
Proiect Sparkey:
A Strategic Wildfire Monitoring Package

Using AVHRR Satellites and GIS

Wildfire is the ultimate
agent of change. It is
natule's way of ensuring
diversity in the environ-
ment and has affected just
about every aspect of ter-
restrial ecosystems. His-
torically, fires commonly
occurred over much of the
Western United States.
Following settlement, we
began to suppress fires
and introduced factors
such as livestock grazing
which further reduced the
fuels to carry widespread
fires, or agriculture and
irrigation which blocked
such fires. After over 100
years of man's influence,
the effect has been to
increase the severity of
wildfires, particularly in
mountainous conifer for-
ests. This is because with
the absence of wildfire,
fire fuels have been al-
lowed to accumulate and
build while the health of
such forest ecosystems de-
clined into olcler aged
stands more susceptible to
forest pathogen such as
insects and disease. As a
resr.rlt. f ires within the last
decacle in the Intermoun-
tain West have tended to
become larger and more
difficult to suppress (Yel-
lowstone 1988. Central
Idaho 1989, 1992, aud
1994). Thus fire manage-
nreut ltas taken on the
difficult task of trying to
use fire as a tool lo main-
tain natural ecosystem
functions, while at the
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same time trying to protect
a more dense urban inter-
face within the folests
(human life and property)
and high resource values.
Management of wildfire in
the land managenrent
agencies such as the Folest
Service. Bureau of Land
Manageurent, state olga-
nizations, etc. is a support
activi ty which must lecog-
nize al l  these condit ions.
Fires can also be very
costly to suppress and/or
manaSe.

Wildfire managers
need information for file
behavior predict ion and
planning. Such inforrna-
t ion inclr-rdes weather,
fuels, nroistr.rre condit ions,
f ire act ivi ty, antl  act ions
underway. Enteling as
new tools to help us col-
Iect, manage, analyze, ancl
display this inforrnation
are Remote Sensing and
Geographic Information
Systems (GIS).

The 1994 f ire season
in the Intermouutain Re-
gion of the Forest Service
(Utah, Nevada, S. Idaho,
W. Wyorning) was the
largest since 1930 when
the Forest Service began
keeping accurate records.
Early in june we recog-
nized we were facing a
critical wildfire situation.
We earlier had used
AVHRR (Advanced Very
High Resolution Radiome-
ter) data from the U.S.
Tyros satel l i te series for '
post f i re histoly (1988-sg),
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and in  1992 we had u t i -
lized AVHRR to track the

lalge Foothi l ls f i le on the
Boise National Forest.
Accessibi l i ty to t irnely
data ou this f ire was de-
layed because we used
ovelnight mail  fol  cornPut-
e r  tapes  conta in ing  the
sate l l i te  da ta .  The g lo r rnd
leceivitrg stat ion i tr  these
early t l ials were throttglr
SEASPACE Corpolat ion of
San D iego,  Ca l i fo ln ia .

In August, we macle
the decision to procure
real t ime capabil i t ies to ac-
cess AVHRR data in sup-
po l t  o f  the  w i ld f i le  s i t t ra -
t i o n .  A s  a  r e s u l t ,  d u r i n g
the  las t  ha l f  o f  ALrgus t  anc l

urost of Septenrbel of
1994. we nronitot 'ecl wi l t [-
f i re status in the Western
Uni ted  Sta tes  fo r '45  cou-
secutive clays. The alea
nronitored includes the
states of Iclaho, Utah. Ne-
vada, Montana, Eastem

Oregon ancl Washington,
and Western Wyoming.
Downlinked frout a cour-
rurercial t 'eceivitrg stat ion
(SEASPACE Colp . ) ,  sa te l -
l i te  da ta  was lece ivec l  in
lea l  t in re  over  a  phone
nroclenr between San Die-
go, Cali lolnia and Ogclen,
Utah .  In  a l l .  over '  125
individual satel l i te passes
were letlieved fronr the
leceiving facilities to the

Ogden Utah site. The
digital data was processed,
enhanced, intelpleted, and
distr ibuted over the Fot 'est
Serv ice  X25 c la ta l ine

ancl/ol in halcl copy for'-
n ra t ,  t yp ica l l y  w i th in  one
ancl one-half hours of a

satel l i te pass. The X25
network connects ovel 800
Forest Service offices na'
t ion wide. Between tht 'ee
to four satel l i te passes
wele processed dail.y cle-
pend ing  upon c loud cover
and sa te l l i te  ang le  (nad i r ' )
to specif ic f i re locations.

