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Abstr act

In this @per, we explore the potential of remote sensing to nap pastures area and by
this way establish modls for predicting catle density and location. First, an objed
based classficaion (OB) was nede in Landsst 5 images for three different
municipalities to povide a land-cover map. Second, on tle basis d Braalian dficial
livestack database, a statisticd model to predict numker of catle in function of dedared
pasture areaby the farmers was produced. Firelly, this model was applied to the pasture
area deteded by remote sensing to pedict catle density. Ceefficient of detemmination
of the model was 0.63. Tle results indcae that the methodology usd for estimating
cdtle density has a potential to be applied in regions wlereno information about farm
locaion and cdtle density exists.

Key-words. catle density, landsst 5 images, linear regression, obgd based
classficaion, pestue area.

1.Intr oduction

The mea production chain is the largest generdor of jobs in Mato Grosso do Su{MS)
State, having the third largest keef herd in Brazl (22 million heals) acarding to thre
Braalian Ministry of Agriculture, Livestack and Supply(2010. It has also the largest
network of qualified exporters’ slaughterhouses to the European Union. This, asscciated
with the fact of having 1.131 km © intemational border, makes the State strategic for
the control and prevention d diseases that are included in World Organizaion for
Animal Hedth (OIE) list and affeds intemational trades swch as Footand Mouth
Disease (FMD).



As the frontier with Paraguay extends oer a range around 1.100 km, ttreis a
consicerable change of landsgpe, soil and microclimates that leads to changes in
agricultural pradices and prodwction sysems. These different types o production
sysemsarenot very well documented and trey play a significant role in terms d risk of
the spread of FMD virus. Maeover, in Brazl farm cadastre is not georeferanced. By
this means it is impatant to find another mean to charaderize and spatialize catle
production sysems in the frontier. By thisreason,remote sensingcould ke potentially
used to mep and to monito pastues ared and by this vay establish modls for
predicting cattle density and locaion.

Maps d catle density provided by FAO (2005 were produced from census
livestack statistics but ina broad scde, not pedsing locaion o pasture area insice the
municipality and the estimative are mare generdized for the municipalities. The
objedive of this paperis to popos a methodology to pedict catle density and locaion
from medium resolution stellit e images using inage oriented obed classficaion.

2.Methods
2.1.8udy area

The studed region comprehended three sites (municipalities) locaed in the frontier
between Braal and Rargguay in Mato Grosso do Sul @&te. The munkipalities were
chosen becaise they represent the differences thet exists in the frontier and they arealso
well geographicdly distributed, Pato Murtinho in the extreme narth, Pona Pada in the
center and Mundo Novo in th south(Figure 1).
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Figurel. Map of Mato Grosso do Sul State, with the locali zation of the study areas (Porto
Murtinho, Pon ta Pord and Mundo Novo)

Mato Grosso do Sul @te climate is classfied, acording to Kopn, as
tropicd-type Aw, with an avergge temperaure of 24.4 °C in tle wamer months
(January and February) and 19.1 °C dung the coldest months(Jure and July. The
avergge annual predpitation is 1.470 mm. ahuatry is the wettest month(average of 243
mm d rain and 8% relative humidity) and August tle driest (40 mm & rain and 60%
relative humidity, onaverage).

Mundo Novo murtipality is the smell est studed area occupyingan areaof 480
km? with approximately 30,000 fead of catle, charaterized by snall prodwcers, who
mainly develop dairy farming and subsisnce agriculture. Pona Paa is poentially an
agricultural region, with 5,328 ki where co-exist large farms and family farming,
with around 3,000 mpetties d sndllholder farming syseéms and approximately
231,000cdtle heads. Poto Murtinho is the largest muncipality 17,734 kmz2, nainly
characernzed by extensive livestack production, with a predomirance of medium and
large beefcatle farms witha herd of approximately 650,000 bovies.

