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ABSTRACT

In order to increase the sustainability the ethamotluction process from sugarcane, it is necegsargduce actions that harm the
environment. One of these actions is the burningugarcane straw prior to harvest. In Brazil, agresenmental protocols between
the government and the sugar-ethanol sector hare digned. The agro-environmental protocol in theesof Sdo Paulo requires the
total termination of burning by 2017. To meet thgeatives of the protocol, remote sensing sateiitages are used to monitor and
inspect the burning reduction each season. Usitedlisaimages, the Canasat project has mapped ahesting method (with or
without burning) in the state of Sado Paulo sin@2806/07 season. The objective of this study résent the methodology utilized
and to evaluate the evolution of the harvestinghoetbetween the 2006/07 and 2008/09 seasons. Theshdype was also
evaluated for each declivity class. Results dematesirthat the unburnt harvest increased from 50rB%he 2006/07 season to
65.8% in the 2008/09 season. In the three seasmtgzad, approximately 97% of the total area abldor harvest in the state is
located in areas with a favorable declivity forvresting without burning, i.e., mechanically. Thesteen region of the state had the
greatest expansion in sugarcane cultivated arealandhe largest increases in areas of unburrebar

1.INTRODUCTION

Brazil is the world’s largest producer of sugarc&a® (2009).
Industrial-scale production occurs primarily in states located
in the Northeast and South-Central regions of thentg. The
state of Sdo Paulo, in the South-Central regiorhéslargest
producer in the country and was responsible for 61 ®razil's
sugarcane production in the 2008/09 season (UNIOA9R

The country is attempting to achieve sustainablearedl
production and to obtain its socio-environmentattifieation
(Goldemberg, 2007; Goldemberg et al., 2008). Onethef
principle goals in this endeavor is to terminate burning of
sugarcane straw prior to harvest. Therefore, in720B8ao
Paulo’'s State Secretary for the Environment (SMAY a
representative in the sugar-energy sector signed afro-
environmental protocol for the sugar-ethanol sectorhis
protocol decrees, among other measures, endingutimeng of

In Brazil, since 2003, the National Institute fora8p Research
(Instituto Nacional de Pesquisas Espaciais INPE), the
Industry Sugarcane Association (UNICA), the Center fo
Advanced Studies on Applied Economics (CEPEA) oflthiz

de Queiroz Agricultural School (Esalg/USP) and @enter for
Sugarcane Technology (CTC) have maintained the Canasat
project (www.dsr.inpe.br/canasat/eng/). Using remsénsing
imagery and geoprocessing techniques, the Canasgcpr
monitors areas planted with sugarcane. Initiallgpping was
performed only in the state of Sdo Paulo (Ruddrfile 2005),
however since 2005, mapping has been extendedetottier
five states in the South-Central region of Brazil (Rdidand
Sugawara, 2007). These six states are responsibé2f7% of
Brazil's sugarcane production.

One of the project activities, in the state of F&ulo, is to
monitor the type of harvest (with or without bumirthe
sugarcane straw) performed since the 2006/07 cezzos.

sugarcane straw by 2014 in areas that are meclhignicalnformation provided by the project has been wiizoy both

harvested (declivity less than or equal to 12%) layp®017 in
areas that are harvested non-mechanically (decligieater
than 12%; http://homologa.ambiente.sp.gov.br/etarde
/english.asp). It is worth to mention that manuahvest of
sugarcane can only be performed by burning thevstra

The implementation of this protocol has contributéal
increasing the monitoring and inspection capacitthe sugar-
energy sector. Using remote sensing satellite
information can be obtained at multiple time-pointnd

therefore providing a monitoring system for the amegne
production process. Furthermore, this crop is galyegrown in

large areas and possesses a long phenological aydle long
harvest period, averaging 12 months and 8 mongspectively.
These characteristics facilitate crop identificatio the images
(Abdel-Rahman and Ahmed, 2008).
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the government and private groups. Beginning witte t
2009/2010 crop season, maps depicting the typeunfekt are
generated monthly and sent to the SMA of Sdo P&tite.
The SMA inspects these maps to determine if thensburning
has been authorized.