The potential lol  r ,rs-
ing AVHRR satel l i tes tcr
nronitor wi ldf i les is tnetr-
t ioned in several l i terature
references. however, this

application is one of the

first quanti tat ive appl ica-
t ions of a dai ly, long-terur
series of AVHRR data to
monitol f i les in leal t iure.
The use o f  AVHRR sate l -
l i te data is a tool for a
bloacl area ovet 'view of
w i ld f i re  s ta tus .  I t s  p l iu ra -
ry use is strategic ancl trot
general ly tact ical fol indi-
vidual f i le management.

To undelstand the
diffelence between strate-
gic and tact ical,  one must
unclerstand the Mult i-
Agency Fi le Managentent
Olganization. The Forest



Geo-corrected image of Western United States.

Color Enhancement (Contrast Stretch).

Adding Maior Rivers and Lakes Overlay.
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Adding State Lines for Reference.

Zoom in to Area of  In terest  ( ldaho Complexesl .

Superimposing Lat-Long Grid for Final Display.
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Rapid River

Chicken Peak Complex

" Conal Complex

BlackweLl Complex

Thunderbolt

Pioneer

fdaho Ci ty Complex

Idaho Area 1

Aug 15 ,  1994 2130 MDT

View o f  ldaho w i th  Heat  In tens i t ies .  Whi te  Areas  Denote

{

Fi re ;  Dark  Areas  Are  C louds .

Service and othcr agencles
no longer nlanage wildf i les
as  s ing le  en t i t ies ,  In  th is
c ra  o f  gove ln r r rc r r t  e f f i c ien-
cies, federal ancl state
agencies havo nrerged
faci l i t ies, equiprncnt and
personnel into wildf ire
rnanaSement proSrams.
The National Interagency
Coorcl ination Center
(NICC)  is  loca tcd  in  Bo ise ,
I t l a l r o .  T h i s  r r n i t  h a s  j r r l i s -

d ic t ion  fo r  thc  cn t i re  Un i t -
ed  Sta tes .  Suppor t ing
NICC ale sovelal Coordina-
t ion  Cente ls .  A I I  the  cer r -
ters are considerocl the
"Strategic" lovcl and pro-
vicle support fol ini t ial
rcclt tests ancl orders for
personne l ,  resources ,  and
equ ipment  to  f ie ld  un i ts
(Tactical) uranaging
wildf ires. During cri t ical

PE&RS

wi l r l f i re  per io r ls  anc l  ihe
poten t ia l  sho l tage o f  f i l r ;
I tralrageutetrt  f  osoufces
s t t , : l t  a s  c x i s l , , , l  i r r  I a o 4 ,
N{u l t i -Agency  ( ioo ld  in  i i t io r r
( lvIAC) gloups tr le formetl
at t l re Center' .s to develop
managernent sl latcgies tcr
p lace  l in r i te r l  equ ipurent ,
l - i t ' a  c rews,  i r l r , l  , r l l rn l  l c -
S  O I I  I C C S .

The leal t inrc AVHRII

1- r locess ing  capa l r i l i  t ies
we le  a r :c lu i l c r l  in  Ogt le r r ,
I l tah  c lu l ing  1994 to  sup-
po l t  N IAC g lo r rps  a t  thc
Llastem Clcat I : iasin Coor'-
c l ina t ion  Cent r ; r '  in  Sa l t
l ,ake  C i ty ,  U t r rh  anc l  the
Missor . r la  Coo l r l  ina t ion
Center  in  Missor r la ,  N{on-
t trn a.

