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ABSTRACT

With the recent development of geospatial techriefggremote sensing data are more and more
integrated in the information systems of crop indeas. The satellite’s ability to collect “snapssibt
over large cropped areas at once makes it a utdgli@ble to acquire localized and objective data i
real-time.

In this paper, we present how this technology aawigde reliable information for sugarcane planting
and harvest monitoring by updating information midfblocks boundaries and cane status using time
series of satellite images. Through the experi@orelucted on Reunion Island (Indian Ocean) where
the sugar industry has difficulty collecting updhtecalized information on smallholders fields, we
show how SPOT satellite images can be interprateldpaocessed in order to produce thematic maps
and statistics. These maps can then be integnatadSeographic Information System (GIS) designed
for decision makers. This on-the-shelf GIS perrorts to visualize maps and edit monthly statistfcs o

the management practices in each production area.
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Introduction
Sugarcane on Reunion Island

Reunion Island is an overseas department of Frsiteated in the Southern Indian Ocean, about 700
km east of Madagascar. The island is mostly ruggetimountainous, with fertile lowlands along the
coast cultivated mainly with sugarcane (60% of ¢lepped area). Sugarcane covers 26,000 hectares
(Figure 1; Source: DDAF 2005), cultivated by 4,200allholder growers supplying two mills: Bois
Rouge (Sucreries de Bois Rouge) and Le Gol (SwcderLa Réunion). The harvest season is from

July to December.

=

Figure 1 : a) Situation map of Reunion Islandhie Indian Ocean (Source: Wikipedia); b) Sugarcane
cropped area over Reunion Island: rainfed (greemated (blue) (Source: DDAF 2004).

Needs of the sugarcane industry considering cadsfistatus

As for other regions in the world, where sugarcsneultivated by smallholder growers, data on the
extension of the cropped area and crop statusairalways recorded and centralized, and the sugar
industry has difficulty obtaining updated localizedormation on the cane fields/blocks boundaries
and status. In Reunion, the yield and sugar comtenimeasured when the cane is delivered to the mil
and the name of the farmer is consigned. Howewemformation is given on the field provenance of
the cane, making it impossible during harvest sedsokeep track of progress in terms of area
harvested.

A collection of updated and extensive informatiam the cane fields/blocks over the whole area
serviced by the mill may help to optimize the atidé of the sugar industry. In addition to yield

forecast, the principal need expressed by the ingus information on the harvest progress
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throughout the harvesting season. This informatmd be used to improve efficiency in both factory
and field, in particular through:
« a better estimation of the effective yield (via tla¢io between the cumulative cane biomass
delivered to the mill and the cumulative harvestade area over the same period);
+ a better assessment of the standing cane aretpdi#l harvested, in order to optimize cutters
deployment and transport operations (harvest fateeddifferent areas serviced by the mill);
« support to update information on the field bounerand status in the mill/institution
databases.
Another need expressed by the industry is inforomatin the planted area. Maps of the planted fields,
and the planting rate associated, can be a neweofiinformation in a region where the plantingera
is only based on farmer declarations for plantingsidies. This information could be used for:
« better knowledge of sugarcane management pra¢pltas rate, geographic disparities, ...);
« estimating production of the coming harvest sedsonording to cropped area) and to plan

corresponding transport operations.

Geospatial technology as a tool for real-time moriitg

With the recent development of geospatial technefgygnany researchers have studied the potential
of satellite images to capture information abougjdaareas of cane at once. First used for crop area
mapping (e.g. Narciso and Schmidt, 1999; HadsaamagSukmuang, 2000), the applications became
more and more diversified and specialized due taticoous research efforts in the agricultural
domain, but also to a larger technological offeiimgatellite services (Bégué et al., 2006). The afs
remote sensing for cutting surveys is recent (Modd and Routley, 2001; Gers and Schmidt, 2001;
Bégué et al., 2004) and linked to the evolutiorsatillite solutions which are now able to provide a
large number of high resolution image acquisitidngng several consecutive months.

