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Detection and Monitoring of Active Fires
Primary goal of the Workshop:
Discussion the problems related to methodology and 

algorithms of products for thermal anomalies detection 
and monitoring by satellites.

Emphases on the applicability of these systems for fire 
emergency management. 

Possibilities to improve their detections and the quality 
of the product. 

Possibilities for their operational use to be enhanced.

MSG Land Surface Applications: Drought and Fires
EUMETSAT–NIMH Bulgaria Training Workshop 2009, 7 - 10 September, Sofia 

About the objectives of this presentation, as told us by 
Julia Stoyanova in the 1st lecture of this Workshop,



Weather Forecasting and Fire Risk Assesment
Integrated system for vegetation fire monitoring and
Fire weather forecasting
Fire danger rating, or risk assessment systems aim at 

integrating weather elements and other factors that affect 
fire potential, such as vegetation and topography. 

Due to its very high temporal resolution, MSG system is 
capable to provide data in support of weather nowcasting
offered by the operational meteorological services. 

Satellite observations can be combined with real-time 
collected surface observations by in situ networks dedicated 
to hazard monitoring.

MSG Land Surface Applications: Drought and Fires
EUMETSAT–NIMH Bulgaria Training Workshop 2009, 7 - 10 September, Sofia 

And Julia also stressed



NIMH of Bulgaria already produces 
analyses and forecasts of fire risk
http://info.meteo.bg/index.php?glaven=pojar



NIMH of Bulgaria is already 
validating fires and 
comparing algorithms
(Julia Stoyanova & Christo
Georgiev, 08/Sept/2009)



So, what will this guy from South America tell us about fires in SE Europe?

This presentation will concentrate on the Brazilian operational fire system in 
South America with thousands of real-time users, developed over 20 years 
of practical experience with different satellites (including MSG). And we will 
use near-real-time products 

The INPE Fire system is a result of a combined continuous effort of:

• DSA/INPE: Satellite Image Reception Division

• CPTEC/INPE: Center for Numerical Weather Prediction and Climate Studies

• DPI/INPE: Digital Image Processing Division

• IBAMA: Environmental Institute of Brazil

The system depends on:

• Fire detection from all satellites we can get

• Weather products (analysis, forecasts, climate, etc.)

• INTERNET tools (webpages, GIS, emails for alerts, etc.)

• USER SUGGESTIONS

WARNING:

USE ONLY 
WHERE 
LOCAL 

MONITORING 
IS NOT 

AVAILABLE!!!





With the dry season (July_November) in the Central Region and Amazonia, the 
usual wide spread and uncontrolled use of fire in the country returns 



Fires in 2009, 
as in most 
years, affect all 
regions of the 
country  



Simple Equation: Human Presence = Fire

Number of fires  =
f (climate, economy 
& law enforcement)



The number of fires depends largely on the climate pattern. August/2009 had less 
fires occurrences in most of South America mainly because of the above-average 
precipitation. The three figures show for tAugust/2009 the climatology of fires, the 
anomaly of fires and precipitation anomaly. 



The fire season in 2009 started with a 
crítical case in the “Pantanal” ecosystem 
in May, after a dry period of 2 monts





The local environmental agencies and 
the press rely on the satellite monitoring 
to inform the public about the fire 
occurences and effects



The state controller demands 
actions against the fires based 
on the satellite monitoring



Fire occurrences follow a somehow cyclical pattern realted to the weather.
2009 is so far a relatively wet year, also with law enforcent more effective



Vegetation Fires in Paraguay were 
also intense in April/2009, with 
severe effects in the population 
and the regional environment 



Vegetation Fires in Paraguay were also intense in April/2009, with severe effects in 
the population and the regional environment 



Major fire 
episode in 
Argentina, 
early 
April/2008, 
“Entre Rios 
Province”



This fire episode in Argentina hit the headlines because of the internal political (protest 
by peasants against the government) and economical implications



This fire episode in Argentina hit the headlines because of the internal political (protest 
by peasants against the government) and economical implications



And, as in similar past cases 
the issue became a point of 
international affairs, with 
Brazilians complaining about 
the nuisance.