Other  c r rs to tncrs  wero
Agenc-v exer;ut ivcs, f i re
s r rppor t  s la f fs ,  i rn r  I  p t r [ ' l i c

Z o o m - i n  o f  C e n t r a l  l d a h o .

i n f o lma t i on  c t ; t t t c l s .  ] n

I h i s  c u l l e n t  i r l r p l i c a t i o n ,

o n l y  l i t l i t r : r l  u s o  w a s  r I I i l d { )

o f  t h e  p l a t l o l r r r  I ' o l  l v i l r l f  i l c

r l r : t c c t i o r t  r i r r r l  t a c t i r ; a l

( ; r e t t t a l  I i r ' , '  s i l , '  i ) t , , ) t l l -

p l e x )  a p p l i r : r r t i r ; r t s ,  e v e t t

t l r ough  l ' i l c s  ; r . s  . s r r a l l  r r s  10

to  15  ac r cs  i r r  s i z . e  we le

t ; o r n m o r t l y  o l r s t ; t ' r , c c l . ' l ' h r ;

p l i r na t ' - t ,  r n j s s i o t t  v l ' u s  l o

ru ron i t o r  on -g r r i ng  ac t i v i t v

i r r r , l  f t o v i , l , '  i r  t i t r t e l v  " l , i r : -

t t u ' c "  t r . r  n r t r i l i l r l c  agen ( i t os

r ; o l , eL i r t g  so r r t : r ' r r l  s l a t es .
' l ' h e  

s v s t c r r r  r l i r l  l r l r x , i r l e
s o r n e  v i r l r r i r l , l r :  t t i r ; t i r : i t l

i r t t e r l l i g c t t r : , :  t o  t h t :  N I i s -

soL r l a  l r lA ( l  g l oL t l r  r l u t ' i r t g

i n i t i a l  1 9 ! ) 4  l r l o r v - t r p  s i t r r t r -

t i o t r s  r v l t c t t  s t t t ok r :  o t r -

scu re r l  a f c r r s  : r r r r l  ove r -

heac l - suppo l t  o l gan i ze r t i ons

r ve le  no t  yc t  r r r  l r l a ce .
Tac t i c i r l  opc l a t i ons  a rL t :

c o t t d t t c l r r r l  t t t t , l , ' t  r t t t  l t t c i -

r l c r r l  (  l , r r r n n ; r r r r l  S r  > l " l r

( lCS) ,  ag i r i r r  r : o t t t l r ose r r l  o l '

r n r r I t i - a61cn r ; v  l ) { ) l  son  r ) { l l

a r r r l  f e s o r t t t ; c s ,  i t t  r r s s i g r r -

t r t e t i t s  o l  r ; o l t t t t l i r n r i .

o l r e t  i r t i r . r ns .  l . r l i r r u r  r r t g .  l og r s

t  i c s ,  a r t r l  l i t t i r n t : c 7

i r r l t r t i r t i s t l a l  i o t t .  J r : t  t l

1 ; ; 6 t : 1  r i i r l ; r  g r ' , , , 1  i ' , 1 ,  r , l '

c xp l a i r t  i ng  l t o , , v  t t t t t t o t o

. se r r s i t t g ,  a r r r i  ( - l l S  ( j i r )  suJ ) -

po l t  t a r : t i r ; i r l  r v i l r l l t t  e  o l r c t  -

a t i ons  i n  t l r c  S r : p t t - . t nbc r '

1! l !1,1 j .ssrrr l  o l  l ' l ' i&RS. p lg-

c s  1 0 5 9 - 1 O t t 4 .

T a c t i r : i r l  l c s J r o n s i l r i l  i -

t i r r s  i t t r ; l t t r l r r  I t t r r  r l i r t c t ; t t o r r -

r n i t i a l  i i t t r r ; k  l r l  l o c a l

r r n i t s ,  r : s c r r J r r ; r . l  l t l c  s t t t r t r -

t i o t t  a r t r l v s i s ,  l r t t r l  s o l c t : l , r r l

s u p p l r : s s i o t t  i r r ; t i o t t .  
' l  

l t , r

i C S  o r g a r r i z i r t i o n  i s  e x [ ) i u ) -

, l ' , , 1  i r s  r v i l , l t ' n , '  I n ; r l r , r B " -

n r c n t  r ; o n r l i t i o n s  r v a r L i u r t  :

_)
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III organization) of
short duration, low
resource value, l i t t le
socio-pol itical impact,
no serious safety haz-
ards.
Type II organization
for high resource
value, rapid growth,
urult i-agency jurisdic-

t ion,
safety/hazards/urban
interface.
Type I team - for rnost
complex incidents.
Area conrmand - used
when thele is compe-
tition for scarce re-
sources, mult iple
incident teams.