The objective of this study is to present the metthagy of the
Canasat project, including the monitoring of thevkating

image method, and to analyze the evolution of the haraesas with

and without straw burning from the 2006/07 to tBé&09 crop
season. The maps generated by the project may asr@éasis
for greenhouse gas emission models (Lara et &5)2@arbon
storage in silos (Galdos et. al., 2009), publicltheatudies
(Ribeiro, 2008) and as an aid to public policy ia #ygricultural

sector (Moraes, 2007). These maps also allow etmagughe

area of harvestable sugarcane that was not hadveste to

weather or industry constrains which is essentifarmation for

accurate yield estimation.
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2.METHODS

Identification of the harvesting method, either ing or not
burning the sugarcane straw, is currently perforinetthe state
of Sdo Paulo, the largest producer of sugarcarigrazil. Sao
Paulo is located in Southeastern Brazil and hasrea af

In contrast with other agricultural crops, sugaecéas a long
harvest season, lasting from April to December. Témote
sensing images allow to identify the harvestinghudt either
burning or not burning the sugarcane straw, becthseareas
where sugarcane is harvested after burning presehttones in
response to soil exposure (Stoner and Baumgard@&l)l

248,209 ki Figure 1 shows the location of Sd0 Paulo Stateédreas harvested without burning present bright sobecause

and the area of sugarcane available for harved@8/09.
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the ground is covered by dry leaves (Figure 2.Qufér et al.,
2009). In Figures 2.5 and 2.6, field photos of ntlgeharvested

areas without straw burning and with straw burning,

respectively, can be seen. Both the accumulatictraw after
harvest and soil exposure from burnt straw may liseived in
these figures.

Over time, the correct identification of the hatvesethod
becomes less clear. Both weather and post-harvesulagral

practices such as the burning of straw in the fadtdr harvest
are the major factors that affect this identifioat{El-Hajj et al.,
2009). Figure 2.2 illustrates an area with plotsvested on
different dates. The difference in time and the ofdifferent
post-harvest agricultural practices create changete color
and characterization of these plots, (which aréedihtiated in
the image). However, all plots were harvested withmurning.

Figure 2.3a shows an image acquired in July of 20@ghich it

Figure 1. Location of the state of Sdo Paulo within Brazil asjs possible to observe an area harvested withoutirim This

well as the area containing harvestable sugarcatiei2008/09
crop year.

The identification of the harvesting method wasfgrened by a
visual interpretation of TM (Thematic Mapper) sengoages
taken from the Landsat-5 satellite. In the caselaid cover on

same area, in September of 2008, possesses dak doe to
either the straw being burnt following the harvestue to the
soil being exposed (Figure 2.3b). Therefore, thes ligme that
has elapsed between the harvest time and the iatagsasition,
the more likely it is to correctly identify the Ivasting method.

the TM images, CCD (Charge-Coupled Device) sensorésiag Declivity is a limiting factor for mechanical haste For this
taken from the CBERS-2 and CBERS-2B satellites were ased reason, in many crop fields, harvesting is perf@j’msing both

an alternative (Epiphanio et al., 2007). For eadjit oint of
the TM and CCD sensors, a database was createdheitthata
of interest from the images obtained by the twosseen All
images were registered based on the orthorectficaiosaics
from TM/Landsat-7 images obtained by NASA (NASA,ZDO
utilizing a first degree polynomial and nearest ghéor
interpolation.

Monitoring of the harvest type is only possibleeaftroducing a
map of available sugarcane for harvest. This in titéized as a
mask for the remote sensing images and allows mamit only

the sugarcane areas that available for harvestehdeircurrent
crop year. This map is prepared by the Canasat qirajethe

beginning of each crop season.

4a) May 24", 2009

4b) Jun. 09™, 2009

methods. In the part of the field where the degliis over 12%,
burning is still used; however, in the part of fledd with lower

declivity the mechanical harvest is performed. Fégw2.4a and
2.4b illustrate this situation in a sequence of tates; in the
dark plots, with a high declivity, a manual harvests

performed (after burning), and in the light aresith a declivity

of less than 12%, the sugarcane was harvested miealta

(without burning). It should be noted that Figurét®shows the
presence of some clouds.