2.2. Remote sensing daa

Fou Landsat 5 TM images from Augustand Sgptember 2010 with 3Gmeter spetia
resolution were downlcaded from Brazlian Institue for Space Researdy (INPE,
www.inpe.br). Preprocessing irtluded geometric corredion, mosicing and the
creation of subsets for the study area. Geometric rectification of the imagery was
undertaken using a first order polynomial with a nearest neighba intempolation,
incorporating ground control points gken from the GLCF 2005 athoredified images,
prodwing a Root Mean SquareError (RMSE) of less tran 0.5. Pord Paa site requested



the mosaicing of two images, both veretaken in the same dates (August 18,2010 The
pre{processing vas uncertaken with the use of the sadftware ENVI, version 4.7.

2.3. Image classfication

The objed-based classification (OB) was uncdertaken using eCognition Developer
version 7 sétware Six bands d Landsat images wereused, excluding thermal infra-red
band. A totl of seven land cover classes areawereidentified: water, forest, £ondary
forest, ripanan forest, agriculture, marshes and pesture.

OB classification involved two sub-processs: (i) two sgmentations, tre first
(L1) at the pixel level, and the seond(L2) at the objed level and (ii) classification.

The seledion of segmentation scade parameters is dten dependent on subgdive
tria-and-error methods (Meinel and Neubert 2004. After testing nmany possibé
paraneters, we used the following: scde: 15, skape: 0.1 and compadness: 0.5. Th
resulting obgds closely corresponad to the boundaries of fields, forests, riparian
forests, water bodies and otrer elements d interest in the image.

After the first ssgmentation (L1), a hierardy classficaion was condicted and
severd parameters were used: namalized difference vegetation index (NDVI),
normalized difference water index (NDW!I), shape index and mean difference between
bands. The second fgmentation (L2) took plcein the objed level and the parameters
used were scde (100), shape (0.1) and compadness(0.5).

Classficaion vdidation was dore through a confusion natrix with 30 gound
truth control regions d interest byclassand by studyareato validate OB classfication.
The confusion natrix was dore with focus on @sture class whth is ou interest class.

2.4.Mod€ for cattle prediction

Database provided from Brazlian Ministry of Agriculture, Livestack and Supply
(MAPA) containing the numkber of farms, todl animals per farm and pestue area
dedared by podwers was ued to build tlhe prediction model for catle density. The
data from the three municipaliti es studed wereused: Mundo Novo(n=591), Pona Paa
(n=354Q and Pato Murtinho (n=704. Data was teded in the opensouce sttisticd
package “R”.

The principle of linearregression is toestablish a model linking a variable to be
explained, in this study, tb“number of cattle” (Nbcattle), by the explanatory variables,
here a singke explanatory varable “pasture area” (Apasture). The vanables were
transformed in arder to sibilize variance. It was assuned thet the logarithm of respong
follows a narmal distribution; by this vay it was possibé to constuct a classc linear
regression modl. The seand sep was to \erify the possibility d a linearrelationship
between Nhcdtle and Apasture in eadr muncipality. Farms with nocatle and/a no
pasture in the database wereexcluded.



Compmiison ketween predict value and ob&rved value was mede. The validation
of the model was dore in another data base from three other munkipaliti es in the same
region, whch are Cara®l, Eldaado and Jpora

2.5. Mapping cattle density

After the adjustnent and validation of the modd, the equation was applied to predict
animal density in pastue ared deteded by remote sensing using OB irage
classficdion. Data was treaed in ArcGIS sdtware version 10and meps d cdtle
density were creded. Validation was dore through tke comparison ketween catle
density obtined by remote sensingand chta base provided by MAPA for eat studed
area

3. Results
3.1. Landcover classfication

Pasture areacountsfor 53% d Mundo Novoregion, 28% & Pont Paéd and 49% ¢
Pato Murtinho region. By the land cover classficdion it is possibé to noe the
differences between threemunicipadliti es. In Mundo Novoand Pato Murtinho, the main
adivity is catle production, in Pon& Pad, principal adivity is agriculture, where 48%
of the terntory is occupied by agriculture area and hare soil. Toel areaof Pato
Murtinho is snaller than steted by IBGE this is lecaise we used only ore Landsat
image for Pato Murtinho region, becaise of the size of municipality we would reed
three images and it was not tle purpos of this study. Tk biggest part that was not
comyrised in this studyrepresents tte Indian areaof 500 thouand hedares (Figure 2).
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Figure 2. Geographic represen tation of the subse ts of the three municipali ties and land
cover classi fication.

