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ABSTRACT 

This note e x tends a predicti ve model tor estimating 
spot fire distance from burning t rees (Albini I Frank A . 
1979. Spot fi r e dist ance from b urning t rees -- a predicti ve 
mode l_ USDA For . Servo Gen. Tech . Rep. INT- 56, 73 p. 
Intermt. For . and Range Exp. Stn ., Ogden, Utah) . A for­
mula is gi ven for the maximum firebrand lotting height by 
continuous flames, such as from burning piles, jackpots 
of woody fuel, and so forth. This height may be used 
directly in the algorithm de tailed in the earli e r work . 
Al s o, formulas and graphs are gi ven for estimating maxi ­
mum spot f i re di s tance when the t e rrai n downwind of t he 
source of firebrands i s covered by vegetation of low 
hei ght I bare gro illJd I or wa t er I ra ther than forest . This 
e xtension is implemented by establishi ng an "effecti ve ri 
or minimum vegetation height to be used in the formulas 
given in t he earl i er work. The effective ve getation 
cover h eight so deri ved depends on the firebrand ini tial 
height. 

KEYWORDS : spot fire, spotting, firebrands 

IThe author i s a mechanica l engineer stationed a t Inter­
moun tain Stat"ion' 5 Northern Fores t Fi re Laboratory , ~1i ssoul a, ~ont. 

1 



A pred ict ive Inodel for the max imum di stsilce between a source o f fir eb rands-- a 
burn i ng tree or gro up of trees -- a nd a po te llt ia l s pot fire has bee n pub li slled (Albin i 
19 79) and used a s the bas is for a fi e ld appl i cati on proced ure . 2 The mod el is an as ­
semblage of si x separate s ubmode ls, each for a d ist i ll e t aspec t of t he overall proc ess 
i nv olved . The six s lJ hmod eis describe th e follo~ i n g proce sses or phe nOrneJla: 

I . TI,e struc ture of a s t eady (t ime -i nvar iant) flame t lla t consumes t il e cOlnbu5-
t ible pyrolyz a t e fr om th e fo ll age of a tree or from a g ra u]) of id ent i ca l t r ees ]) urn ­
ing simultaneously that provi de s t he aerodynamic environment f or t he injtial l oft i ng 
of a firebrand partic le in t o a quiescent atmospilere. 

2 . The s t ructure of the s teady buoyan t plume es tab l ished by t he flame in a 
quiesc ent atmosphere that prov id es the a e rodynami c environ me nt t hat l oft s the pa r ­
ticle to i t s u ltilnate Ileight . 

3 . The rate a t whicll a \~ood y par ticle bur ns a s it moves r e lative t o the 
at mosphere . 

4. Th e tra jectory of an inert cy linder (3 surrogate for f i r e brand parti c l es 
of cyl indri ca l or p l atelike st ructure) in the s t eady, but nonuniform, flow field 
of th e flame and t he buoyant p l ume ab ove it. The predic ted height as a funct ion 
o f tim e is the key re sul t of t hi s mod e l . 

5. Th e s truct ure of the s urfac e \\'ind f ie ld over rou gh terrGlin - - iue al i zed as 
a s in uso i da l e le vation - versus-d i s t a nce contour--th at transpo rt s t he firebrand fre m 
it s max imum heigh t above its bllr ning t ree or i gi n to i ts dow nwind destination. 

6. Th e t rajec tory of a burn in g ~ood y cy linde r i n a s teady, but nonuniform. 
wind fie ld. 

A host of assumptions i s ne eded t o comp l e te e ach of t he separat e su bmode l s an d 
a n additi ona l s et i s ne eded t o li nk them in a proced ure for predicting the llla ximum 
spot f i re di s tance. These as s umpti ons are s pell ed out complete l y in the cited wo r k 
an d wi ll not be repea t ed he re, except for those germane to th e ex tensi ons pres ented . 

1\;10 ex t e nsio ns of the pr ocedure are offered here. The fir st removes the re­
s triction t ha t t he entire fireb rand loft i ng process i s drive n by the tran s ient 
fla me from "torchin g" trees . In s tea d . th e continuous steady fla me from an y iso­
l ated source, s uch as burning pi l es of harvest d ebri s , " jac kpo t s " of heavy fu el , 
a nd so forth , may be ass umed t o be a pot ent ia l fir ebralld source , described only by 
tile Ileig llt of t he continuous fl ame . l']le second ext ension relaxes t he imp lic it as­
s umption t hat t i,e terrai n ove r Wll ich the firebr and part icl e fli es is f orest ­
covered l and. Thu s spot ti ng over.' water, meadoldand, or ba re g r ound can h e es t i­
mated, extending til e scope and utilit y of the original procedure. 

