4 vs other desert sites

MMMMMMMMMM

': '.‘ \ lll‘" 1 ;ill"\ \
11t

AT
Mali-1 DTM (SRTM) Libya-4 DTM (SRTM) Niger-3 DTM (SRTM)
Altmoy. stdev min. max. Altmoy. stdev min. max. Altmoy. stdev min. max.
304.0 6. 271 342 123.4 179 66 215 645.2 33.2 518 932

Libya-4 is not the most flat but much better than some other sites...

/

»
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Elevation: comparison between Libya-4 and Algeria-3

Alt Alt Alt Alt Alt Alt Alt Alt
aver. [ [ stdev | min. | max. aver. stdev | min.] [ max;
122.7 18.7 64 222 235.4 35.8 142 || 484

LIBYA-4 DTM (SRTM)
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‘ Bri)q'ﬁtness and spectral behaviour

Bertrand Fougnie, Patrice Henry
CNES
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Site brightness: comparison between Libya 4 and Niger 2

LIBYA-4 _ _ NIGER-2
Pleiades-1A images
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Mean reflectance

Name 443 nm 665 nm 865 nm Name 443 nm 665 nm 865 nm
Libya-1 0.141 0.556 0.649 Libya-4 0.190 0.530 0.624
Libya-2 0.187 0.539 0.632 Libya-2 0.187 0.539 0.632

_Agerias__| || 0110 | o056 | oes_ | | Foyprl _ | | _ 0185 _ | 0518 | 0617 _
Libya-4 0.190 0.530 0.624 Mali-1 0.181 0.538 0.619
Mali-1 0.181 0.538 0.619 Niger-1 0.163 0.531 0.618

| _ Niger1 | || 0163 _ | 0531 | 0618 _ | _Sudan-t_ | | o163 | 0482 | 0565 _
Egypt-1 0.185 0.518 0.617 Arabia-2 0.161 0.463 0.539
Mauritania-1 0.147 0.515 0.606 Niger-2 0.150 0.449 0.529

| _Algeriaa_ | | 0.130 _ | 0495 | 0591 _ | Mauritaniat | | 0147 | 0515 | 0606__
Mauritania-2 0.119 0.484 0.578 Algeria-1 0.144 0.430 0.515
Libya-3 0.123 0.496 0.577 Libya-1 0.141 0.556 0.649

| _Ageria3_ | || 0.106_ | 0485 | 0576 _ | _Aabiat_ | | o141 | 0467 | 0556 _
Sudan-1 0.163 0.482 0.565 Algeria-2 0.140 0.479 0.563
Algeria-2 0.140 0.479 0.563 Niger-3 0.140 0.435 0.513

| _Ambiai_ | | 0.141_ | _ 0467 | 055%__ | _Ambia3_ | | 0135 | o417 | o498 _
Arabia-2 0.161 0.463 0.539 Algeria-4 0.130 0.495 0.591
Niger-2 0.150 0.449 0.529 Libya-3 0.123 0.496 0.577

| _Ageriat_ | || 0.144 | 0430 | o0515__ | Mauritania2 | | o119 | 0484 | 0578 _
Niger-3 0.140 0.435 0.513 Algeria-5 0.110 0.526 0.625
Arabia-3 0.135 0.417 0.498 Algeria-3 0.106 0.485 0.576

Sites listed from the brighter to
the darker in band 865 nm

Sites listed from the brighter to

the darker in band 443 nm

Mean reflectance computed over a
4-year time series of MERIS data

CEOS/IVOS Libya-4 Workshop Paris, France, 4-5 October 2012




Surface reflectance

Magnitude and spectral behaviour

® Magnitude :

4+ BOA mean values derived from MERIS (2006-2009) and MODIS (2002-2011)

4+ compared to other desert sites :
» the brighter site in blue - R(443)=0.