This paper presents the experience acquired oniételsiand on geospatial technology applied to
planting and harvest survey. The products and t¢wmisthodology) presented here have been
developped during the SUCRETTEesearch project (Ribbes et al., 2002), condubieCIRAD
(Centre de coopération Internationale en Rechefgtenomique pour le Développement) and Spot
Image. This project explored the potentials of remsensing and GIS technologies to provide
geospatial products and tools for decision supporthe sugarcane industry. The structure of an

operational service derived from these developmerdarrently in discussion with the industry.

! SUivi de la Canne a sucRE par TélédéTEction
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What information about vegetation status can remote sensing provide?
The optical properties of a sugarcane field

Most of the Earth observation satellites measular sadiation reflected by the Earth’s surface.sThi
radiation is measured separately in visible (gdhyefslue, green and red), for normal colour
photographs, and infrared IR (near and middle)tsalelsands.

When radiation is intercepted by a vegetation cgndlfferent processes occur depending on the
wavelength (mainly biochemistry of the leaves ie tisible, structure of the canopy in the near
infrared, and water content in the middle infrar@d)ese specific interactions between vegetatiah an
spectral radiation are the basis of remote sergipdied to vegetation monitoring as they permit to
retrieve surface characteristics from the measunewfethe reflectance in the different spectraldman
Figure 2 shows how the spectral reflectance ofree d&ld varies according to the crop status and
conditions; for example, in the visible bands (eedl green), because of radiation absorption by the
leaf pigments, the reflectance of a vegetation pgne lower than that of bare soil; in the near
infrared, vegetation and bare soil have very déffereflectances, while they are close in the neiddl
infrared. At the opposite, the middle infrared basdmportant to separate residues from the other

status.
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Figure 2 : Mean and standard deviation of the speotsponse of cane fields with different status:
green standing cane (full vegetation cover), ressd(harvested field) and bare soil (planted field).
Given for SPOT satellite bands (IR stands for IRfd).

The main current satellite sensors

Satellite imaging systems are mainly characterizgdhe spatial resolution (size of the pixels), the
number and position of the spectral bands, thdlisateevisit time, and the size of the image (foot
print). The list of the main commercial satellifesseems and their characteristics are given in Table

Product catalogue, image browser and prices cafolmed on the Companies’ web sites. Tasked
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products delivered in a nominal map geometry areegaly priced between 0.9 USD (20 m
resolution) and 28 USD (0.65 m resolution) per kar?a minimum scene acquisition of 3,600 km?2
and 64 km? respectively, while archived productsgaiced between 0.01 USD (30 m resolution) and
17 USD (0.65 m resolution) per km? for a minimurdersize of 32,400 km2 and 25 km? respectively.
High spatial resolution images (decametric resoi)tican be used to monitor crop growth (seasonal
monitoring), while very high spatial resolution iges (metric resolution), which are more expensive
and acquired on a smaller region, are suitable ap mfrastructures or field boundaries (scales of
1:25,000 to 1:5,000).

Company Web Site (productg,

catalog browser, and image patial

Spectral bands

orden) resolution
Landsat7 http://edc.usgs.gov/products/sat 30 m Blue, Green, Red,
ellite/landsat7.html Near IR,
http://glovis.usgs.gov/ Middle IR1,
Middel IR2
15m
SPOT http://www.spotimage.fr/ 20m Green,Red,
10 m Near IR,
5m Middle IR
25m
Formosat  http://www.spotimage.fr/ 8m 12 bands between
om Blue and Near IR
Ikonos http://www.geoeye.com/ 4m Blue, Green, Red,
1m Near IR
Quickbird http://www.digitalglobe.com/ 2.6m Blue, Green, Red,
0.65m Near IR
Orbview http://www.geoeye.com/ 4m Blue, Green, Red,
Near IR

Table 1: List and characteristics of the main aurcdmmercial Earth Observation satellites.