5) Jun. 02" 2009 6) Jun. 03", 2009

Figure 2. Temporal sequence of TM/Lansat-5 images, colorpasition 4(R)5(G)3(B), illustrating different harvegpes ( 2.1 and
2.2), the change in harvest characteristics cabggqubst-harvest agricultural practices (2.3a a2 different harvest types due to
declivity (2.4a and 2.4b), and field photos of r@geharvested areas without straw burning and siitaw burning (2.5 and 2.6).
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A visual interpretation of the images was perforrbgdrained
interpreters in two stages: (i) the images wereluaved in
chronological order, and at the moment in whichaaea was
identified as harvested, it was assigned to therget thematic
class; (ii) after the visual interpretation wasfpened by the
several interpreters, all the resultant maps wekésed by a
single interpreter (the reviser) to guarantee hamedgy of the
interpretations.

Next, a mosaic (thematic map) was generated forethige
harvested sugarcane area in the state of Sdo Raulthe
2008/09 season. A declivity map, generated from SRITM
images, using the methodology described by Valerianal.
(2006), was utilized to identify areas for mechahibarvest
(£12% declivity) and areas of non-mechanical har¢e&2%
declivity). The intersection between the two mapemtted the
evaluation of the different harvest modes by dégliv

3. RESULTSAND DISCUSSION

The total harvested area increased 20.9% (680 d@hduba)

from crop year 2006/07 to 2008/09. This increaseais
consequence of the expansion occurring in the siht8do

Paulo during this time period. Table 1 summaribestotal area
harvested with and without burning, the unharvestezhs for
the three harvest years, and the harvest typeafth declivity

class. During the 2007/08 season, 5.6% of the ®otallable

area for harvest (220.871 ha) could not be evadudige to

cloud cover obscuring the images.

In the 2006/07 season, the area harvested by lgumés 1.02
million hectares greater than the area harvestdtbwi burning.
In the 2008/09 season this difference was 73.6 siud
hectares, which represents an increase of 73.1beiharvested
area without burning between these two seasonslgThd).
Therefore, the percentage of the total area hadestith
burning decreased each season, from 65.8% in 2DO&/0
50.9% in 2008/09. Despite the fact that the ovenalivested
area without burning increased considerably, tlea &iarvested
with burning did not show a considerable reductidfhis
indicates that, the majority of newly cultivatedeas are
harvested without burning. The limiting factor fahe
conversion of the harvest method is that the plotsst be
prepared for the harvesting machines. This requadejuate
planting lines, and in addition, many areas havdeelivity
greater than 12%. Also, the vegetative cycle ofastane is
approximately 6 to 7 years, and farmers do notrnefthe plots
until the end of this period. Therefore, the platsrrently

harvested with the burning method should be grdglual

converted to non-burning plots or eliminated fogaecane
production if declivity is >12%.

The total unharvested area increased each seasaching
11.6% of the total available area for harvest ia #008/09
season (Table 1a). The principle reason for this ifathat the
ethanol plants under construction presented sagmifidelays to
enter in operational activity. Also, unfavorable atreer
conditions during the harvest season reduced thmees$ting
capacity (Aguiar et al., 2007).

When considering the declivity classes, in the renstate,
approximately 97% of the available area for hangesing the
three seasons was located at a declivitgddf% (which allows
for mechanical harvesting) (Table 1b). However,vasting
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with burning was predominant, especially in theaaraith a
declivity >12%. In this declivity class, harvestirgperformed
manually; therefore, the straw has to be burnecdsy the
harvest.

