Remote Sensing
and GIS for Site

Characterization

Apphcanons and Standards

e e

o ."?i- ”:;JII ,'~ ‘ 'r e 4 .. -
00 B vhsm
.l . .F'I A *_.1 D-D.Nem't
A. |. Johnson

EDITORS




Library of Congress Cataloging-in-Publication Data

Remote serang and GIS for sde characierzabon : applicatons and standards / V.H. Singhroy.
D.D. Moberd, and Al. Johmson, edifors.
ISTP ; 12749)

Selected papers from the International Symposesm on Remote Sensing and GIS for Site
Charactenzation—Applications and Standards, held Jan, 27-28, 1834, in San Francisco, Call,

“ASTH pubiication code number (FON] 04.012700-38.7

incistlies bliographecsl relerences and ndexes.

ISEN 0-800010 02T -3

1. Engimeenng geclogy—Remote sensing. 2. Geographe: information systems. |, Singhroy,
wernon. Il Mebert, D WL dohnson, A 1 (Arnodd van), 1919- . . intermational
Symposien on Famote Sersing and GIS for Site Characterization—Appications and Standards
(1684 : San Frangksco, Cabf) V. Seres: ASTM special fechnical pubdication ; 1279
TAFDS AG3 1908
580" Hh—de0 Qe-4R004

Cop

Copyrsght © 1996 AMERICAN SOCIETY FOR TESTIMG AND MATERIALS. Al rights reserved. This
material may not be reproduced of coplad, it whola or in pant, in ony prinfed, moechanical, aleciromic,
{itm, of other dstribut:on end storegs media, without the written consent of the publisher,

Photocopy Rights

Authorization fo pholocopy tems for internal, pereona), or educatonal classrocom use, or the in-
tornal, porsonal, or pducabonal classroam use of specilic clients, is granted Dy the Amarican Society
for Tasting and Materais (ASTW} provided thal the eppropriate fee s paid fo the Copymight Cheae-
anca Center, 222 Rosewood Deive, [laavers., MA 015823, Tel 508-T50-8400; anknaé: httpud
wis. Copynightl oomy

Pear Review Policy

Each paper publahed n this wolime was evaluated by three pear reviewsrs. The authors
adoreesad gl of tha reviewers' commants to the ssbisfaction of both the lecheical edlors) and the
AGTM Commuties an Publications,

The quakty of the papers In this publicaticn reflacts not anly the abvious efforts of the awthers and
the lechnical editors), but aso the work of these peer revieswers. The ASTM Committes on
Publecations achnowledes with eppreciation thesr decEcation and contribution to tima and effort on
tehall of ASTM,

http://books.google.com.br/books?id=WNoMVIacGEIC&pg=PA43&Ipg=PA43&dq=A+change+detection+methodology+for+the
+amazoné&source=bl&ots=7UQZ8m0OJtb&sig=I0OPGyuFA-HCQuULPONKEo-mmurMc&hl=pt-
BR&ei=nZzVS9K1H4mOuAeVkoX0DQ&sa=X&oi=book_result&ct=result&resnum=8&ved=0CCOQ6AEwWBw#v=onepage&q=A%20change%?20detection
%?20methodology%20for%20the%20amazon&f=false

Printod v Prellacdiel pi
Marcih 1


http://books.google.com.br/books?id=WNoMVIacGEIC&pg=PA43&lpg=PA43&dq=A+change+detection+methodology+for+the

Contents

Overview—Y, H. Sivchiroy, D, D, Nesert, asn AL L Jowsson

Krymome

Fnvironmental and Geological Site Characterization in Vepetated Areas:
Image Enhancement Guidelines—Veny SinoHroy

Remote Sensing and Geographic Information Systems: Advanced Technologies
for Environmental Monltoring and Management—Manrrer Ewens

RemoTe SENSING APPLICATIONS

Digital Elevation Data, Landsat TM and Magnetic Data for Yisualization of
Geomorphological and Geological Features—FEier:, WesTir anp
BenoT Lunnen

Diata Transfer, Mecessary Interfaces, and Applications in a3 Modular Snow
Hydrology Modeling System—ALBERT RanGo Axn

Miciiam. F BavmoanTen

A Change Detection Methodology for the Amazon Forest Using Multitempaoral
NOAA/AYHRR Data and GIS—Preliminary Hesulis—
Ancrica C. D Mao Mawtovas ann Avserto W, Setzes

A Concepl for Remole Sensing Data Selection and Method Selection—
Ko B. Fung anp MLA. Ropsos

Spatial Data Technologies for Environmental Management Within the

Depariment of Energy (DOE): Issues and Applications—Bryax J. Avpins,

Craries L. Matkeny, Carousie B, Pueoy, asn Vers H, Sischroy

GeEOGRAPHIC INPORMATION SysTEM (GIS)