Production of thematic maps

This section presents the image processing tecesitiuat permit transformation of a sequence of
satellite images into harvest or plantation progmeaps. In the SUCRETTE project, we used a time
series of SPOT images (Table 1) at 20 m (SPOT4)18nu (SPOTS5) spatial resolution; these images
were geometrically (orthorectified) and radiomedtig (reflectance values) corrected.

According to the scale at which the method is edrrout (“block parcel” or “cane field”), two
methodologies are proposed. In both cases, thef®mdseresult in maps of harvested and planted cane

area, and evaluate harvest progress or plantieg.rat
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Cane status mapping at the block parcel scale

1. Mapping block parcel boundaries: In Reunion, si2®2, and in conformity with the
Common Agricultural Policy (CAP) of the Europeanitin data concerning the extension
and localization of sugarcane fields are recordetl iyppdated each year by the Departmental
Agriculture and Forestry Office (DDAF). Based onrnfers’ declaration, block parcel
boundaries are digitized on 0.5 m resolution aai#hophotos (ORTHO® DB, IGN) that

must be less than five years old (Figure 3a). Raheblock, such information as “grower’s

number”, “irrigation mode” or “delivery zone” is\ygn.

Figure 3 : Example of digitized cane cropped arasell on very high resolution images: (a) 1997
aerial photo (ORTHO® DB) and block parcel boundai@ource: DDAF, 2002); (b) SPOT5 image
acquired on July 6, 2002 at 2.5 m resolution (Ssu®UCRETTE /BD ISLE-Reunion) and field
boundaries.

2. Block parcels classification (per pixel): We fingse the cane block boundaries (step 1) to
create a mask of the cane cropped area on thesprdtral image (Figure 4a). We then
perform unsupervised classifications of the muéicdpal image (green, red, near and middle
infrared bands) using the ISODATA algorithm (ERDA8agine™ software). Through an
iterative process, each pixel of the masked imageassigned, using minimum distance

techniques, to one of the clusters initially deteed by the algorithm. The number of clusters
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to be discriminated is initiated by the user andtgel0. After the classification process, the
ten clusters are grouped by photo-interpretatida more general classes, and are labelled
(green standing canecrop residues bare soil and unclassified pixels thanks to good
knowledge of the crop cycle and spectral propertiggure 2). Finally, these crop status
classes are converted into farming operation ctass®t harvested caneharvested cane
planted canendunprocessedFigure 4b).

Statistics: The harvest progress rate is calculbie@dggregating the harvested and planted
cane classes. This rate can be given at differeailes (basin, delivery zone, block parcel)

insofar as their digital geographic limits are ¢afalie.

B Vot barvesied

[ Harvested tadvance rate = 50%)

- Harvest in progress (25% < advance rate < 50%:)
B plented (planting rate = 50%4)

- Unprocessed (mot planted or under clouds)




cirad-00664053, version 1 - 30 Jan 2012

Figure 4: Example of harvest and planting mappincad&SPOT image acquired on August 19, 2004
with 10 m resolution (Source: SUCRETTE ISLE-Reufion

a) False colour composition of a subset (Near IR/@een), on which photosynthetic vegetation
appears in red, cane residues in light blue anel @it in dark blue.

b) Classified image of the cane cropped area, éntbid block parcel limits in black (Source: DDAF).

c¢) Classified cane fields in a GIS layer.

As far as the harvest season goes, difficultieseparating cane regrowth (harvested or planted) cane
from green standing cane can occur. It is thenmeeended to classify a first image acquired at most
three months after the mill opening date, and ®ths resulting classification to mask the handste
and planted cane pixels before classifying the maage in the sequence (step 2). For smaller delays
in image acquisition, the crop background, can@ues or bare soil is still dominant in the crop

spectral response and there is no difficulty tausaiely classify the cane status.

By grouping all the areas identified in thare soilclass during the planting period (from September
to April), a map of ploughed areas can also be ywed. If we make the hypothesis that all ploughed
areas will be replanted with sugarcane during @ months, this map can be considered as that of
replanted cane, from which a replanting rate cacabeulated.