Strategically, the Coor-
dination Centers and NICC
supply the Type II and
Type I teams respectively.
But regardless whether
strategic or tactical, appli-
cation of federal wildfire
pol icy needs t imely wild-
f ire intel l igence and moni-
toring capabil i t ies of
which AVHRR type data
can be of value. Decisions
need to be based on good
information. Broadly,
federal wildfire policy
defines the type of deci-
sions to be rnade and the
followup monitoring re-
quired:

t Fire Policy Outside of
Wilderness
Suppression - irnmedi
ate attack and sup-
pression in areas of
high risk, hazards,
values. or other condi-
t ions:
Prescribe Fire - (a)
ignited by managers to
burn a specif ied piece
of land to achieve
identified treatments
that render desi led
changes on the site, or
(b) ignited by natural
uleans, (usually
l igntning) and permit-
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tecl to burn uncler
specified conditions
and t imes. The over-
all objective being to
maintain natural ly
functioning ecosys-
tems in places where
fires have bulned
natural ly beyond hrs-
to l i c  t imes.

t Wildenrcss Fr'ne
Managenrcntr

Permit l ightning-
caused fires to play as
nearly as possible,
their natural ecologi-
cal role within wilder-
ness ;
Recltrce, to an accept-
able level,  the r isks
and consequences of
wildf ire within wilder-
ness or escaping wil-
derness ;
Two types of pre-
scribed fires may be
approved for use with-
in wilderness: those
ignited by lightning
and al lowed to burn
under prescribed con-
dit ions and those
ignited by quali f ied
Forest Seruice officels;
No fire may be ignited

or allowed to br.rrn
wi thout  documented,
ple-pl anned, specif iecl
condit ions.

Equipment and
0perations
The AVHRR (Tyros) sys-
tem, operated by NOAA, is
a five frequency sensor
system with one f i 'equency
in the visible spectt 'unr
(band r),  one in the near
IR spectrum (band ZJ, a
midlR frequency (band 3),
and two fi'equencies in the
thernral spectlum (bands 4
and s). Generally, for fir.e
nronitol ing, bancl 3 was
used exc lus ive ly .  Data
resolut iotr of individr.ral
p ixe ls  o l  g l id  ce l l s  i s  1 .1
ki lometel by 1.1 ki lornetel
(or apploxirnately 200
acres). However, due to
high fire temperatures
inf luencing an overal l
pixel,  f i res of 10 to 15
acres in size could be
detected, as wel 'e contnrel '-
c ia l  heat  p lumes f rom
poiut sor.r lces such as
srnelters ancl srnoke stacks.
Tyros  11  and 12  we le  the
satel l i te platfblnrs used
cluring the 1994 f ire sea-
son. In raw 10 bit  fomrat,
Band 3 data for each pixel
is recordecl in degrees
Celsius (0 to 100 degrees).

Processing was accorn-
pl ishecl through a thlee
staged progranr involving
(1)  a  conr rne lc ia l  lace iv i t rg
s ta t ion  (Seaspace o f  San
Diego,  Ca. )  to  captu le
sa te l l i te  r la ta  (ana log  to
digital):  (2) r 'et l ieval,  anal-
ysis, and enhancement of
digital data with Sea-
space's Terra Scan image
analysis softwale, and (s)
vectorization, mapping,
and dist l ibution on arr
ARC/INFO GIS. ' Ihis 

latter
systenr has been bunrl led
i t t to  an  ar r lo lna le t l  pack-
age, using a graphic r.rsel

interface (GUI), fol trans-
polt and miglat ion to other
computer systems operat-
ing on RISC technology.

The Seaspace Terra-
Scan HRPT Autenna Serv-
el at San Diego, Cali folnia
acquiles, alchives, process-
es, and displays HRPT
teleuretly data frorn the
' lyros-N 

polar orbit ing
weather satel l  i te sensors
inc lud ing :

A H V R R -  l k n r r e s o l u -
t ion nrult i-
spectral l
imagery

TOVS - vert ical
sounc l ing  o f
a tn rosphor ic
tenrpelatule
ancl moistule

ARGOS - Earth location
and data
relay flonr
small  t lans-
mitters
mounted on
buoys, l-ral-
loons ,  w i ld -
l i l 'e, etc.