Integration of a 1S Dala Set with Aerial Photography Using GPS for
Control Points on the Newlands Project in Nevada—Davie T. Haxsex

Ann Mcnae. Scemat
Basic Data Requirements for Ground-Water GIS Systems—Prinre L. Ha

The Importance of Undergraduate, Gradoate, Technical, and Applied GIS and
Remole Sensing Educalion—Ropirt O, Bixpy

Geographical Information Systems (1S) Application to Analyze
Transportation EMects on Mineral Activities in a Developing Counlry—
RALPH EKINGETOMN ASARERE

17

29

k1]

43

47

- X

fafy

13

89

o3



Angelica C. Di Maio Mantovani' and Alberto W. Setzer?

A Change Detection Methodology for the Amazon Forest
Using Multitemporal NOAA/AVHRR Data and

GIS—Preliminary Results

REFERENCE: Di Mao Mantovam, A. C, and Setzer, A W. “A
Change Detection M ¢ For the Amaron Forest Using Muolil-
temporal NOAA/AVHRR Dats and GIS—Preliminary Results,” Re-
mote Sensing and GIS for Sie Characierization: Applicarions and San-
dards, ASTM STP 1279, V. H. Singhroy, D. 1. Nebert, and A, L. Johnson,
Eds., Amenican Society (or Testing and Materials, 1996, pp. 4326,

ABSTRACT: This paper describes indtial resuls of 8 methodology de-
veloped 1o locate new deforestation in the Amoron Tropical forest Tt
ines automatic classificaton of the Advanced Very High Resolution
Badiometer (MNOAATAVHRER) sutellite tmages and a Creographic Infor-
mathon System (GI5) data base. Full resolution and geometrically cor-
rected AVHRR channel } (3.7 pm) images of different dates of the Am.
aron region ane automatically compared in digital form, Places where
changes in the onginal cover of the wvegetation are detected hetween any
two different images have their locations determined through a GI5. In-
vl tests in the north of the sime of Moo Grosso, Braril, are
indicating the possibility of using AVHRR imagery operationally w detect
new deforestation. Besulis comparning deforestation in the AYHRR chan-
nel 3 with comesponding high resolution LANDSAT-Thematic Mapper
(TM) imapes indicated 56.5% of AVHRR correct location for 221 poly-
gons of deforestation with different sizes. 0% of correct locations was
obtained for the 50 TM polygons with deforestation greater than 3.1 km?®,

KEYWORDS: Amaron, AYHRER images, deforestation, G5, remode
sensing

The rapid change in tropical forests and particularly in the
Amazon vegetation cover has been causing an increasing global
concern in association with its impact on the environment (Sagan
et al. 1979; Sioli 1987; Salati and Nobre 1991). Considering the
dynamic of tropical forest cover change (Sader and Joyce 1985;
Feamnside 1989; Woodwell et al. 1987) the use of remotely
sensed data plays an effective role in environmental programs.
In recent years the Advanced Very High Resolution Radiometer
(AVHRR]} sensor. aboard the Mational Oceanic and Almospheric
Administration (NOAA) meteorological satellites, has had sig-
nificant impact in vegetation studies (Justice et al. 1985; Malin-
greau and Tucker 1988; Cross 199]), The use of the AVHRE 1.1
km maximum spatial resolution has many advantages because of
features like low cost of images, daily coverage, capability of
ncar real-time receiving and processing of images covering arcas
of continental dimensions (Kidwell 1991), the main limitation is
its relatively coarse resolution.

" Rescarch Engincer and Assistant Professor, Laboratory of Geogros
cessing. Universidade do Vale do Paraiba, P. Clindido Dhas Castejon 116,
5. J. Campos, 5P, Brazil, 12245720,

! Beientist, Institung Macional de Pesquisas Espaciais—INPESDSR, C,
Postal 515 5. 1. Campes, 5P, Bruei, 12201.

Processing and applications of the large amounts of data avail-
able from orbital remote sensing sysiems arc lime-Consuming
tasks. One of the ways that reduces this problem and optimizes
the analysis of daa, is the use of Geographic Information Sys-
tems (GIS) (Ehlers et al. 1989).

The ohjective of this work was to test a methodology for a
semi-automatic operational system to identify new deforesta-
tion in the Amazon Tropical Forest, combining multitemporal
AVHRR datz and a GIS on a shor-time and low-cost basis. Such
a system is needed 1o detect new deforestation sites in the mon-
itoring of the world’s largest rain forest,

Materials and Methods

The study arcas are located in the Brazilian Legal Amaron, in
the state of Mato Grosso, They are part of a rectangle of about
666 km * 444 km covered by sixteen standard maps at the
1:250.000 scale. Five areas, each one commesponding Lo a specific
map (Fig. 1), were used to test the methodology of deforestation
detection.