FI REB RA.~ D LOFTI NG BY CONTI~IJDUS FLA.'1ES 

If a fi reb rand is lo fted by the flame/p lume s truc ture fr om a torc hi ng tree, t he 
partic le is ass um ed to be l ifted from the treet op at t he start of the s teady burn ing 

2Nationa l Wildfire Coo rd in atin g Group, 1979 : Fjre behav ior offi cers ' fiel d 
reference . US DA For. Servo Na tl. Adv. Reso ur. Tec hnol. Cent., ~1a raJla 1\ir Park, 
Ar iz., l oosel eaf. 
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period. The part ic le ~ou ld conti J1 Ue to ri se un t il it s wei gllt was j·ust ba l anced by 
th e ae rodynam i c d r~ g exert ed 0 11 i t by ttl e buoyan t plume f l ow 7 were jt no t fOT t ile 
fac t t ha t t he fire goes out h·he n the f ue l is con swned. When t he f i r e goe s ou t) t he 
plume f l ow st r uc ture coll ap s es and t ile demi s e o f t i, e vert ic al ai rflow patte r l) l i mi t s 
the heig ht ach i eved by the potent i a 1 fir e brand . So fo r each pa r ti cle s i ze , there 
1 S a ma xi mum he i ght that can be ac hi eved fo r a gi ven " s t eady" flame durat ion . 

Sj ncc la r ger (heavi e r) pa r t i c les rise mor e s l Oldy th all do s mal l er ones, another 
compe t it ion comes i nto p lay. Small par t i c l es do no t co nti nu e t o burn fo r a s l ong a 
t ime as l arge on es an d so CaJlnot fa ll from as grea t a he igh t and st il l start f ire s . 
By t ll i s rea~on ing. tl,er e is a part i cle si ze t ha t can be l o f ted to such a heigllt t l, at 
it \~'i ll j ust be consumed upon r e tu r nin g t o t he grou nd. A l arge r partic l e coul d no t 
be lo ft ed t ha t hi gh and so h: oul d fal I bac k soo ner (hence a t not so grea t a di st ance 
downwI nd ) } whil e a sm al le r one cou l d be lo f t ed hi gher , but wou l d be burned up be for e 
i t fe ll back . The partic l e t lla t is j ust ConsuDled as it r et urns to t he g round tl,U S · 
re present s t he f irehra lld t hat can s ta rt a s po t f ire a t the grea t es t possib l e di s t ance 
f ro!n j t s orig in . 

The equati on s that expres s quantitativ e l y a ll of t he re l ationship s outl i ned 
a bove are to be foulld in the appendi ces , e speciall y B a nd 0 , o f Al b ini (1 979). 

I f t he st eady hu rll in g per iod f or a t orchin g t r ee were to be ex t end ed i ndefi n i t e ly, 
t he fl ame/p l um e flow s tructure wou l d be per mane nt and one of t he st eps in t ile pro cess 
described allove would IJe eliminated. For sllch a con tinuous f lame , the he i gJlt that a 
part i. c l e ca n achieve in t he buoyant p lwne i s no t l imi t ed by the f l ame' s dura tion; so 
i t CaJl be ass umed to r eae ll the u l timate he igllt whe r e i t s we i gllt and drag fo rce a r e 
in balan ce . C:xpr es sed ,:mot he r ,,'ay J th e pa r ti c le w'i 11 ri se until t he ve r ti ca l gas 
veloc it y in th e pl ume is equa l to the t erminal velocity of t he par ti cle fal ling 
f r ee l y i n t he reduced- den s ity envi ronment of the ho t pJume . 

wh e re 

The dYllam ic press ure di s tri bu tion i n the pl wne i s gi ve n by 3 

q is t he dynalnic pressure 
z is height 

(B l 0) 

and subscrip t F imp li es th e va lue at t he tip of the flame . From th e st eady f l ame 
st ru c ture mode l , we hav e 

(A60) 

when zr i s mea su re d 1 n feet. 

Equ at ing t he we i ght of tIle partic le to t he drag i t ex per ie nce s , we fi nd t he 
dyna mi c pressu r e , q, needed t o s usp end a cy l i ndr i ca l part ic l e of di ame t er 0: 

or 

... ·he r e 

2 
qC~·£ D = p gn D t/ 4 

u s 

3~umbered eq ua t i ons correspond t o the equa tions in Al bini (1979) . Le t t ers p r e ­
ceding t he numbers id enti fy the ap pendices i n whi ch t he equations appear. 
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Co i s the drag coeff icien t = 1. 2 

p g is the weig ht de nsity of the parti c l e 
s 

~ i s th e par t i c l e l ength (irre l evan t ) 

o is t he part i c l e diame ter , f eet . 