However, concerning planting map production, the o a block parcel map is limited by the
presence of tracks surrounding most of the fidlu$act, those tracks have the same spectral respon
as the bare soil resulting in errors on the plantate. Therefore, to produce the planting map, a

digitized field map is more appropriate.

Cane status mapping at the cane field scale

We saw previously the limitations of using a blgEccel map to obtain reliable area statistics en th
cane status. Furthermore, cane status is not haraoge within the block parcels (different farming
operation dates) resulting in difficulties to cdéte field indicators to support crop management
decisions.To overcome these limitations, we created a classibn based on a cane field mask

derived from very high spatial resolution imagegfftic our sub-metric resolution).

1. Mapping the cane field boundaries: We used @TSPimage at 2.5 m resolution to draw the
individual field boundaries by visual interpretatigFigure 3b). This technical solution is less
accurate than the use of aerial photo at the fietde (respectively + 2.8% and + 0.5%, calculated
on an hypothetical square field having an arealetgudle Reunion mean cane field area), but it
guarantees an annual update, compared to thedues yipdate resulting from aerial photo survey
on Reunion Island. A yearly update is necessara foop with a high rotation rate like sugarcane,

in particular in a region with high land use dynami
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2. Classification per field: In this case, we uffeel cane field boundaries to create a mask béfere
multispectral classification. In order to eliminatexed border pixels, a 10 m or 20 m buffer (for
SPOT5 and SPOT4 respectively) was created arouod feld polygon. The buffers were

subtracted from the original edge of the field gaoly to create the mask.

Then, as previously, we proceeded with the clasdifin of the pixels inside the mask. On the
classified image, the number of pixels belongingetch class gfeen standing canecrop
residues, bare soibind unclassified pixe)sis counted for each field (polygon) resulting an
harvest or planting rate at the field scale. Acowydo rate thresholds, each field can be finally
classified into four farming operation classesit harvestedharvested harvest in progress
planted canendunprocesse(@Figure 4c).

This more flexible method has the advantage ofaatig the creation of new classes and can be
adapted more easily to the needs expressed byniheuger. Furthermore, the results can be

provided in vector format and directly integratacany GIS.

3. Statistics: Harvest maps and statistics eagdamerated about one week after image acquisition.
one considers that fields in which cutting has lbegre generally completely harvested during the
following week, those fields can be countechasvestedand the statistical results are closer to
the reality of the harvest progress one week #feimage acquisition.

At the end of the planting period, by grouping thge all the planted fields monthly identified, a

planting map can also be produced. However, a-biakked approach (vector map) is not the most
appropriate to represent planted areas as a ampi@ration is often an opportunity for the farmer
to reorganise the distribution of the fields in bign land. In that case, a raster (image) map of

planted cane seems to be more appropriate (Fignre 4

Validation and limits

Regarding harvest monitoring, results obtained ftbenclassification of three SPOT images acquired
during the harvest season have been compared atabade of a sugar farm composed of 81 fields
situated in the North-East of the Island. In trasatbase, harvest dates correspond approximattig to
middle of field cutting period. Therefore, in oulassification, fields with a harvest progress rate
higher than 50% were classified in th@&vestedclass, and the other fields in thet harvestedlass.
According to the error matrix (Table 2), the overlcuracy of the classification reaches 96.5 % of
well classified fields on the image acquired 2 rherdfter the harvest start (August 19, 2004). This
percentage is quite constant throughout the hasesston, with 93.8% and 95.1% of well classified
fields calculated from September 11 and Octobem#gjes, respectively. In most cases, the errors
correspond to the fields that were classifieti@west in progress.

When applied to the entire cane cropped area, i h@ppen that theinclassifiedclass is not

negligible due to a high presence of clouds. In tase, the harvest and planting rates will be
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calculated on a sample area (Figure 5). Anothessiflaation limit occurred when the delay between
two cloud-free images is too large, resulting imoex when distinguishing standing crop from cane
regrowth of fields harvested previously in the ssad his delay can be estimated at 3 months during
the winter when cane growth is slow (at the begigrof the harvest season), and at 2 months during
the summer when cane growth is rapid (at the eribeoharvest season). In some cloudy regions, we
recommend a frequency of the image acquisitiondrighan these delays in order to reduce the delay
between cloud-free data acquisition over the caopped area.