Two AVHRR {Advanced Very High Resolution Radiometer)
channel 3 (3.55-3.93 pum) full 1.1 km resolution images of the
NOAA-11 satellite from the 1990 dry season (30 July and 15
September) covering the Brazilian Amazon Forest were used.
Channel 3 images were preferred following the work of Amaral
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FIG. 1 —Saudly area, and MIR map sheets 274, 297, 298, 319, 320,
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1992, which showed this channel 1o be the best AVHRR resource
1o discriminate forests from non-forest covers. Figure 2 shows
the channel 3 image for the study area with geometric cormection,
but without any digital processing for the vegetation cover; no
other AVHRER channel or combination of channels had such clear
separation of forest % non-forest cover. In this image, the dark
arces clearly show non-forest cover, associated either with new
or old deforestation. The changes in the forest cover between
the dates of the two AVHRE images were analyzed in a GIS
developed by the Brazilian National Institute for Space
Research—INPE (Souza 1990)). The image processing was car-
ried out in an PC.-based B-bit/256 digital counts image process-
ing system known as SITIM and also developed by INPE (Souza
1990).

Because a single composite resulting image was 1o be pro-
duced the raw images were geometrically transformed and over-
laid; this was achieved applying a correction algorithm (Femnan-
des 1993) to each scene, This also removed imaging distortions,
and created pixels of equal size (1.1 km > 1.1 km) throughouot
the image. Another algorithm [/4] was used to identify cloud
pixels so that they were nol misclassified as forest. Clowd pixels
were identified in channel 2 and had the gray-level of 255 allo-
cated in channel 3, thus corresponding 1o the coldest lemperature
level,

The two AVHRR channel 3 scenes were processed using a
single-cell classifier. It is a supervised techmique, and in this case
of just one spectral channel, corresponds to the division of the
gray-level scale in classes—or “slices.” As the scenes were ac-
quired on different dates, each one was classified choosing dif-
ferent limits for each class, based on the histograms of the digital
counts of the pixels in the respective images. The classes chosen
were the following: forest, deforestation, and cloud. Samples of
areas of forest in each image were analyzed so that their re-
spective threshold classification limits were established.

The two classified images were imported to the GIS, where
the temporal analysis was carried out. The GIS allows the digital
cross-comparison of two images in order fo0 create another one
according o rules established by the user, In this case, a réfer-
ence layer resulling from the difference of the two images was
produced and this layer made possible the analysis of change

Lu

in the AVHRR chammel 3 (3 55383 pm) image of 15 September 1950;
durker tnex indicale deforestabion in general,

FIG. 3—"Difference AVHRER fmage ™ for the study area (87 10 10 Lar-
itwde 5§ and 58 o 80 longinde W) showing new deforestation in red

detection in the Amazon forest (Mantovani 1994), Figure 3 pre-
sents the “difference image™ of the two distinet channel 3 images
used, where the following categones/colors were applied:

® preen = forest cover in both dates;

® blue = non-forest cover in bath dates (old deforestation and
“cerrados™);

® red = new deforestation (deforestation detected from July
o September 1990);

® orange = regrowth (mainly secondary vegetation growth);

# white = clouds,

Validation

The validation of this study consisted in a comparison between
T™-Landsat and AVHRR-NOAA data, The extent of forest clear-
ing derived from TM data was obtained from the “Amazonia"
Information System (Alves et al. 1992), a remote sensing study
that has been coordinated by INPE. The “Amazonia™ System
consists of a geographically referenced database of deforestation
of the GIS extracted from Landsnt imagery photographic prod-
ucts. Features like deforested arcas {such as, cleared forest), for-
est, natural non-forest (or “cerrados™ ), and major water bodies,
have been digitized to creme 332 map sheets at the 1 250 000
scale, which cover the Legal Amaronia. The information of the
five TM maps comresponding to the five AVHRR study areas was
wsed as reference data. The remaining |1 areas shown in Fig. |
could not be used because their analysis within the “Amazonia™
Information System has not been completed yel.

The comparison between AVHRR and T™ deforestation data
wias done in order to verify the AVHRR capability 10 detect
changes in the Amazon forest. Initially, the geographical coor-
dinates of the centers of 221 different sized polygons of defor-
ested areas were located in the TM maps, with image dates vary-
ing from 24 July o 26 September 1990. These coordinates
formed an information layer which was overlaid (o the AVHRR
resulting image in the GIS. Through visual analysis the number
of correct locations of the TM centers of deforestion on the
AVHRR images was determined. MNeat, the number of comrect
AYHRR locations was obtained just for the 50 polygons with
deforestation larger than 3.1 ke’ owt of the total 221 polygons.
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Finally, an estimate of “false alarms™ was obtaned, based on
areas where new deforesiation was detected on the AVHER re-
sulting image but which could not be found on the TM maps.
This was done by comparing the location of all polygons of new
deforestation observed in the AVHRE resulting image in relation
1o the cormesponding TM maps.