Table 1. Total area of sugarcane harvested (a)gmivity class
(b and c¢) without and with burning and the
unharvested area, for the seasons of 2006/07 to
2008/09. The percentages in relation to without and
with burning refer to the total harvested area evttile
percentage of unharvested sugarcane refers tottle t
available area for harvest at the beginning of each

(a) season.

v Harvest type
S n Without burning With burning Unharvested
(ha) % (ha) % (ha) %

2008/09 1,928,561 49.1 2,002,215 50.9 514,502 11.6
2007/08* 1,667,50246.6 1,909,235 53.4 164,321 4.1
2006/07 1,113,855 34.2 2,138,408 65.8 102,208 3.0

(b)

Declivity <12%
Without burning With burning Unharvested
(ha) % (ha) % (ha) %
2008/09 1,891,845 49.7 1,917,719 50.3 494,307 11.5
2007/08* 1,630,825 47.0 1,835,907 53.0 158,960 4.1
2006/07 1,089,812 34.7 2,055,017 65.3 98,877 3.0

Year
Season

(c)
Declivity >12%
S:;;gn Without burning With burning Unharvested
(ha) % (ha) % (ha) %
2008/09 36,715 30.3 84,496 69.7 20,195 14.3
2007/08* 37,132 33.8 72,763 66.2 5367 4.2

2006/07 24,043 224 83,392 77.6 3,331 3.0

* For the season 2007/08, a total of 220,871 Ha&o5of the total area
available for harvest could not be evaluated bexafscloud cover
obscuring the images.

On the other hand, an analysis of the three seasditstes that
the percentage of the area harvested without bgirinicreased
each season. The areas harvested without burniached
49.7% in the 2008/09 season in areas with a dgclivi2%.

The same was not true in sugarcane areas with Bvitlec
>12%. In these areas, the harvest without burniag gveater in
the 2007/08 season than in 2008/09 and harvesiihdowrning

increased in the last analyzed season (Table ldot#l of

11,993 ha could not be evaluated in areas withchvity >12%

in the 2007/08 season. If we postulate that thisa awas
harvested with burning, the percentages of the dsting

method for the 2007/08 season at a declivity of%1gould be
modified to 69.5% with burning and 30.5% withouheFefore,
even in this situation, the percentage of the hegaested with
burning increased slightly in the 2008/09 seasorelation to
the 2007/08 season, and the percentage of thehargasted
without burning decreased.

Despite the fact that the percentage of sugarcaliwated in
declivities >12% is low (3%), the percentage of amvested
sugarcane in this class for the 2008/09 seasorgveader than
in declivities<12%.
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Figure 3. Area available for sugarcane harvest, the pergentéeach harvest type (with or without burning) the Administrative
Regions (RA) of the state of S8o Paulo for the seasbifa) 2006/07, (b) 2007/08 and (c) 2008/09 aralization of the harvest
areas (with and without burning) and the unhargeateas for the RA of Aracatuba (AR). RAs: Aracat(R), Baixada Santista
(BS), Barretos (BR), Bauru (BA), Campinas (CA), Central (FEanca (FR), Marilia (MA), Presidente Prudente (FRRgistro
(RE), Ribeiréo Preto (RP), Séo José do Rio Preto (&) José dos Campos (SC), Séo Paulo (SP) and So(S¢ba
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According to Lara et al. (2005), approximately 2@ig of dry
sugarcane material is burnt per hectare, contrigutio
approximately 0.48 Tg of carbon per year in globalissions.
Soares et al. (2009) stated that sugarcane hadvegthout
burning eliminates methane (@QHand nitrous oxide (MD)
emissions totaling 1.72 tons in carbon dioxide eajeint per
hectare. This diminishes the total greenhouse gaiss@®ns
produced during sugarcane harvest by approximaB&is.
Therefore, a reduction of 136,193 ha harvested Wwitming
reduced carbon dioxide equivalent emissions by28thusand
tons. Postulating that by 2014 all areas that aeehanically
harvested will have attained the goals stipulatgdhe agro-
environmental protocol, the harvests will be perfed without
burning and the newly planted areas will also bevésted
without burning, a minimum of 3.29 million tons cfrbon
dioxide equivalent per year will not released inthe
atmosphere. By 2017, when no sugarcane areas wviit ior
harvest this figure will be even greater (3.44 imill tons of
carbon dioxide equivalent per year).