Bolivia, Brazil, 
Colombia, 
Paraguay, north
Argentina, 
Venezuela are all
subject to similar 
conditions due to 
the widespread use 
of vegetation fires



Extreme health
consequences
occur frequently in 
different countries
as a result of
these fires



Extreme health consequences occur frequently in different countries as a result of these
fires



Energy blackouts are common are common when fires occur close to transmission
lines disrupting industry, the economy and activities of millions of consumers.



The paper and pulp industry
suffers heavilly from the
vegetation fires that spread 
into their plantaions.



A recent case of a fire of anthropic
origin in a protectec area (indian
reservation of Utiariti, MT) that burned 
more than 600 km2 of dense natural 
savanna forest during ~one month



A typical “SNAFU” situation



“Fire is a fact of life in Brazil and will remain so”
U.S.D.A. Forest Service Report, November/02, 1990

Authors: Dick Cox, Bob Mutch, John Swanson & Paul Weeden



The spatial and temporal evolution of the use of fire in Brazil is 
better understood with the use of animations of regular satellite
imagery along the years.

Chnage to the animations for Brazil and South America,

http://pirandira.cptec.inpe.br/queimadas/animacao/todos/loopt.html

http://pirandira.cptec.inpe.br/queimadas/animacao/todos_ams/loopt_ams.html



Well, this situation is not restricted to Brazil





GOES-8, up to ~1/15minutes Internet GIS- Sigma(Map Server), 
for the general public, all fires

Files with fires coordinates in text 
format via ftp to registered users

Fire Risk maps(current & frcst), in 
.gif and .shp; “Firegrams”

Alert emails for fires detected

Weather data from gnd. stations

Overview of the INPE fire system main components

MAIN INPUT MAIN USER’S  PRODUCTS

MSG-02,  every 15minutes

GOES-12,  every 3 hours

MODIS (AQUA & TERRA),   
2 sets of 2 images/satel./day

AVHRR/NOAA (15,16,17,18)   
1 or 2 sets of 2 img/satel/day

Precip. form GOES & MSG imgs

Fire risk (danger) method

Numerical Weather Forecasts

Numerical Trajectory Analysis

Internet GIS (TerraLib/INPE) for 
the general public, all fires

Internet GIS (TerraLib/INPE) for 
the general public, Conservation 

Units and special areas

Smoke estimates and forecasts

Daily reports in .pdf via email

Validation of the detections



The satellite images are all received at 
INPE by the Division of Environmental 
Satellites, DSA, at Cachoeira Paulista
(SP) and Cuiaba (MT):
GOES and MSG at C.Paulista; 
MODIS at Cuiaba;  AVHRR at both.

GOES 
reception, 
C.Paulista

MODIS 
reception, 
Cuiabá

AVHRR 
reception, 
Cuiabá



Example of hot 
pixel detections
during the “fire
season” in 
Western
Amazonia.

Sensor MODIS, 
AQUA satellite

Hundreds of
smoke plumes
with hot pixels
at their origin



Example of hot 
pixel detections
during the “fire
season” in 
Western
Amazonia.

Sensor MODIS, 
AQUA satellite

Hundreds of hot 
pixels, akas fire
pixels, indicate
the vegetation
fires.

The INPE fire
system just
detects the fire
pixels and
obtains their
coordinates.









Example of hundreds of fires detected on a single day as shown by INPE fire system



Fire events are detected by different satellites, as indicated by the colors of the pixels



In the last 20 years the monitoring of fires in Brazil evolved into a system with
hundreds of operational products and thousands of registered users in South
America. The expirience and the interaction with the users as well as the evolution
of the internet and GISs together with the $upport from the government were
essential in this process. Please chek the webpages
http://www.cptec.inpe.br/queimadas and http://www.dpi.inpe.br/proarco



Change to the actual webpages for examples of 
different operational products of the INPE Fire system

http://queimadas.cptec.inpe.br

http://www.dpi.inpe.br/proarco



Examples of products with fires and clouds, vegetation, fire risk and Modis fire data.



Maps of Fire Risk



“Firegram” based on numerical weather forecasting



Example of email alert for fires in the conservation units



Users specify the products and reports
they want to receive by email



Código Florestal Brasileiro
Artigo 27 - É proibido o uso de fogo nas florestas e demais formas de vegetação.
THE FOREST CODE IN BRAZILPROHIBITS THE USE OF FIRE IN THE VEGETAT.