In order to improve classification results and ndey to be able to map replanted cangand not
ploughed field), current research at CIRAD is fangson the development of a classification driven

by expert systems and crop growth modelling.

Reference : farmer data base

Number of | Inclusion
HARVESTED NOT HARVESTED )
fields error
HARVESTED
Remote
) (harvest  advan 17 2 19 10.5%
sensing
rate > 50%)
harvest
NOT HARVESTED
progress
(harvest  advan 0 60 60 1.6%
(08/19/2004
rate < 50%)
Number of fields 17 62 79
Exclusion error 0.0% 3.2% Total correct = 77 (9%6)5

Table 2: The cane field classification error maggien in number of fields).

10
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SUGARCANE HARVEST PROGRESS —_
WA ON REUNION ISLAND Ccnes
A T Bulletin # 1 : SPOT image of 19 August 2004 =
‘Sucrette

;} Harested
. Mot Hamested
. Floughed
£ . Hot processed

Subset of the
harvest map for the
northeast of the island

. Surface of the cane Sample ercentage of the
Delivery Zone eronped e (ha) repreggﬁaﬁv}ty f Harvested rate| Floughed rate Pto{a_[fa[?e :{eta

w Eeaufonds 3167 95,9% 70,5% 271 7% 1,9% 29,5% 12.3%

o Ravine Glissante 1413 95,4% 76.8% 22.2% 0,9% 231% 5,2%

8 ; Pente Sassy 1 664 38,1% 71.8% 261% 2,2% 282% 5,2%

= |Bois Rouge 5003 56,8% 73.2% 237% 3.0% 26.58% 19 6%

g La Mare 519 62,6% 65,5% 265% §.1% 34.5% 24%
Savannah 1024 16,7% 3,8%

Vue Belle 1293 34.8% 4.8%
Stella+Tamarins 1491 18.2% 5.5%

6 i Le Gol 2057 37.8% T1.1% 18,3% 4.5% 22.9% 7.6%

8 g Pierrefonds 721 98,2% T27% 207% 5.6% 273% 27%

— Casarmes 3407 98, 7% 74.8% 21.5% 3.7% 252% 12.6%
Grand-Bois 2 340 97,2% 30.0% 16.3% 3.7% 20,0% 3.7%
Langevin+Baril 2289 38.5% 32.5% 155% 2.0% 17,5% 3.5%

Total =26 389 ha  Total =21 612 ha Mean = 25,5%
Bois Rouge = 28 4%
Le Gol = 22 6%

Figure 5 : Example of a printed crop situation étii. Note that when the proportion of sample é&ea
low, the harvest statistics are not provided bezatl®ey are not reliable enough (Source
SUCRETTE/CIRAD).
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Distributing Cartographic Results to the Sugar Cane Industry

One objective of the SUCRETTE project was to staghpropriate methods for distributing the
thematic maps and statistical results to the mesnbethe sugar cane industry. The analysis of :ieed
and requirements of the industry in that domaireaded a wide diversity of situations and technical
backgrounds. We have tried to imagine solutiongntpladvantage of recent developments in web
mapping techniques, that can adapt to that diyeodisituations and constraints, and that can leel us

and understood with as little training as possible.

Printed bulletin

One convenient way to distribute cartographic mepsn printed-paper. It has the advantage of
simplicity and in some cases there is no altereat8uccessful trials resulted in distributing apcro
situation report. This report included a cartogrephap and the associated statistics on a singletsh

of paper (Figure 5).