Figure 3 shows the area available for sugarcangebaand the
percentage of each harvest type for the AdminiggdRegions
(AR) of the state of S&o Paulo for the 2006/07 t©8209
seasons. It also illustrates the location of theasrof each
harvest type for the AR of Aracatuba. The ARs wemated by
the Geographic and Cartographic Institute of SAddP@GC)
for governmental planning. Each AR is composed oks#
municipalities within a specific geographic areahaéconomic
and social similarities (http://www.igc.sp.gov.br/
mapasRas.htm).

The four ARs located in the southeast region ofdtage (Sao

to 55.4% in the 2008/09 season (and was the AR thith
second largest percentage of unburnt harvest itatlieseason).
This change can be seen in Figure 3, in which &R is

highlighted with the localization of burnt and umbuharvests.
In the 2006/07 season the high percentage of blangest
(blue) can be seen, while in the 2008/09 seasom#jerity of

harvested areas are unburnt (green; there is als$oceease in
unharvested sugarcane).

4. FINAL CONSIDERATIONS

The use of remote sensing satellite images allcaveduate the
sugarcane harvest type, burnt and unburnt, in tite ©f Sdo
Paulo over the course of three seasons. Data geddng the
Canasat Project demonstrated that the harvest tyfieei state
has changed over the seasons due to governmeatsupe to
increased sugarcane harvest mechanization. In @g6/@7
season, 50.9% of the state’s sugarcane harvestntasnt, and
this percentage increased to 65.8% in the 200889a. All of
the Administrative Regions in the state, exceptfay, showed
reductions in the percentage of burnt areas. Tleetveeptions
showed a small increase in the 2008/09 season cethpathat
of 2007/08. Western S&o Paulo is confirmed as ¢g®n with
greatest expansion and also the region with theatgse
increases in unburnt harvest.

For the three analyzed seasons, approximately S7¥tedotal
area available for harvest in the state of Sdod”aak located
in declivities <12%; therefore, allowing mechanidervest.
The spatial analysis of the harvest type allowssiablish local
and regional monitoring and inspection to evaludke

José dos Campos, Sdo Paulo, Baixada Santista andr®gegis effectiveness of the agro-environmental protocoteduce and

possesses less extensive cultivated areas andotieed® not
produce sugarcane for the agroindustrial sectas iBhbecause
they possess less favorable environmental condition the

cultivation of sugarcane, such as greater ratesamifall or

unfavorable for mechanization (Alfonsi et al., 198herefore,
these ARs are not monitored by the Canasat Project.

All of the ARs showed an increase in area availaiole

sugarcane between the 2006/07 and 2008/09 seddurscan

be verified by the change in class in Figures Baardd 3c, with

the exception of the Central AR in which there wasranease
in area without a change in class. The ARs of S&é do Rio

Preto and Aracatuba were the only ARs that chanizesd each
season, demonstrating a large expansion in cidtivetigarcane
area between the analyzed seasons. Sao José daeRichRd

the greatest area available for harvest in the /2@08eason,
representing 12.8% of the total area availabl&énstate.

All ARs had increases in the percentage of unbuanvdsted
area between the seasons of 2006/07 and 2008/@Ptefar
Campinas and Central. These two ARs significantlyeiased
their percentages in the 2008/09 season in relatothat of
2007/08 (Figure 3). The largest change in harygst bccurred
in the AR of Presidente Prudent where 21.3% of trwédsted
areas in the 2006/07 season were harvested withwoing and
this percentage increased to 59.9% in the 2008#@80%. This
AR had the greatest percentage of burnt harvesteir2006/07
season (78.8%) and in the 2008/09 season it wadRheith

the lowest percentage of burnt harvest (40.1%)cdntrast,
Bauru was the AR with the greatest percentage ofttharvest
(57.5%)

Aracatuba also showed a large change in the pegentf
unburnt harvest, increasing from 33.4% in the 200&eason

14

ultimately cease the pre-harvest burnt practiceswugarcane
fields.
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