Parágrafo Único - Se peculiaridades locais ou regionais justificarem o emprego do
fogo em práticas agropastoris ou florestais, a permissão será estabelecida em ato do 
Poder Público, circunscrevendo as áreas e estabelecendo normas de precaução.

Artigo 28 - Além das contravenções estabelecidas no artigo precedente, subsistem 
os dispositivos sobre contravenções e crimes previstos no Código Penal e nas demais 
leis, com as penalidades neles cominadas.

Artigo 29 - As penalidades incidirão sobre os autores, sejam eles:
a) diretos;
b) arrendatários, parceiros, posseiros, gerentes, administradores, diretores, promitentes 
compradores ou proprietários das áreas florestais, desde que praticadas por prepostos 
ou subordinados e no interesse dos proponentes ou dos superiores hierárquicos;
c) autoridades que se omitirem ou facilitarem, por consentimento ilegal, na prática do 
ato.

Artigo 30 - Aplicam-se às contravenções previstas neste Código Penal e da Lei de 
Contravenções Penais, sempre que a presente Lei não disponha de modo diverso.

Artigo 31 - São circunstâncias que agravam a pena além das previstas no Código 
Penal e na Lei de Contravenções Penais:
a) cometer a infração no período de queda das sementes ou de formação das 
vegetações prejudicadas, durante a noite, em domingos ou dias feriados, em época de 
seca ou inundações;
b) cometer a infração contra a floresta de preservação permanente ou material dela 
provindo.



The Brazilian Amazonia with ~5 million km2 and its 674 Protected Areas:
137 Federal Conservation Units with 585.6 x 103 km2; 159 State Conservation Units 
with 559.8 x 103 km2, and; 378 Indian Territories with 1,077.8 x 103 km2. (Source: 
ISA, July/2007)



Ranking of fire events in the Protected Areas of the Brazilian Amazonia in 2005 
according to INPE’s monitoring of fires. On the left, only NOAA-12 detections, 
and on the right, all satellites available. (Only the beginning of the list shown.)



National Forest “Bom Futuro”, Rondonia: dozens of fire pixels and the associated 
smoke plumes along fire fronts of many km, as detected by the INPE monitoring 
system on 31/August/2008. On the right, a news clipping reporting the same event.
This is a critical example of illegal fires inside a Protected Area that occur every year. 
Note the development projects with the “fish-bone” pattern surrounding the area.



Fire occurences
inside the
conservation unit
of Floresta 
Nacional Bom 
Futuro, in the
state of Rondônia, 
with 1775 fire
pixels in 2005. 
The detection and
location of the fire
pixels is delivered
to users in near
real-time.



National Forest Bom Futuro, RO, in 1989 and 2008. Source: ProAE/SIPAM.

In the 2008 the “fishbone” development pattern is easily noticed inside the 
protected area - what should have never happened according to the legislation.



Vegetation fires in the indian territories are very
common. A new and specific effort has been
started with them through the Fire Department



Fires in the Protected Areas of the Brazilian Amazonia are reported very often in the 
press and TV. The situation is widely know, but was not quantified until this study 
using INPE’s system to monitor vegetation fires with satellites.



-For the 674 Protected Areas, 473 of them, or 70.2%, were 
affected by fire when using just the detections made with the more 
consistent AVHRR/NOAA-12 series.  With  data from all satellites, 
these values rise to 617 areas with fires, or 91.5% of them.

- The extent of the fire effect in the Protected Areas affected 
varies widely, from cases when over 70% of  the area shows fires
almost every year, to those when only isolated fires are identified 
at the boundary of the area.
- The Protected Areas of the Brazilian Amazonia comprise about 
2.1 million km2, or ~42% of the region. In general, these Protected 
Areas have no practical means to prevent or combat fires.
Occurrences of illegal man-caused fires in the Protected Areas of 
Amazonia present a definite case for scientific, environmental, 
ecological and administrative concern.



A sad case that
summarizes the
current situation in 
the country 
concerning the use 
of fire in the region.