» one of the brighter sites in NIR - R(865)=0.625

2

» relatively common in SWIR — R(1640)=0.72

0.8
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Alg-4 Mau-2
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e Sou-1 Alg-2
| = Ara-1 Ara-2
= —Nig-2 —Alg-1
i — =— Nig-3 — —-Ara-3
0.0 s I I
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Wavelength (nm)
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Magnitude and spectral behaviour

® Spectral ratio — normalized by 670nm
+ BOA mean values derived from MERIS (2006-2009) and MODIS (2002-2011)

18 7

MODIS

1.2

Normalized surface reflectance
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—_ o —— Niger 3 Niger 2 L
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Directional behaviour

Patrice Henry
CNES
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How to illustrate directional effects?

eIn time series, directional effect are induced both by the variety of sun angles
and viewi"rigm angles = difficult to display in a 2D illustration
@ Directional effect due to the sun can be showed through a plot of the
reflectance along the year for a given viewing direction
@In a second step the different selected viewing directions can be compared

4+ For practical reason,
most of the satellites
have a cycling orbit:
identical overpass after
‘N’ days

+The ideais o put
together all the data
acquired for a given day
of this orbit cycle (Jn)

+Example: SPOT cycle
duration = 26 days

»
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VGT2 TOA Reflectance vs Day of Year

J10 ; Ov=-54°
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VGT2 TOA Reflectance vs Day of Year

J18 ; Ov =+23°
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How to illustrate directional effects?

®Because the length of the SPOT satellite cycle
+Poor teh;boral coverage over the year (even with 10 years of data)
+Directional effect due to viewing conditions difficult to appreciate
+Very poor coverage when plotting over 10 years

A e A I i

% After_ 5 da_lys SPOT_ov_erpass i i //;;V!j’/f? ;:'/y_r/;;,
the site with near similar 0w grond e sy 0 / ,:;- // / £

o - Veieaimaiedy et /) 7
viewing conditions 7 f //’ / ‘4/
+Theideais to gather data / / ,;: % /, /)
acquired for 1day of the orbit / / / / /{“ z_’:
cycle with data acquired / / / / 4{
during the same day of the ”'/ / / /."
previous and the next

subcycles: Jn-5/In/Jn+5 ///// ///

same day of 3 successwe subcycles
Ccnes
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year

J12-J17-)22 ; -17.7°>0Ov > -3.6°

0.900

0.800

0.700

[ ] o @
@f opfs eubse WA SOIN 10801 S0 CNIe 10 hatn W aPe cettr cng 1
0.600 L *
¢ °
g ]
e i (4 °Q S ® °
% 0.500 A - . . .
® °
E oo P8 affe ®abe n° % 2009 2300y 2 Q0 R gt cPve o280 sugte ool 4 o B2
£ | e B3
® MIR
0.300
N ([ J .. ' °

a0 WO when Sugoe @ eeBim S0B0. MNP’ GERe “000S S0se WS R ® SEPRe ool oo

0.100

0.000 T T T T T

20-Jan 19-Feb 20-Mar 19-Apr 19-May 18-Jun 18-Jul 17-Aug 16-Sep 16-Oct 15-Nov 15-Dec
DoY
Ccnes

37 CEOS/IVOS Libya-4 Workshop Paris, France, 4-5 October 2012




VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Day of Year
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VGT2 TOA Reflectance vs Date
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VGT2 BOA Reflectance vs Date
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VGT1 TOA Reflectance vs Date
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VGT1 BOA Reflectance vs Date
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Short and long term stability
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48

MODIS time series over Libya-4

® Time series of MODIS TOA reflectances over the archive 2002-2011
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VGT2 TOA Reflectance vs Date

VGT2 - Libya 4 - TOA Reflectance
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VGT2 BOA Reflectance vs Date

VGT2 - Libya 4 - BOA Reflectance
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VGT2 BOA Reflectance vs Date (sub-cycles)
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TOA reflectance

52

MODIS BOA Reflectance vs Date (1 day of the cycle)
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VGT1 BOA Reflectance vs Date (sub-cycles)
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Cloud coverage
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Nb of acquisitions

VGT2 acquisitions per month

VGT2 clear sky acquisitions

30

25 4

20

15

10

0 T T T ’ 7 ’ ’ 7 7 ’ ’ 7
Q'LQ%Q’LQ%Q%Q%Q%&Q&&&&@69%060@&509«6\«@&@@&@@@&@,\9\9@\,\;\,\,'»\;L,\;L,Q,
&* e" <« @’5\ e° & V@ e° < &* e" <« &* v\° «© V@ e° & ‘@ e" < &* e° «© @@\ e° & V@ $° < &* /

A clear seasonal signature with some year particularities

55 CEOS/IVOS Libya-4 Workshop Paris, France, 4-5 October 2012

Ccnes



Cloud coverage estimation
L —

% of VGT2 clear sky acquisitions per month
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Month number

* percentage per month m month average = — — total average
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