A l l  da ta  f lo rn  a l l  in -
struurents ale acclui led
and s to red  a t  the i r  fu l les t
lesolut ion, however. lor '
the purpose of f i re moni-
toring, only AVHRR data
was dowuloaded. The
Antenna Server operates
in a stand-alorre fashion,
or l inkecl via Local Alea
Network  (LAN)  to  o ther
c o r n p u t e r  s y s t e n r s . ' f h e
antenna has  a  ' l  .2  n re te r
t lack ing  c l i sh  coup lec l  w i th
a wolkstat ion conrprrter ' .
The system software in-
cludes processing of
AVHRR data fol plecision
navigation, radiometric
cal ibrat ion, etc.,  and also
includes algori thms for
cloucl-screen ecl surface
albeclo. temperatul 'e. at l tro-
spheric aerosol optical
clepth over water strrfaces,
and vegetation index.
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The part of the system
in Sgn Diego (1) provided

maps of satellite passes,
predicted the satellite
overflight time, angle, and
height; (2) al lowed cl ip-
ping out of an area of
interest from a global
scene (a 1500x15oo ki lo'
rneter area with the center

near the northwest corner
of Utah); (3) al lowed the
retrieval of all s bands of
data or individual bands;
(4) allowed the retrieval of
either 1o bit  or B bit  data
(B bit data was u-sed to

keep compatibility with
our exist ing GIS systems).
Data was then retrieved to
Ogden Utah via telephone
modem,

SeaSpace Corporation
provided a "turnkey" appli-
cation to the Ogden Utah
site on a Sun Sparc work-

station with their Terra-
Scan software package.
This appl icat ion included
the softwale to preview
satel l i te schedule data at
San Diego and to process
raster data retrieved at
Ogclen Utah. Part of the
product included a 9600
BAUD rnodern using data
compression between San
Diego and Ogden. Stan-
dard TCP/P and TH,NET
protocol was used for all
data migration between
platforms. At the Ogden

site. the Sun workstat ion
was connected to the
ethernet local area net-
wolk.

The Terrascan soft-
ware included a suite of
general irnage processing

and display functions
including: (1) image dis-
play overlain with lakes,
states boundaries, lat i tude-
Iongitude grid, and con-
tours (federal land owner-

sh ip  was added as  an
ovellay during this fire
monitoring process); (2)

image color enhancement

PE&RS

(contrast stretch), pan &
zoom, animation, ancl
annotation; (3) interpola-
tion to standard map pl'o-

iec t ions ,  math ,  s ta t i s t i cs ,
f i l ter ing, and sampling.

Once data was
received, initial geo-
registration was dotte to an

Albers Equal Area projec'

t ion, using automated
routines in the software.
This included (r) a general

registrat ion prograrn trsing

the center point and cor-
ners of the Area of Interest
and (z )  a  v is r ra l  nav iga t ion

routine for f inal correla-
tion of the lastel image
with cartographic feature
data. Using these
routines, the fires could be
geo-referenced to approxi-

mately two to three pixels
of actual ground location.

Then. f i re complex

winclows were cut out of

the westet 'n US covelage:
the image was enhanced
in color to contrast fit'e
areas; and ovel lays i l lus-
t lat ing maior r ivers, laud
ownership, and longitude-
latitude grids with annota-
t ions were added. The
unenhanced raster ful l
image, together with all
raster enhanced and anno-
tated window itnages were
then rnoved by Local Area
Netwolk (LAN) to an
ARC/INFO GIS wolksta-

t ion. Fol lowing fornratt ing
in GIS, al l  these sarne
raster windows were also
moved via LAN to the

In te rmor r  n la in  Reg ion 's
Data General computer
system which allowed Fire
Coordination Centers,
National Forests, etc.) to
retr ieve immecliate f ire
intel l igence data.

GIS processiug at
Ogclen, Utah involved

moving the raster clata via
Iocal area network to a
ARC/INFO GIS environ'
ment. Applications were

written in ARC/INFO nrac-
ro language (AML) for

vectorizatiou, cataloging,
and d isp lay ing  in  the  GIS.