A sever fire episode in 
Bolivia, with individual fires 
forming a front > 200 km



Important: the number of fire
detections varies greatly with
the algorithm (filters), as in 
the example using 35oC & 
45oC with 4um thresholds.

t > 35oC, more fires

t > 45oC, more 
conservative



Thresholds for the INPE GOES and MSG fire algorithm
Albedo, 

ch.0.6um
Tb2, chan. 3.9 

um
Tb4, chan. 11.0 um (Tb2-

Tb4)
0%  - 3% 
(“night”)

> 308.15 K (35ºC) > 263.15 K (-10ºC) > 16 K 
(16ºC)

3%  - 12% > 318.15 K (45ºC) > 263.15 K (-10ºC);      
< 308.15 K (35ºC)

> 22 K 
(22ºC)

12% -24% > 323.15 K (50ºC) > 263.15 K (-10ºC);      
< 303.15 K (30ºC)

> 25 K 
(25ºC)

Additional controls:

• Sun glint in the pixel

• Noisy lines

• General quality of the image

IMPORTANT: VALUES OBTAINED FROM THOUSANDS OF REAL FIRES



A Fire Pixels is eliminated if suspition of sun glint exists from:

a1) Water bodies) in the matrix of 21 X 21 pixels centered in the
potential fire pixel, and except for itself, any pixel has albedo 
>80%

a2) Water Bodies) in the matrix of 21 X 21 pixels centered in the
potential fire pixel, and except for itself, any pixel has albedo  
>60% and at the same time, channel 4 temperature > 15ºC;

b) Exposed Soils) in the matrix of 09 X 09 pixels centered in the
potential fire pixel, and except for itself, 25% or more of the pixels
have a channel 2 temperature > 45ºC.

c) Clouds) in the matrix of 3 X 3 pixels pixels centered in the
potential fire pixel, and except for itself ,75% or more of the pixels
have an albedo > 24%.



An image line is eliminated because of noise if it presents:

a) 10 or more “fire pixels" are detected in the ocean;

b) 50 or more contiguous “fire pixels”;

c) 300 or more “fire pixels”;

d) 97% or more of the pixels with zero count in the visible
channel (because even at night the expected are values close 
to zero due to background noise, but not zero).

The whole image is eliminated because of noise if it presents:

a) >300 fire pixels at night time;

b) Increas of >50 fires in relation to the last synoptid time image;

c) >2.000 fire pixels at day time;

(Note: day time images are those between 10:45 h & 23:45 h 
UTC; all other images are nocturnal.)



Example of an automatic 
email message sent by 
the INPE-GOES 
processing algorithm, 
indicating that a GOES-
10 image was not used 
in the fire system 
because its internal 
errors exceeded the 
limits allowed.

Although 2 fire pixels 
were detected in the 
image at 20090909 
09:30, because a “fire”
was detected over the 
ocean, the data was 
rejected.



Specific page for 
GOES-8 fire
detection, with its
own products as 
clouds, animation, 
persistence, etc.

http://pirandira.cptec.inpe.br/queimadas/v_anterior/geosat/goes10/agc_body.html



Specific page for 
MSG-02 fire
detection, with its
own products as 
clouds, animation, 
presistence, etc.

http://pirandira.cptec.inpe.br/queimadas/v_anterior/geosat/msg02/aml/asc_body.html



http://pirandira.cptec.inpe.br/queimadas/v_anterior/geosat/msg02/afr/qc_body.html

Specific page for 
MSG-02 fire
detection, with its
own products as 
clouds, animation. 
persistence, etc.



Examples like also this provide valuable validation of the detection algorithm.





Fires in Greece, August/2009



Greek fires as detected 
by the INPE System 
using MSG-02, 
August/2009



Fires in Spain, France and Italy as detected by the 
INPE System using MSG-02, August/2009





An example of limitations in the sensor: MSG-02

“blinding” of the sensor



Result: false detections !

An example of limitations in the sensor: MSG-02



“Bow-tie” effect in a MODIS ch.1 image after the image correction
procedures. Such situations bring unsurmountable problems when
individual pixel analysys is needed (as in the automatic fire
detection)



Be careful!