In this study v consicered that the objed-based classficaion had a good
acarragy for the class that we were interested (pasture clasg for the three sites studed
(Table 1).

Table 1. Producers Accuracy (PA), Users Accuracy (UA) from OB classi fication from
Mundo Novo, Pon ta Pord and Por to Murtinho for pas ture class and overall accuracy
(Acc) and overall Kappa coe fficient (KIA)

Pasture class Object- based classification
PA % UA% Acc KIA
Mundo Novo 99,8 79,9 75,1 0,69
Pona Paéa 84,2 89,9 74,4 0,66
Pato Murtinho 94,6 87,6 72,6 0,66

MAPA database containing numier of catle producers, totl dedared areaand
pastue dedared areawas confronted with pastue areadeteded by remote sensing
(Table 2). We can ob®1ve that magnitude orders arerespeded for pastue area even if



there is a sl difference between them. Fa Pont Pad, pastue areadeteded by
remote sensing was uncerestimated in 11%,for Mundo Novoand Pato Murtinho were
overestimated in 14%.

Table 2. Number o f cattle producers, total declared area (ha), pasture declared area (ha)
and pasture area detected by remo te sensing in Mundo Novo, Pon ta Pord and Por to
Murtinho

Pagure Difference
Dedared Dedared area between
Municipality Number of total area padure area detectadl by dedared and
producers (ha) (ha) RS (ha) detectad (%)
MundoNovo 591 25.476 21.391 24.459 %44
Ponta Pad 3.540 259.332 165.292 147.457 -11%
Pato Murtinho 704 738.871 521.177 595.683 14%

3.2. Linear model for predicting cattle density

Pato Murtinho hes the biggest pasture areaand biggest catle herd which largely differs
from the two other ones (Table 3). Pona Paéd has a greda numter of familiar
settlements (aAlmost 3.000 what makes the average of farmsand cattle herd decreae. It
was impatant to €led these municipaliti es thet have differences in herd size and farm
sizein order to have a grea heterogeneity for modkling cattle density.

Table 3. Summary o f the official da tabase from the three municipali ties studied

N. of Dedared Pagure N. N. of
producers* Pagure area per of cattle cattle N.df
Muni cipality area farm per cattle
(ha) (ha) farm per ha
Mundo Novo 452 21.391 36.2 30.299 67 14
Pona Paé 2831 165.292 46.7 230.754 81.5 14
Parto Murtinho 585 521.177 740 650.130 1,111 1.2

*Number of producers thet had cétle in the yearof 2010and which were used to build
the moddl.

The relationship etween the two vanables studed (Nbcatle and Apasture) was
tested. Figue 3 shows thlt thereis a linearrelationship letween these two variables.
For Pont Paa there is a concentration of the values ketween 0 and 4. Fo Mundo
Novo, the values arebetween 0 and 6and for Pato Murtinho the values aredistributed
between 0 and 10. This is bcaie avergge size of farms is dfferent between
municipaliti es.
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Figure 3. Rela tionship be tween pasture area (Apasture) and number o f cattle (Nbcattle)
in the three municipali ties studied (in logari thm).