Results

Tables 1| and 2 show the results obtained from the visual anal-
ysis, where the coordinates of the centers of deforested areas
located in the TM maps were overlaid on the AVHRR resulting
image in the GIS. From the 221 new deforestation sites identified
on the TM images, 125 (36.6%) were also detected by the
AYHRR resulting image (see Table 1) In 68 cases (30.8%) the
AVHRR product emoneously misclassified deforestation as orig-
inal forest cover,

This musclassihcation of new deforestation as forest i the
AVHRR resulting image can be interpreted as related to the size
of the deforestation polygons in the TM maps. Many of these
arcas were relatively small, even smaller than the spatial reso-
lution of the AVHRR (1.2 to 2 km?, depending on the scan an-
gle). Considering only the 50 TM deforestation polygons larger
than 3.1 km®, the rate of correct AVHRR deforestation idemtifi-
cation nises to 90% (see Table 2).

Some TM polygons greater than 3.1 km' were not identified
by the AVHRR, and this is explained due to the possible occur-
rence of selective deforestation in these polygons. In such cases
a significant part of the forest is left standing up, and in the T™M
polygons just a minor change in the texture and color is noticed
in relation 1o original forests. AVHRR, with its coarse resolution,
did ot indicate such sublle vamatons in the forest cover. Figure
4 shows a low altitude aenial view example of selective defor-
estation in the northeast of the study area, where narrow patches

FIG. 4—Aerial view of selective deforestarion in the northeast of the
sty e

and a very small fire can be found; such minute features are nod
detectable with the resolution and orbit of the AYHRE.

Table 3 shows the results obtained from the analysis of *false
alarms.” Some of these false alarms, around W&, occurred on
areas of cerrado, Areas of this vegetation type are also subject
1o deforestation, but they were not analvzed in this work because
of the lack of 8 T™ reference base. Without these cases the
percentage of false alarms is reduced from 32.4% to about 22%.
Other factors also led to false alarms. These were misclassifica-
tons due to radiometric differences between AVHRR images,
specially in the case of mixed spectral response of edge pixels
Iving along the conmtact between forest and non-forest areas [¥],
and to the misregistration of the AVHRR images caused by the
maximum attainable accuracy of one pixel.

TABLE | —Resulrs oftaimed frem 220 podvgons analvzed

Cosmesponding identification
No. of T™ e SN U VR
TMUMAP Deforestanon Mew
Number Polygons Deforesiation Regroath Foresi Mon-Posest Clowd
T4 A5 i3 il 11k ol
2087 40 I L 14 i
208 A4 4 i 14
L1L Al £ il 1 il
i I 52 24 LK) 1% 02
Tiotal 22 25 ¥ fi¥ L]
% TELLLE Sk i¥a RILE 0.7

TABLE 2—Resulty obtamed fromm 50 polygors preater than 3, 0 ke,
Corresponding sienti bcation

TABLE 3—Towal amounr of mew deforestanion ofsenved om AVHRER
requliing imape and pereentage of “falie alerms”

No. of T™M {classes) in the AVHRR i AVHRR Resulting i
T AP Dheforestation e Sdy - — o Lo
Mumbber Poly pons Correct AVHER Location e Toaal cases of Defonesiation “False alarms"
274 1] (] 274 23 51
297 o7 ar 2y 2 X4
298 o7 o 294, T(KS 34
LIk i 1y RALY] 135 47
3 17 i 120 202 K
Toaal 50 45 Tinal T 248
& [EL RN CH1 N % B Oy Az4
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Conclusion

This work is a pilot investigation of a low-cost methodology
for a semi-aulomatic system 0 detect changes in the Amazon
forest using multiiemporal NOAAAVHER data and a GIS. The
ptility of chanpel 3 (—3.7 pm) AVHER images was shown as
an slarm ool to indicate areas sus: of new deforestation.

Results comparing deforestation on an AVHRR resulting im-
age with comesponding high resolution Landsat-TM data indi-
cated 56.6% of AVHRR corect location for 221 polygons of
deforestation with different sizes, and M0% of correct location for
50 polygons with deforestation greater than 3.1 km®, Considering
the total amount of new deforestation polygons observed on the
AVHRR resulting image, an error of about 22% of “false alarms™
was verified.

The results have shown that NOAA/AVHRR has the potential
b detect large deforestations in the Amazon forest much faster
and cheaper than existing alternatives. Additional tests are being
conducted to improve this methodology and to analyze the
sources of enmors Wwwards an operational AVHRR deforestation
detection program in Brazil,
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