Light interactive maps on a web page

Installing a geographic information system (GIS)eomser’s desktop offers flexibility and interadv

to the user. Such a system enables one to marepatat compare several thematic layers on a map,
thus improving the capacity for interpretation. Hower the cost of the software and training arenofte
too high to be considered acceptable by industrynbegs. Therefore, we explored an intermediate
solution (between printed paper and full GIS sofeyaThis proposition takes advantage of recent
important advances in cartographic mapping teclgietodeveloped for the World Wide Web. This
application is both easy to install and easy towisie still offering an excellent level of intettaaty.
Furthermore the same publishing technigue can ée when a connection to the internet is available,
and when is it not.

The results of remote sensing analysis are predémta single web page (Figure 6) that contains an
interactive map and, when necessary, a table gispladifferent statistical variables and results
associated with the sugar cane parcels (or grofiparaels). It can be viewed by any web browser
software (such as Internet Explorer, NetscapefdxreéOpera, ..) without the need for installing GIS
software.

The light mapping program that we chose to embetiénveb page is a Java applet named AlovMap
(Johnson, 2006). It offers very good interactivatdees, such as turning on and off different layers
zoom, pan, and object selection by query. It cahifkly customized and controlled using Javascript
commands, which is a real asset for adapting magutacontent, and behaviour to the different needs

among members of the sugar cane industry.

12
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3 Harvest survey - August 05 2005 - Microsoft Internet Explorer B |I:|I£[
Fichier  Edition  Affichage  Favorls  Outds 7
am recedent= - = -G (3] 2} | DRechercher  FFavoris EfMeda o F | E\- St - ¥ @

Acresse [ (4] D:\LmageTst{ReunonlHS050805Hh_HEOSOBO el

Harvest survey
' __- Mot processed

| Harvested
Mot harvested
Harwesting

Z>—

0 10 kM

CENTRE . . S;ampl_e representat_ivii:y [Harvested rate | Not harvested rate | i!éiiﬁate’ﬂ_pmgrassiﬁn rate
Beaufonds | 100% 19% T5% 20% | |
| Boisrouee | 100% [ [ e _ 20% )
Bois rouge et Beaufonds 100% 34%, 56% 38%
Eois rouge et Pente Sascy 100%% 21% TG 23%
LaMare et Bois Rouge | 100% 18% £8%% 21% =
|&&] Applet Alovmap started = l_ [ ' Poste de travall 4

Figure 6 : Interactive map in a web page (SourtiCRETTE/CIRAD).

Generating the “light maps”

To help a GIS technician of the sugar industry poadsuch kinds of “light maps”, we developed a
prototype software named “Limage” (for Light MAp @&rator) that takes the statistical results of
remote sensing analysis for input and generatesla page with an interactive mapping applet
embedded (Figure 7). Thanks to that tool, it issgme to produce the mapping web pages without
being an expert of all the underlying technique®ived in the process.

Limage was designed in such a way that all the fikxjuired for viewing a map in a web page are
generated inside a unique destination directomndans that the result is a standalone set oftfilats
can be copied (using a USB key for example) and lezally on a desktop computer, or that can be

uploaded on a web server and viewed by numeroabkusers through the internet.

13
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Source sl h..  DilimagelTest dataimed030828 shp | ==

e [reats0078 Sl 15t ]

_> Title [Hanvest survey - 15104105
for settings

Harvested [0 [ ] [ owme |

Not harvested [0 [ ] [ owme |
Harvesting | | owme |
Not processed [ outine |

Groups |SECTION

Background layers :
ab_10mjny

Add

=

Figure 7 : The “Light Map Generator” helps a Glgheician producing interactive maps embedded in
a web page (Source: SUCRETTE/CIRAD).

Conclusions

For small-scale farming systems, information atftblel or farm scales is difficult to get becausgad
collection is often a long and non-exhaustive psedeased on heterogeneous declarative data. Remote
sensing can therefore be an exhaustive and obgestirrce of information in near real-time.

In Reunion, we made the demonstration of the teahf¢asibility and relevance of the use of sdeelli
images and tailored GIS tools to update yearlyshgarcane field boundaries, and to monitor the
harvest progress and planting. The operationabfisatellite image in the sugar industry is curgent
being discussed with the agriculture administratima the technical services and sugar factories of

the island.
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