As the numter of catle (Nbcdtle) is related to the pasture area(Apastue), the
model built which analyses thisrelationship is:

log(Nbcattle + 1) ~ log(APadure + 1) + I(log(APagure + 1)*2)
where

Nbcétle = numker of catle predict

Apastue= pastue area(ha)

| = intercept

Determination coefficient (R* ) was 0.6683, it mans thet the moddl was able to
predict 67% d the vanability in the data set. Pato Murtinho had the biggest difference
between ob®1ved and predicted (3%) but it can be consicered a smell difference

Model validation was dore with data from three other muncipaliti es in the same
region. Therewas no dfference between predict and ob®rved values (P= 0.9122. As
there was no sigriicant difference between ob®rved and pedicted for the
municipalities ugd for vaidation, the modal could be applied in otrer muniipaliti es
that exist in the region.

3.3. Applying the model in areas detectal by remote sensing

After validation, the model was applied in pastue area deteded by remote sensing
(OB) to cdculate numker of cattle existent in ead polygon & pastue for ead data
subst (Figure 4).

The equation applied to area deteded by remote sensing, and the confident
intervals were



Nbcattle predict =
1.635912+ 0.495649*log/Apasturerenot + 1) + 0.031114*log APastureranot + 1) ~ 2
Conf. Interval min= Nbcéttle predicted - 1.96*0.9162738

Confidence interval max = Nbcéttle predicted + 1.96*0.9162738

Where

Apastureranot =areaof pasture polygons dteded by (B classfication
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Figure 4. Pas ture areas de tected by OB classi fication wi th Ponta Pora si te highligh ted

Polygonsfrom pasture areawere regrouped in a ssaond fgmentation (L2), in
order to have bigger area d similar radiometry, and these are& could represent farms
as the cadastre does notexist. Average L2 polygonareawas bigger for Pato Murtinho
(608 ha), followed by Mundo Novg436 ha) and Pona Paa (221 ha). As agriculture is
the main adivity in Ponta Paéa region (48% d land cover) pastue area are more
discontinuousand intercdated with agriculture. Farms usally have both adiviti es, this
is the resson why L2 polygonsare sneller in Pona Pad region. Anotler grea
difference between muncipaliti es is tre numker of farms ger polygon.In Mundo Novo
region thereare 10,5and in the opposié side we have Pato Murtinho with 0.7 1farms
per polygon. This indiaor refleds the charaderistic of the muniipalities, Mundo
Novo with snall subsisence producers and Pato Murtinho with extensive cdtle area.
Mean pasture size was also bigger for Pato Murtinho (28,5 ra), followed by Pona Paa
with 24,7 la and Mundo Novo with 23,6. This incdtor also refleds the difference
between threemunicipaliti es in £ms d land cover fragmentation.



Table 4 shows tk applicaion of the moddl in area deteded by remote sensing.
For Mundo Novo si predicted value was 10% éss tlan the observed value. Grea
differences in catle density were seen in Pona Paé region, 56% moe predicted than
obsrved and for Pato Murtinho sie the difference between ob®rved and predicted
was 23%.

Table 4. Number o f cattle observed and predic ted by linear model applied in pas ture
areas detected by remo te sensing

Muni cipality Observed Predicted Min. Max.
Mundo Novo 29,180 26,869 18,701 36,287
Pona Paa 105,081 164,970 147,631 185,336
Parto Murtinho 490,370 643,869 587,544 704,512
Total 624,631 835,709 778,631 902,172

Figure 5 represent the map of cdtle density (numker of catle per hedare)
predicted by tre modd and applied in pastue ares deteded by remote sensing.
Averge cétle per hedarefor Mundo Novo, Porast Pad and Pato Murtinho acording
to the prediction moddl was 1,32; 1,34and 0.98respedively, which dces not difer
from the indicaor cdculated based on numier of cdtle and pastue areadedared by
farmers (Table 2).
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Figure 5. Map o f animal densi ty in the three studied si tes



4. Discussion

The methodology poposd in this @per, to predict catle density and locaion from
medium resolution stellite images using olgd-based classficaion demonstated to
have good poéntial use.