Different satellites will
produce very different
detections and statistics
for the same place

Comparison of multi-
satellite fire detection for 
the 30 days of 
2004_June in the state
of Mato Grosso

Comparação da detecção de focos para o Mato Grosso em junho/2004
Dia Goes12 AQUA Goes12 AQUA Goes12 NOAA-12

17:45 MODIS_1N 17:45 MMODIS 20:45 Tarde
1 9 11 9 1 22 234
2 7 45 7 0 11 260
3 3 19 3 66 10 38
4 2 47 2 236 33 106
5 36 7 36 1 17 369
6 4 73 4 121 12 259
7 45 35 45 833 44 187
8 79 30 79 15 93 106
9 57 261 57 24 87 529

10 87 92 87 66 69 678
11 62 242 62 482 71 185
12 73 154 73 58 66 130
13 6 35 6 115 21 176
14 46 326 46 571 61 744
15 69 55 69 19 83 402
16 67 413 67 634 60 145
17 31 28 31 12 48 499
18 54 287 54 571 78 847
19 24 41 24 68 33 106
20 43 104 43 228 64 92
21 34 141 34 265 48 375
22 70 91 70 4 63 852
23 39 472 39 925 79 379
24 58 28 58 13 72 101
25 55 192 55 34 57 277
26 8 7 8 417 118 1116
27 77 271 77 527 45 278
28 77 234 77 407 76 132
29 94 145 94 254 95 568
30 47 393 47 702 71 1074



Comparação de queimadas no Mato Grosso entre GOES-12 e MODIS-
01
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Comparação de focos no Mato Grosso, MODIS-01 e MODIS_NASA
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CPTEC/INPE product with 435 fires
detected in the norther state of RO

INMET with 00  fires detected in RO and
lots in MS e Paraguaiy

Dependending on the algorithm, products vary tremendously for the
same satellite/images/time/area. The example shows fire detections on
17/March/2003 as copied from the INPE and INMET web pages.



Satellite images need
field validation !!!

There are three kinds
of lies: lies, dammed
lies and satellite
images.

(J. Marcus, BBC diplomatic
correspondent, 26/Oct/2007)



Base: Alta Floresta, MT

1. Indian Territory Parque do Xingu; 577
photos over 1250 km, Oct/18/2007.

2. Indian Territories Maraiwatsede and
Urubu Branco; 392 photos over 1350 km,
Oct/19/2007.

3. Indian Territories Kayabi, Arara do Rio
Branco and Juruena Nat. Park; 

404 photos over 1.150 km, Oct/03/2007.

Aerophotographical Survey
Flights on October 18, 19 and 20, 2007

Location of the 3 flights made for validating INPE fire pixels



Digital camera: Nikon D1x.
Imaging angle: 63º centered at the aircraft’s nadir.
Flight level: 1200 to 1500 meters.
Aircraft model: Embraer EMB110.
Time interval: manual operation.
Coordinates recorded by the camera log and flight tracking.

Main characteristics of the aerial photos



Digital photos: 3008 x 1960 pixels (5,6 megapixels).
Ground imaging dimensions: 900 x 1400 meters, average; transversal.
Number of photos: 1373, total.

~1400 m

~9
00

 m

Main characteristics of the aerial photos



Catalog of the aerial photos

All photos were manually interpreted for different types of land cover
and individual spacial features.

PHOTO
LAT
LONG
LATITUDE
LONGITUDE
GPS
ALTITUDE
DATE
HOUR
EXPOSITION
FOREST_SCAR
DEFOREST_SCAR
ANTHR_FOREST_SCAR
ANTHR_DEFOREST_SCAR
FIRE
BUILDINGS
COAL-PIT

CLOUD
WATER
FOREST
ANTHROPICAL
BARESOIL
CHANGEDFOREST
OBS
RELIEF
FLIGHTHEIGHT
LENGHT
WIDTH
POLYGON
QUICKLOOK
LOCAL
QTPOINTBUFF
QTPOINT

Attributes of the aerial photos



Patterns of linear burning are common 
and easily noticed in TM images, as in 
this scene of Oct/04/2007.

TM / Landsat Images were used to 
extend the analysis of fire pixels and 
burned areas to the vicinity of the 
areas covered by the aerial photos.



TM Scene of Oct/04/2007 and the sequence of aerial photos of a flight line on 
Oct/18/2007, confirming the fires in linear patterns (“leiras”)

GOES, AQUA and 
TERRA fire pixels 
detected by INPE  from 
Sep/23-28/2007

~1400m



The coordinates of the individual fire
pixels detected in the period of 15/Sept to 
19/Oct/07 were used to define circular 
buffers of potential fire occurrences, 
depending on the spatial resolution of the 
satellite sensors.