The GIS envirolrtr tett t
operated from a Graphic
User Interface (GUI) devel '

oped local ly in AML lan-

guage, to automate GIS
processes and faci l i tate i ts

operation. Once uroved

and the narning convell-

t ions establ ished,
pre-processed aucl raw
rastel' inrages followec{ two

separa te  pa thways :  (a )  t l te

pre-processed images re-
ceived image heaclels and
tben were stored in both
the  execut ive  browse l i -
brary (autourated viewing

for managers) and the

Regional Four Data Gener-

al systern for extet ' tral uuit

retr ieval of the clata. Hald
copy colol pl ints wele

cl ist l ibtrtecl.  Antl  (b) r 'aw

l 'astel '  inrages leceivecl i l l

the  GIS f lo r r r  t l re  Te t ' t ' a -
Scan processing were
plocessed to vectolize high

tempera tu le  p ixe ls .  Th is

involved several steps:
Step 1 - Re-registra-

tion of the irnage to an
Albers Equal Area Projec-

t ion. Unfortunately, the
irnage folmats betweetr

TellaScau and AItC/lNI"O

tlo not suppolt the tt 'atrsfer '

of geo-r 'efet 'ence clata.
Therefole. a progl'ant was

developed in TelraScan to

read the X-Y coorcl inates

of the upper left  contet '  of

the image. These coordi-
nates wete then usetl  iu

ARC/INFO to "ploiect" the

irnage back lo a
geo-referenced status (the

pixel dirnensious atrcl
number of rows and col-
umns of data in the intage
renrained constaut in both

formats).
Step 2 - A visual

navigation routine was

used for f iual colrelat ion

of the raster irnage with
cat ' tographic featule data.
Like the routines in Ten'a-

S c a n ,  w i t h  t h e  C I S  l o t r -
t ines, the f ires could be
geo-t 'el 'erettced to ap1-rt oxi-

mately two to three pixels'
Step 3 - Display of

irnage ancl select ion ol '

pixel numeric range to
represent fire tenrpela-
tr.r les. This isolated the

incl iviclual high thelmal

leading al'eas ol fit'es otr
the inrage.

S t e p 4 - S e l e c t i t t n o f
f ire aleas to be ver:tol ized
by  se lec t ion  o f  inc l i v idua l
pixel or groups of pixels,
entering the f ire name to

be stored in the data base,

and then executing the
vectorization process.

Step 5 - Once tl're
individual f i res were vec-

tol izerl .  clai ly ancl/ol cu-
rnulat ive plot rnaps were

p locessed fo l  the  en t i le

a lea  o f  in te t 'es t .  Becat tse
of nrap acctlr i lc.y r:ottsicler-
a t ions ,  ou tpu t  p lo ts  and

s upporting cartoglaplr ic

feature data scale was

1/2 ,50o,ooo.  The p lo ts
were then stored in the

Data General systetn.
Harcl copy plots wele also

generated tbr cl ist l ibution.
Halclcc.rpy size was 33" x
J I

Processing and
Staffing
At the Ogden Utalt  si te.



processing and workloads
were organized into two
primary objective areas
once data was received.
The goal was to (1) pro-
vide timely fire intelli-
gence data, and (z) provide
a cumulative fire history.
In addition to attempting
to get satellite views and
enhancem€nts on the
Folest Service X25 net-
work within one hour of a
satell i te pass, major daily
products and enhance-
ments were targeted to
7100 am briefings at the
Coordination Centers.

Before inrages were
retrieved, they were prese-
lected for Nadir angle.
Images with angles to
target fire complex area
generally greater than 3O
degrees were omitted.
Once retrieved, they were
geocorrected and enhanced
by various techniques
including histogram
stretches and color. Over-
lays for geographical refer-
ence were also added.
Specific windows or fire
complexes by state were
cut out. Fire names and
other annotations were
coordinated with National
Inter-agency Center (NIC)
reports every morning.
The best views in refer-
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ence to time of day, cloud LeSSOnS Leafned pm) are also the tirnes of
cover, or other interference Some sanitization of raw greatest solar heating o[
were then processed to u. interp'eted satel l i te clata the Earth surface. This
hard copy. Images i l lus- rnav be 'eedecl before i t  is high solar heating tends to
trat ing peak burn periods maie avai lable for se'eral ulake bare areas, rocks,
(between Spm and 10prn use a1d display. FX. 