(02 0) 

19 lb f/ft
3 

(02 1 ) 

Th e maximum height fr om whi ch a pa r tic l e ca n f a ll and s t i l l be burnin g when it 
hi ts t he surface is given by 

5 
max(z) = 0 . 39 . 10 D ft . (D44 ) 

Us ing (044) t o re pl ac e 0 i n the l as t e quation for q an d us i ng t he re su l t , a l ong .with 
(A60) , i n (B I D) , we can so l ve for t he heig ht z from wh ich wo uld come t he fire brand 
parti c l e wi t h t he gr eates t po tenti a l spo tt ing di st ance. Fr om (B I D) a nd (A6 0) we 
have 

which mu s t equal th e neede o d yna mic pressure. Usi ng the equa t ion f or q and (04 4), 
the n 

Eq uati ng t hese t\\'O e xpressions f or q a nd d i v iding the re s ult ing expression by z 
give s an eq uat ion quadr atic i n t he r ati o x ~ (zF/z) 5/ 3, witll dinle ns i on l es s nume ri ca l 
coeff i ci ent s; 

x( l - 5x(8) = (3( 8) (1 9')( ( 4) (1 .2)(0.3 9' 10
5
)(0.0078) = 0.0153 

or 

2 x - 1 .6x + 0.0245 = O. 

From this equat ion we obta i n one phys i ca l ly mean i ngful roo t which give s 

z(zF = x- 3(S = (0.0155) - 3(5 = 12 . 2 . 

Thi s ge ne ra l res ul t s tat e s t hat the he ig ht of a cont inuous f l ame mu l tiplied by 
12 . 2 gives the ma ximum v iab l e firebrand l ofting height . Thi s he i ght lIIa y be us ed 
d irect l y in th e nomog raph (fi g . 8 i n Albi ni, 19 79) to so l ve for max imum spo t fir e 
di s ta nce. It i s denoted by z(O) in appendix F o f th e ci t ed wo rk , where t he spot ting 
dis t ance formu la i s de rive d. 

SPl)lTl NG OVE R TERRAIN NOT FOREST- COVER ED 

In th e developme nt of t he spott in g di st ance mode l , :it was necess ary t o in tegrat e 
th e equat i o ns of mo t ion of t he firebrand par ti cl e as :it was bor ne a l ong by th e I<.'i nd 
f ie l d. Th e approximati on s justifi ed i n th a t dev e lopme nt are t hat t h e part icle f al l s 
with a re l ative vert i cal ve loc ity t hat decrea ses l il1 ea r ly i n time, while it i s 
carried horizon t a l l y at t he loca l hori zonta l windspe ed . The resu l ting equation f or 
th e traj ec t ory over f lat t e r rai n can be wr i tten as 
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dx 
;rz 

_ (Z(O) )1 /2~ 
z vo(O) 

(F 1 8) 

x is the )l orizonta l (m ap) di s tance from the spo t source in th e di re ction 
o f t!le prevailill g win d 

z i s the Il ei g),t of tIle partic l e at di s tance x 
z eO) is th e initi a l fir eb rand hei ght 
u( z ) i s tl,. x-direction (hor izon ta l ) wi nds peed at t il . I,e i ght of the 

par ticle J Z 

v (0 ) i s the terminal fa ll i ng ve l ocity of the particle \\fhen i t first 
o begin s t o desce lld. 

Since the term In a l fa ll ing vel oci ty at th e time tile part i c l e f irst s t arts to fa ll 
is related t o it s s i ze by the re s tr i ction tha t i t s t j 11 b e bu rn i ng at impact, I t 
can be shown tha t 

2 2 
z(O) = G vo(O)/g (F9) 

\<,·here 13 is a dimen sionl ess con s tan t and g i s the acce l eration of gravity. Us ing 
t his form in the equati on for the trajectory gives : 

From this equat .lon, Io.'e have the genera l form fo r t he s po t fjre dist ance, X*, over 
fla t terrain : 

j Z(O ) 1/2 
X' = ~ u(z)/( gz) oz . 

z (u=O) 

In t he or i gi na l form ula tion , t he profile of ilor izontal wi nds peed wi tl, hei gll t 
wa s assumed t o be of tile form 

u (z) ll. l ln( z/ z )/I n(Hlz ) 
1- a 0 

'11 is the "indspeed at tree top he i ght, H 

(F14 ) 

z i s t he Ilfyi ction length , " estima t ed to be about 0. 1 311 for fores t- cove red 
o 

terr.Jin un der neutra lly s tab l e con di tions. 