Buffer size for the fire coordinates:
1.1 km for NOAA and MODIS.
5 km for GOES
6 km for METEOSAT

The aerial photos were classified 
according to the attributes defined in the 
catalog, in order to relate their spatial 
analysis with the fire pixels.

Analysis of the individual photos



Results

Summary analysis of the individual photos, Flight 1

Using only the aerial photos, the potencial Commission Cases amounted to 
19% and the potencial Omission Cases, 13%.

These values were greatly reduced after examining the TM / Landsat images
for the region, where the spatial buffers were used to account for expected
navigation errors in the location of the fire pixels.

Photos with scars and fire pixels in the surrounding

Photos with scars and no fire pixels in the surrounding

Photos with no scars or fire pixels in the surrounding

Photos with no scars and with fire pixels in the surrounding

Sep 15 to Oct 19, 2007 fire pixels



Dates:
18/Oct/07: Flight 1
15/Sep/2007: fire pixels, start date
19/Oct/2007: fire pixels, final date

Flight 1 covered an area of 5 TM / Landsat scenes.

Validation of fire pixels using the aerial photo mosaics
TM / Landsat scenes of different dates were used for the contextual analysis



Scenes for the start date

Scenes for the end date

Landsat / TM scenes used for the 
“start” and “end” dates in the 
contextual analysis to validate the 
fire pixels in the areas outside (but 
near) the aerial photos.



Square buffers centered at the coordinates of the fire pixels along a flight line, :
1 x 1 km for AQUA, Terra, MMODIS-01D, NOAAs-15A/15D/17D/18A/18D.
5 x 5 Km for GOES
6 x 6 km for METEOSAT

Validation of the fire pixels using the aerial photo mosaics
together with Landsat/TM scenes

5 
km

5 km



Number of photos: 336 aerial photos in 61 mosaics from Flight 1.
Area covered: 36.885 ha.
Amount of fire pixels, Sep/15 to Oct/19/2007: 485 (201 GOES; 24
METEOSAT; and 260 other satellites).
Potential Commission cases: 1,23%, 6 fire pixels.
Omission cases: 5%, totaling 1.855 há.

Validation of the fire pixels using the aerial photo mosaics
together with the Landsat/TM scenes

~1400 m

Mosaic of aerial photos, Oct/18/2007



Classification of 6 fire pixels with
potential commission errors:

Unlikely: 4 fire pixels
Inconclusive: 2 fire pixels

It is difficult to corroborate Commission
Errors because of:

Existence of roads in the forested
region imaged in the aerial photo, 
indicating human presence and intense
logging activities;

Possibility of ate least 1 pixel 
displacement in the fire pixel data 
(misregistration) and presence of other
fires in the surroundings;

Strong anthropic evidence in the
region.

Validation of the fire pixels using the aerial photo mosaics
together with the Landsat/TM scenes - Commission Errors

~1400 m

Mosaic of aerial photos, Oct/18/2007



ExampleExample ofof a potencial a potencial commissioncommission errorerror for a GOES for a GOES firefire pixelpixel..
No No firefire scarsscars are are visiblevisible in in thethe 5km x 5km 5km x 5km squaresquare centeredcentered onon thethe GOES GOES firefire deteciondetecion, , 
butbut nearbynearby burnedburned areasareas existexist to SW to SW andand NE, NE, andand thethe wholewhole areaarea is is undergoingundergoing forestforest
conversionconversion. . NavigationNavigation erros erros ofof 01 km are 01 km are expectedexpected in in satellitesatellite imagesimages, , andand in in thisthis case case 
wouldwould explainexplain thethe commissioncommission errorerror..



ExampleExample ofof a potencial a potencial commissioncommission errorerror for a MODIS for a MODIS firefire pixelpixel..
TheThe MMODIS MMODIS firefire pixelpixel ((purplepurple dot) dot) atat thethe centercenter ofof thethe figure is ~2.5 km figure is ~2.5 km fromfrom thethe
burnedburned areasareas mappedmapped in in thethe aerialaerial photophoto mosaicmosaic. . ConsideringConsidering onlyonly thethe mosaicmosaic it it 
seemsseems a a commisioncommision errorerror, , butbut examiningexamining thethe surroundingssurroundings in in thethe TM TM imageimage, a , a firefire
scarscar is is noticednoticed atat thethe pixelpixel locationlocation. . 