OB classficaion showed gooduser’s and producer’s accuracy, as we were
interested in extrading pasture area, OB nethodologyfitted ou purpose. Jobinet al.,
(2008 noted that one of the advantages d OB is the utility of a knowledge base that is
beyond puely spedra information and includes obpd-related features sich as shape,
texture and context/relationship, along with the cgpability to include ancillary data.
Myint et al. (2011, found ttat including principal comporent images and NDVI within
an obgd-based ruleset classification produced significantly higher accuracy than
maximum likelihood classification. The greater producer’s and user’ s acairagy
achieved for pasture class was probably due to the fact of using NDM and NDW as
one of the indices in the hierardy classficdion.

Differences between deteded pasture aread byremote sensingand cedared area
were observed (Table 2). In Pona Paa region they were uncerestimated in 11%. This
could have happened dwe to the common padice in the region that is rotation of
cultures. Severd farmers have both agriculture and livestack production and part of
pastue area are used in agriculture for one or two yeas in ader to impove soil
fertility and after this period they return with cultivated pasture. The overestimation for
Pato Murtinho and Mundo Novo sés pestue areawas expeded. This @curred due to
the user’s accuracy, although it was highfor all three municipaliti es, we could sy that
therewas 20% in Mundo Novand 12% & error of inclusion, wrereother classes sich
as agriculture or marshes for example were included in pasture classand they do not
belong to it. Anotler factor that could influence these differences is also the database
from MAPA. Farm and pesture areaare dedarad by the farmers, Braalian govemment
has no georeferenced cadastre so cedared area could also ke notacaurate.

The linear modd to predict cattle density (R°=0.66) can be consicered a good
predictor becaise thereare other factors assaiated to cattle density thet arenot possils
to foresee such as ecmnomc situation of the farmers and also his eédsion d having
more or less catle in the farm due to market fluctuations and pasture quality. These
factors wouldcountfor the others 33% & data varnability.

Gred differences between ob®rived and predicted catle density by remote
sensing were seen in Pona Paa region, 56% moe predicted than ob®rved. As tre
model was built based on dedared pasture areaand catle numker when it is applied to
area deteded by remote sensing, itrecognizes snaller area as mae popubted. As
Pont Paa region hes a discontinuous psture area and a smaller areaof L2 polygons,
the model overestimates cdtle density.

Another factor assaiated with this dfferenceis the fact that the model was built
in loganthm, and wken it is randormed to exporential, the errors are multiplied and
when it is estimated the total catle for eadr muncipality the effed is a sum @
exporentia errors meking the total numkber supgerior. Fa Mundo Novo thiseffed did



not appearal becaise total areaof the muncipality and the numkber of polygons vere
much snaller than for the other two muncipalities. We can say that the modd is good
to predict catle density insice the polygons, but noaés good tacountfor the whole area
as the values areadded, errors areadded too.

Braalian govemment is imgroving farm and cattle register by implementing farm
georeferace The cadastre of all farms in Baal is expeded to ke concluded by the year
2025. Een in thisregion which isconsicered a modH for Brazl in tems d register, lot
of work is still needed. In Pona Pad, for example, from the 3540farms 620 did not
have GPS point laaion. In Pato Murtinho, from 704farms, 187 did not &ve GPS
locaion. In other regions d Braazl, this information does notexist.

As the density maps poduwced here have better spatia resolution tlen maps
produced by FAO, tley would heve better usage for suppating public politics related to
rural planning and a locd development and aso epidemiologic studes. Thre
methodology aveloped here aso hes poentia use for area where no information is
avail able.

5. Corclusions

Objed based classficaion showed to ke an interesting tool to dted and classiy
pastue area in the tropics. The results d the study lave a grea potentia to be used in
aread where scarceinformation is available. Limitation of the use is that the moddl is
restricted to the studyarea More studes should kb dore in order to extrapolate the
methodology to otkr regions o other counties which have the same charaderistics o
cdtle grazng or production sysems.
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