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Statistic analysis of the time-series

N

The covariance matrix have been evaluated using the available monthly time-series MODIS
acquisitions from 2005 to 2009:

Sub-area selection
MODIS ORIGINAL (box of 21 x 21 Km

IMAGES

around Venice station) ——
ENEREENENEEEE 151 images 8 frames '
Feb Yes s 143 images
Mar Yes s 156 images

144 images
275 images
148 images
149 images
154 images
365 images
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------ == 150 images

+ Uncertainly map of 21km?
(historical covariance)

29 frames
27 frames
30 frames
73 frames
32 frames
46 frames
52 frames
81 frames
29 frames
16 frames
15 frames

+ Covariance of the time series;

+ Mean of the time series.

Lt
il

The historical covariance map (C,,s7) represents the pixels standard deviation of considered
time-series. Cy,s71, the covariance (C) and the mean of the time-series well represent the
monthly statistic analysis.
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An example of implementation (1/4):
nLw 547 [nm] from February 2008-2009

e Venice

v <} | Image Selection
station

On the resulting time-series (29 frames), the user defines a bounding box around the in situ
station (e.g. 21 by 21 km) on which implement the procedure.

HISTORICAL COVARIANCE COVARIANCE (diagonal) TIME-SERIES MEAN

150 200




An example of implementation (2/4):
IN SITU LIST

N
To find “the best” geographic position for an in situ we merge it with the historical C
map and we find “the best” result (varying its geographic position) in terms of optimal design
(A-optimum and G-optimum).
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HISTORICAL COVARIANCE MASK: ALLOWED IN SITU POSITIONS

(UNCERTAINTLY MAP)

0 (black)
1 (white)
Green dot

bad-data (noise/clouds)
ood data (sea)

g
\Y,

enice station position

(center of the pixel)

Each allowed in situ (i= 1:418) have to be merged with the historical map.
That merging have to be done without satellite information (but just with one in situ data).
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An example of implementation (3/4):
MERGING S\

We consider the generic in situ;, for example: Lat, = 12.4666 (Ya), Lon,= 45.3003 (Xa)
nLw; = C_hist +/- std_obs = 0.7 nm. We merge it with the retrieved historical map

MERGED IMAGE

P(y,)O @ Wars =19 )" oW —HUn -0 )' Crisr (01 -7)

Merging
procedure

B VARIANCE

Our idea is to convert Sigma_e in one number in order to have an index (Uncertainly Index-Ul)
that can be used to identify the “best solution” (best in situ position) .
To convert the Sigma_e in one number we use two methodology (Experimental Design):

1. A-OPTIMAL design. It minimize the trace of Sigma_e;

2. G-OPTIMAL design. It minimize the maximum of the standard deviation of Sigma_e
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An example of implementation (4/4): W
ITERATION PROCEDURE AND RESULTS N\ &

The previous procedure was iterated for each in situ (i= 1:418) and the error map results were
converted in index using two procedures: A-optimal design and G-optimal design.

G-Optimality
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A-Optirmality
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In situ position

The minimum value of A (or G) represents the best in
situ position in terms of “statistical information”.

To extend those two points and provide areas, the
results in next slides will consider also points closer
(0.05%-0.1%) to the minimum.
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A-optimurm of all insitu
g s ®  Minvalue 1
TEE : 1 Min with 0.05% tollerance
= 2225 F) B LR 1 R (B e SRR B R L
o ; ; : ! : :
e OO -
5 : : e e NN
291 5 1 i i I I I i i
0 a0 100 150 200 260 300 350 400 450
In situ position
18 | | | | T T T T
G-optitmum of all insitu
el e R e e ®  Minvalue I
TEE 5 tdin with 0.1% tollerance
SR b el eemelene e 8 AR R S R |
o %
o :
[ R ] el S e i g e L e A BT B T 4
1 | | i 1 | i I i
a 50 100 150 200 250 200 350 400 450

February (2008-2009) results

In =ity position

Coast Line
“Yenice station

A-optimum best position
G-optimurn best position
A-optimum with tolerance 0.05%
G-o;laiimum with t?lerance 0.1%

I
125 126 12.7
NATO UNCLASSIFIED




March (2008-2009) results
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April (2008-2009) results
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June (2008-2009) results
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September (2005-2009) results ™
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December (2008-2009) results
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General results 1/2

(A and G optimal values for each month)

To find if there is a common
place we have fuse the
previous results.

The square boxes represent
the best in situ placement
month by month.

As showed each month is in
different position and there
isn't a common area.
However we observe that
the two strategies applied
have a common behavior
(as presented in the next

slide).

Al months
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General results 2/2
(A and G behavior) N

To explain the common behavior of the two strategies the previous results have been overlaid on
the weighted average of the historical covariance maps.

We have defined:

A-optimal as the minimum of the
trace of the variance

and G-optimal as the minimum of
the maximum of the standard
deviation.

4

A-optimal results will be on portion
map where the uncertainly is
bigger (higher variability)

while

G-optimal results will be on the
lower variability area of that map.

As expected, the results depend on the optimizing sampling procedure and that have to be defined
taking to account on the procedure to calibrate with the satellite.
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4& Conclusion
|
|

N

The covariance matrix have been evaluated using the available monthly time-series MODIS
acquisitions from 2005 to 2009. This technique produces 12 historical maps (COVARIANCE) that
can be used to calibrate in situ data without satellite acquisitions but taking into account on the
“satellite statistical behavior”.

On the basis of those twelve-maps we have retrieved “the best” geographic position for the
AERONET Venice station in terms of optimal design (A-optimum and G-optimum).

It is important to note that the optimal design strategies defined depend on the satellite calibration
procedure and have to be defined a priori taking into account on the considered optical sensor.
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