~3% of Potential Commission Errors in the Fire Pixels

5% of the areas burned were not detected - Omission Errors

Conclusions (Flight 1)



All photos and results of this validation work are available at

http://sigma.cptec.inpe.br/produto/queimadas/catalogo/catalogo.htm



Example of a validation case by
a user who...

...thought he found
an error in the
satellite detection, 
for not being aware
of the geographical
accuracy of the
detection !!!



This fire on 16/August/2009 at S.J.Campos, SP, was not detected by the system.

WHY ???



Terra 
20090816_1344

Aqua 
20090816_1637

Location of the 
fire not detected



Aqua 20090816_1637 
detected other fires, 
about 50 km east

Terra 20090816_1344 
detected the fire, but it’s 
count was below the 
algorithm threshold of 3200

The fire could have been detected with a manual/visual analysis, but was 
eliminated in the automatic processing.
We know we use a conservative algorithm!

Image 
noise!



NOAA-12 fires on 05/Aug/2007_20:23,
Brasilia, DF, Brazil

Many fires could have been detected with a 
wider threshold, but just one was selected by 
the automatic algorithm. WHY?



Because thousands of 
false fires would have 
been detected in other 
parts of the image.



This validation study 
was done by one of 
the users, the Foretry
Institute of the State of 
Minas Gerais.

All fires in the 
Conservation Unit are 
mapped by ground 
crews using GPS.
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sensors



Another example of validation: National Park of
Ilha Grande, PR, Brazil

• A large fire took place from 30/April-
12/May/2006, burning almost the entire park



National Park of Ilha Grande – PR - Brazil

Focos de calor 

Fire pixels detected during the fire 
period of 01/April-31/May/2006

Significant parts had no fire pixels

The NASA-UMD fire product
detected nothing in this case –
possibly because of the contextual 
algorithm.



National Park of Ilha Grande – PR - Brazil

Número de Imagens
(01/Abril a 31/Maio 2006)

16,67%
15,00%

25,00%
43,33%

Úteis

Ângulo zênital > 46º

Cobertas por nuvens

Sem cobertura da
região

Only 15 AQUA/MODIS images covered the park
during 01/April-31/May/2006



AQUA-MODIS image, 03/Sep/2005, showing fire pixels and smoke
during the Acre episode, Rio Branco, AC (field pictures, Foster Brown)



Fire pixels and smoke transport
in  MODIS/AQUA  images from
Sept/2005 for AC, AM, RO, 
Bolívia and Perú, 



Forest fires , Acre/2005. Dark areas indicate burned areas, 
~ 300,000 ha (from Foster Brown, UFAC)



Acre Fires - 2005

INPE                                                            28 de junho de 2006

Landsat 5

Scene 002-67 from:10/Aug/2005, 11/Sep/2005 and 13/Oct/2005

CBERS II

Scene 180-112 from: 12/Oct/2005, 16/Sep/2005 e 21/Aug/2005

Landsat 7 (orto: correction base)

Scene 002-67 from: 02/Aug/1999

Scene 002-68 from:24/Nov/2000



Results (examples)

INPE                                                            28 de junho de 2006







% of fire pixels regarding their distance to the fire scar for 
different sensors in the Acre Forest Fires of 2005



Limitation and errors for the INPE Fire Monitoring System:
- The location of the pixel is limited by the size of the pixel:.

• NOAA, 1 km to 4.5 km
• MODIS,  1 km to 3 km
• GOES, 5 to 7 km
• ± 0.5 píxel is the best theoretical limit
• Erros in the quality of the image navigation increase the above errors

- Omission detections caused by:
• lack of na image at the correct time
• cloud cover over the area of the fire
• surface fires, not reaching the canopy
• steep topography
• Small fire size.

About 20% to 50% of the fires are detected by the NOAA 
satellite, and 70% if all images from all satellites are used..