"x_ 
lakes, etc.,  wanneL than

daily) were used for vec- ample, ,o*u ,""n", nruu surlounding areas and
torized f ire mapping. Vec- be unacceptable fol eep'er- thus rnore visible ou ther-
torized data was processed al distr. ibui io,,  b""o,,"r" of mal sensors. Based on
into maps showing daily noise, interference, poor general experience it is
and cumulative fire pro- quality, clouds, etc.' preferable to analyze imag-
8r€ss. Therefore a screeni'c es collected in the 9-10 pm

For the most part, NO- process should be iuitiated timeframe (daytight saving
AA-11 and NOAA-r2 were wherein aualvsts receive time) of the fire area be-
used in the study. On Day and process the data, but fore nightt ime humidity
43. NOAA-11 ceased oper- ge,rerul distributio' to recovery suppress fire
ating, and NOAA-9 was i thers is l imited, act ivi ty and after areas
used to f inish the f inal two consiclerat ions of |eceiving direct solal heat-
days of data col lect ion.- Nadir are also i ' rportant, ing have cooled down.
NOAA-I3 was not used Nadir refers to pernencl icu_ Clouds, part icularly
because i ts orbit  placed i t  lar posit ion 

"t 
*" ,ut" l i i i "  those containiug moisture

almost direct ly behind to cround points of inter- and ice, restr ict the moni-
NOAA-l2 during the study estl The AVHRR system toring of firos. Smoke is
period. Each platform, has a 55 dec,ree ansle of not a rnajor factol in f i re
based on polar orbits of view frorn tte sat" i i i te to monitoring and appears
the Earth, made two pass- the Earth horizons. How_ transparent when using
es each day of the Western ever, an area of interest in Band 3 of the AVHRR
US; however "true" nadir the obl ique view between series, Many of the imag-
over exactly the same 30 and 55 .1"g."",  woulcl es included in this art icle
ground location was every be highly dist lr ted in the contain clouds which
five days. Each platfolur geo-cirlectio' process. appear as the darker areas
was at an alt i tude of ap- i l r i ,  i ,  b""u,,r" the i ' ter._ (cooler) whereas hot ther-
proxi lnately 430 miles. pret inc software must mal areas, such as f ires
The passes between NOA- intu.rJo"u pixels into the appear bright.
A-11 and 12 were spaced u."u oi inter.est imaee to Two principle types of
approximately as fol lows: meet Earth coor.dinl ' te interference or data confu-

NOAA-.2 6:30 am MDr Fl'J["i',"":*:ilffil':?;" 
"';','1"1il'fi."?T:,:"'-

NOAA-11 9:00 am MDT fullv interpretecl from s'ch were l ightning and sun
NOAA-I2 5:30 pm MDT ,""n"r, however clistribu_ r'eflectinn.
NOAA-11 B:00 pm MDT tion of the r.aw image ruay Lightning was noted

workforce ma'a'e. ::n-:::T'J:1:::i:1 
' 

il:fl,:ff":,:,1,,'ffll?,.,.
ment was divided among rule. selected i., iug* forrns on several occa-
several primary tasks: (a) shoulcl be under 30 de_ srons. Because it was
archive the data propelly; erees satell i te view ansle rrnpossible to separ.ate or
(b) make the data availalrle io the Earrh location. " distinguish l ightning
to other analysis sites and The time of dav of strikes fi'onr new fire starts
process; and (c) process satell i te overpass is' inrpor- of a pixel or less in size,
the data for electronic and tant for r"u".ul factors: 1a; prediction of new fire
hardcopy distribution. In fire detection and moni- occurreDces requirecl con-

ffsfffil,Hl1','l,ll-i,"". ff:?Jiliililj'',,:1iii i*lli:i::,",:,:ii$:::::
cy Coordination Center) influenced bv'duvti,"ne' Sun leflection that
morning reports was im- heating u.r,l nighiti-" highly confused image
perative in proper fire 

, coolini with hinridity gain iutelpr.etations was noted
identif ication, naming, ancl and lois, and (b) peak as occurring about once a
tracking. bum periods l lround s-s week on single inrages.

