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INTRODUCTION

The availability of information about agricultural crops (i.e. typology, phenology,
productivity, health) is crucial for a proper agronomic planning and management,
especially for end users such as farmers and public administration.

Remotely sensed data acquired from space sensors, both optical and SAR, have long
demonstrated their capability in providing such information in a timely and reliable
fashion.

The integration of SAR and optical sensors data allow us to take advantage by the
different sensitivity of both the technologies toward environmental parameters: e.g.
soil roughness and moisture, plant water content and biomass for SAR and
photosynthetically related vegetation features for the optical sensors.

The research has been carried out in context of the projects:

 “Spaced4Agri” (Development of Innovative Earth Spﬂ(
Observation based Methodologies supporting the A ri“”w'_hi,
Agricultural Sector in Lombardy; Agreement Framework g

between Regione Lombardia and CNR).

" ERMES

 “ERMES” (An Earth Observation Model based RICE ‘ ANEARTH
information Service; EU-FP7 Collaborative Project). I N

MODEL BASED
SERVICE

RICE INFORMATION



AIM OF THE RESEARCH

This work aims at:

* mapping of crops in Lombardy region (northern ltaly)
for the year 2013, by using multi-temporal, intra-
annual series of SAR and optical satellite data;

e comparing the performance:

e of three different supervised classification
algorithms,

e at different temporal periods during the growing
season.



MAIN CROPS IN LOMBARDY REGION 2013
| e 761701 hectares cropped in 2013
e 54333 farms

wheat &

e South Lombardy
Region

* Pavia province

* Framed within the Po ¢
and the Ticino river
basin

12% rice
12%

§Garlasco

vegetables other
2% 0%



CSK

HH

pol.,

PSS

Revisiting time= 16 days

. 13 LANDSAT - WoTH NI F:) EE—

Level 1

Revisiting time=16 days ( aays tHan!s to two overlappmg #rames&CE

SATELLITE DATASET

+ 15 COSMO-SkYMetEskf>ONAHTY

HIMAGE,
X-band

SPRING

SOYBEAN
MAIZE

[32] [32] [32] o o (32] (32] [32] [32] [32] (32] o [32] [32] [32]

-l - - i -l - -l i -l - - -l -l - -

o o o o o o o o o o o o o o o

N N N N N (& N N N N N N N N o Do

S~ S~ S~ S~ S~ S~ S~ S~ S~ S~ ~ S S~ S~ S~ oy

o [32) [s2) < < Ln n (=) (=) ~ ~ 2] =) )] o 2 5

o o o o o (=] (=] o o o o o (=] o - 2 2%

< < < < ~ s ~ ~ ~ < s < < s ~ v N

[32) b ~N o -] < o Ln i ~ (2] < =) Ln - -

- o - o - o N o o o o~ o~ o o~ —

[ ] [ ] [ ] [ [ o o [ [ [ ] [ ] [ ] [ ] [ ] [ ]
[32] Mm o™ M mn MM NN MmO o m (3] [32]
- i - S e D . B B o B B | - P
o o o oo o O O o o o o
N N N NN N N N NN N N
S~ S T S ~N NS S S~
Ln O O O W N~ N 0 0 N (o]
o (==} oo  © OO0 o oo i -
S~ ~ s S N S S ~NO S
o N < N o W N &N ONN ~ (=)
— o « N M = N O = - o L]
[ o0 00 ® 0000 e 0

T T T T T
17/03/2013 06/05/2013 25/06/2013 14/08/2013 03/10/2013 22/11/2013

26/01/2013

11/01/2014



PRE-PROCESSING OF SATELLITE DATA
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TIME SERIES OF SAR AND OPTICAL FEATURES(1)
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TIME SERIES OF SAR AND OPTICAL FEATURES (2)
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T3=44+60+76+92+108+124+140+156+172+188+204 23/07/2013
T4=44+60+76+92+108+124+140+156+172+188+204+236 24/08/2013
T5=44+60+76+92+108+124+140+156+172+188+204+236+252 09/09/2013
T6=44+60+76+92+108+124+140+156+172+188+204+236+252+268 25/09/2013
T7=44+60+76+92+108+124+140+156+172+188+204+236+252+268+284 10/10/2013
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T7=133+158+165+174+181+197+206+213+222+229+245
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T8=133+158+165+174+181+197+206+213+222+229+245+341+350 16/12/2013



THEMATIC LEVELS

Two tematic levels of the crop maps were considered

EARLY RICE Seeding: RICE

LATE RICE Seeding: May

EARLY SUMMER CROPS Soybean; seeding: Ap_
LATE SUMMER CROPS Soybean;[seeding: M SUMMER CROPS
EARLY MAIZE Seeding: April

MEDIUM MAIZE Seeding: MAIZE

LATE MAIZE Seeding:

FORAGE 2 Continouscrop—— IHe]ii\e]=

FORAGE 1 X Triticosécale: seeding: February

Wheat; seeding: Nov
XTriticosecale>-Sor([IRI A0 T

Seeding: variable

L2 L1




SIARL

The S.ILA.R.L. (Sistema Informativo Agricolo della Regione Lombardia) is the
informative agricultural database of Regione Lombardia used for the consulting
and the updating of the documents of the Lombardy farms .

Classifiers Training Validation

The SIARL database was used for selecting two indipendent sets of pixels for L2 (12 classes).
* The first set (2/3 of total) was used for training the classificators.
* The second set (1/3 of total) was used for assessing the accuracy of the produced maps.



CLASSIFICATION ALGORITHMS
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For SAR sensor the requirement of Gaussian distributed
data is satisfied after speckle filtering.




CLASSIFICATION RESULTS

According to the approach described in the previous section, crop maps were
produced through the classification of each combination of thematic level (L1 and
L2), supervised algorithm (MLC, EMD, SAM) and different input time series
derived by single L8 or CSK sensors and their combination.
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Level 2 crop maps of 2013 of a subset of the study area derived by MLC



RESULTS ACCURACY
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PERFORMANCE OF MLC: INTEGRATION OF L8 + CSK
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PERFORMANCE OF RICE MAPPING USING CSK
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CONCLUSION

A mapping project carried out using both optical and SAR data on an agricultural area in
northern Italy where described.
Results show that the classification accuracy obtained using only multispectral optical data is
higher than the one reached using only SAR as input.
The performance in the classification carried out using only SAR data have been partially
invalidate by:

- steep look angle (24.13°) that limits the sensitivity toward vegetation characteristics

- single polarization

- worst temporal resolution than optical data.
Integrating both optical and SAR multitemporal features provides some advantages in terms of a
more reliable crop map, especially during an early temporal stage scenario.
Among the supervised algorithms tested, Maximum Likelihood shows the best overall accuracy
performances at each thematic level, time step and using both optical and SAR input data.
A more sophisticated approaches able to synthetize the temporal variability of the SAR signal
should be further investigated.
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