- Comission errors are extremely rare.Comissões falsas por 
algoritmos limitados



Vegetation fire data from satellite is officially used as one of the
indicators in the national health system



Satellite fire data is 
one of the factors in 
the calculatin of
heath stress and
riskby the Health
Minisry



For example, the State of Mato grosso
issues daily reports concerning health 
effects based on the output of the 
INPE Fire System. Program VIGIAR-
SISAM



The automated 
products are 
ingested in the 
user’s reports



National Bureau of Statistics
National Atlas of Brazil, 2004



Map 22 – Density of vegetation fires/hot pixels -
Brasil – 2002  Fonte: Atlas nacional do Brasil digital.

Rio de Janeiro: IBGE, 2004.  DVD.

Another
example on how
the fire question
is being handled, 
something that
did not occur
before.

Our official
Atlas has a 
map of fires!



Another (recent) product by Brazilian Bureau of Statistics:
The index of Sustainable Development, IBGE, RJ, 2008



Another (recent) product by Brazilian Bureau of Statistics:
The index of Sustainable Development, IBGE, RJ, 2008

Fire Pixels



Another product by Brazilian Bureau of Statistics: Maps of fire
pixel density in Protected Areas as a measure of Sustainable
Development,  IBGE, RJ, 2008



Example of regional 
use of fires: the
Minas Gerais GIS



Example
showing the
use of the
INPE fire data 
for regional 
environmental
policies in 
Amazonia: 
State of Acre



Fire GIS for the state
of Ceara.



The fire GIS for the
State of Para



A productive blend: Fire monitoring, conservationism and law enforcement



What was the cause 
behind the fire
management plan for the
Emas National Park?

Curiously, it was the
judicial action started by
na NGO: the public
forcing the government
to act according to 
existing laws.



“Currently, at PNE, natural fires resulting from 
lightning prevail, and in general are associated 
to storms in the wet months. From 1995 to 
2003 no lightning occurred in the dry season 
(june - august)…” (pg.101)

Parque Nacional das Emas: show-case (though
not yet ideal) for a fire management program
that resulted from satellite data (França et al., 
2007)



The use of the fire data is essential at the local and regional scales. The wide-spread
use of the internet and of GIS tools create na ideal match. Just in Brazil over 500 web
pages are dedicated to the question of the uncontroled use of fire in the vegetation. Na 
outstanding exemple is the “forum MAP” for  Bolívia, Brazil and Peru, coordindated by
Dr. Foster Brown at Universidade Federal do Acre.



Typical example
with many
articles about
vegetation fires
in the Brazilian
press on a 
single day, as 
identified by
Google Alerts.

Two decades
ago, this was
the amount of
articles in the
midia during a 
full year !



Current examples of law suits by the State against the State.



Example of the BAR 
association supporting
the law suits against
the State



Personal testemony of federal 
judges supporting the cause 
against uncontrolled fires.



Legal actions are shaping the current policies to control the use of fire



Recent example showing a GIS that 
combines GoogleMaps and the INPE fires 
in the state of Mato Grosso, 
www.preservemt.com.br



Another recent example of application for the fire monitoring: Globo TV Network



46.7 million 
complaints filed at the 
Orkut site against 
fires and 
deforestation in the 
Brazilian Amazon.

Certainly, this is a 
beautiful and unique 
example of an 
application of real 
time satellite data.

What else can we 
wish in terms of 
satellite applications 
to monitor our planet, 
to promote space & 
environmental 
education, etc?

And without spending 
a single $ ?

Users know it best !



Example of the consequences of 
this application combining the 
INPE  satellite monitoring of fires 
with and TV Networks + NGOs + 
Google + Orkut:
Discussions and actions in the 
Brazilian Senate.



Even my personal (girl)friends are joining the battle against the illegal fires in Brazil



Can we reverse a fact of life?
“Fire is a fact of life in Brazil and will remain so”

U.S.D.A. Forest Service Report, November/02, 1990

Authors: Dick Cox, Bob Mutch, John Swanson & Paul Weeden



Conclusion (after 15 years of experience with thousands of users):

• Satellites are great tools to detect active fires!

• The Internet allows the effective use of data

• It’s the least expensive system available.

• Very effective to plan combat and management.

• Excellent for remote areas without local monitoring.

• Provides regular data and scientific material.

• Increases public and government environmental awarness.

• Excellent for environmental na technical education.

• Prevents a more intense use of fires in the vegetation.



Thanks for your interest  &  attention

http: // queimadas.cptec.inpe.br

http: // www.dpi.inpe.br/proarco