This reflection appeared
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much the same as solar
warming of specific
ground features such as
rock, bare soil, etc. except
that water bodies. includ-
ing small lakes and ponds,
were most dramatically
effected. Because the
reflection was confused
with high thermal read-
ings, some images were
difficult to use. Reflection
problems occurred with
both late in the afternoon
and early morning satellite
passes when for instance;
(a) the satellite nadir was
west of the target area and
the sun was coming up in
the East, or (b) the satel-
lite nadir was east of the
targot area and the sun
was setting in the West.

Future Developments
and Applications
Future development would
logically include expan-
sion of the technology
toward fire detection
through the development
of algorithms to separate
background reflections
from fire heat sources.
Some preliminary work
has been accomplished on
this subiect. The addition
of Z+-bit monitors versus
B-bit monitors also would
significantly enhance spot
fire visualization.

Major contributions to
fire management can be
made with the AVHRR
tool in smoke manage-
ment. Prescribed fire
managers must exercise
their responsibilities in a
way that meets Clean Air
Act standards (Public Law
95-95) and best serves the
public interest. Prescribed
fire stewardship emphasiz-
es the immediate safety
aspects of personnel con-
ducting the burn; the
health, safety, and proper-
ty of others that may be
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directly affected by the
fire, and the potential for
off-site effects of smoke on
public health and visibil i-
ty. Prescribed fires pro-
duce varying quantities of
smoke, an elusive
by-product which can be a

major concorn. Land man-
agers have been held l iable
aucl paid for damages
caused by srnoke frorn
planned ignitions that
impaired visibil i ty causitrg
tlaffic accidents, property
damage, inirrries, and

fatal i t ies.
AVHRR data. because

of i ts wide view of several
hundled miles and mult i-
ple platforms over target
areas a few hours apart,
can contr ibute to motri tot '-
ing smoke impact, and
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over-s6e favorable meteo-
rological conditons to keep
smoke emissions to a min-
imum. The visible. near
IR. and thennal bands
from AVHRR would be
used to monitor snroke.

AVHRR data has great
potential as a public infor-
mation tool. Public Affairs
offices of the federal agen-
cies, news agencies, and
other media have much to
gain frorn this broad strate-
gic overview.

Additional f ire appli-
cations could include
expansion of wildenress
prescribed fire monitoring
to exclude rnanning some
fires, mapping broad fire
fuels or fuel loading ahead
of fires, fuel moisture

readings (greenness), and
terrain analysis incorporat-
ed with fire bohavior anal-
ysis. Vector files could
easily be superimposed
over shaded-rel ief topogra-
phy maps, display in 3-D,
and rotated in animation.

Other applications
include vegetation rnoni-
toling, snow cover moni-
toring, hydrology, day/
night temperature differen-
tiation, and ARGOS ani-
mal tracking. Use could
also be made of the
AVHRR platforms for
national emergency moni-
toring including floods,
hurricanes, weather. ancl
volcanic activity.

New satell i te plat-
fonns to be launched in
the immecliate future
would include the abil ity
to map ambiant hurnidity,
and not to be overlooked
is the acquisit ion of clata
from military satell i te
platforms.

Products Displayed
Raster products wer,e plo-
duced with the TerraScan
systenr. Only band 3 was
used for display with a
contrast stretch to enhance
the visibil i ty of heat sourc-
es ol fires. For ease of
viewing in the concept of
time, examples concen-
trate on the Idaho Fire
Cornplexes for the dura-
tion of the monitoring
program with scenes dis-

played progressively every
four to five days.

Fires or high ternpera-
ture pixels can be seen in
wh i te .  wh i le  c louds  a le
the dalk reds and blacks.
Note that snroke is basical-
l y  t ranspa len t  w i th  t l r i s
bancl frequency. Land-
forms can be dist inguished
in the orange colors.
These raster images were
processed with the
SEASPACE TerraScan
system.

Vector products were
produced on the
ARC/INFO GIS systern
trsing the GRID ancl ARC
PLOT rnodu les .  Fo l low ing
vec to l i za t ion  o f  inc l i v idua l
f ires, cunrulat ive f ire pro-
gression maps were pl 'o-
cluced by state or region,
Map scale is 1/2,500,000.

Map proclucts pro-
duced at this scale cover'-
ing several states were
printed at 33 inches x 51
inches size fol hard copy
cl ist l ibution.
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