Thi s f orm le ad s to the .equatl on used in the nomograph (fig. 8 in Al bini 1979) f or 
spo tt i ng d ist ance: 

II 1/2{ 
X' = 2] .9u

H
(g) 0.362 + (Z(O) )1 /2 1. 1 (Z(O))} 

H 2 n II . ( F22 ) 

Cl early i t l S impLi.ci t in the use of ( Fl4) in the integra l fo r X* that the 
he ight of tile part i cle Sllould llot exc eed t he range of val i dity of the windspeed 
f ormula by en ough t o distort th e result s :i gn if i cantl y . Wh en t he terrain down wind 
of t Ile spot source is fores t covered, tIl e aerodynamic scale paramet e r called the 
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"fr i ction l en gth!! h'il l be on th e order of me t ers (Gaug hman a nd Albini 1980) 8ncl 
s in ce \';e are c on ce rned \\' i th at lllos pheric cO IHj itjon ~ of at least neutral stahi l jt y~ 

th e win d'peed profil e of ( FI4 ) should he a ppllcah le wi t h 1,181. rel i al . i l i ty to a t 
least I SO III (TlllIilli er alld Lappe 1964; Carl, Ta rbe l l, nlld Panofsky 1973) . The 
p reci se r o l e of the f r ic t ion l€n zth pa rame ter, zo' I n de termi ning t he max i mum height 

t o wh i c h th e l oga rit hmic profile i s appli cah l e is not comple te l y clear and may, in 
fact, he irrel evan t (Te nne ke s 1973) . It i s usual lY ass umed that z serves a s a . 0 

l engt h scale for the frictio n- dam.inated s ur f a ce layer of t he atmos pheri c b oundary 
layer (Pl at e 197 J ) ·'!aitan i 1979) . If one interpre t s th e da ta pre sen ted in th e 
c ited sources as de fi ning the maxi mum he i ght, mea sured in frict ion l engt hs, of t he 
logarithmic profile's valJd ity, th e n one must conclude t hat t he max i.mum he i ght is 
<::.I feh' t housa Jld fri ction l engths , de pendi ng upon stab i 1. i ty and ot her con s Ld c ra ti ons. 

III any ca se, one can readily <::.Ip preciate t ll at (F22) s110uld overestimat e til e 
maximum spott ing dis tance if fo r the val ue of Ittree heigh t," ~l, one used t he heigh t 
of mow n grass ills t ead. Tile source of ti,e error tllat would be nl ade is obv iousl y 
use of an inappropria t e h' inds peed profil e . To exte lld ti,e appli cabili ty of t!, C 
mod el to s ituati ons i n Wil l c h the f i r ebrs lld traj ectory i s over sl tort grass , bare 
ground, or eve n water, h'e neeJ 8 different desc r i pti on of the I"'in dspeed pro f i l e 
tllat does Ilot CXll i hit t he sin gu l ar beh avi or of ( r2 2) . 

Bo undary-la ye r s tudies on s nloo t]" f lat p l ate s and pi pe flow studies ha ve re ­
peatedly confirme d (Schlich t i n g 1968) a ve l ocity profi l e foy turbulen t flo ws that 
I S of the fo r m 

1/7 
u(z )/ u

S 
= (z/B) . 

Here B i s any di ~taJlce fr om t he Ival l I;'i thi n t he va riable- speed laye r a nd u
B 

th e 

f l ow spe ed at tlla t pos it ion. Thi s form has heen fO Ulld to Ilave hrond app l icabilit y 
i n meteoro l ogi ca l ""ork as I\: e ll (S ut ton 1953; Plate 197 1), although expon ents oth e r 
t han 1/7 are often us ed t o corre late data tak en i n t he atmos plleric bo undary laye r. 
Sutton ( 1953) rel ates t ile exponent to s t abi lity conditi ons , suggestjng us e of 1/7 
for neut ra l or greate r s tahi l:i.ty, Ivhi le Plat e ( 1971) grap hs a r e lat ionship be t\,;e en 
t Ile exponen t and aerodynamic fI'icti on lengtll. For ve ry sma l l frict ion l eng th s 
(1 cm and less), t he s ugge st ed e xponen t is 0.1, r is i ng semi logarithmic a lly to 0 .4 
for a 3 m fricti on Length. For "f l at , open country," t he sugge s ted exponent s ho\o,' n 
j s about 1/7 . The thi ckness of th e a ir laye r over \"'h ich the pOh'~~r l a\oi profile i s 
app licabl e in no case i s l ess than 270 I n~ accordillg to Plate , and reac hes t lvi ce 
t his value ove r woodlalld s . 

On the basis of t hese con s id e ra tions ) tile power law profi l e wi th an exponen t 
of 1/7 may be used as a replacemen t for t he l oga rithm ic profil e h'henever the height 
of t he vegeta tioll cove r is sma ll enough a lld t he j)lit ial he i ght of tile f i rebrand i s 
large e nough t ha t the logarithm i c profil e becoYiI€s . suspect. This "dec i s ion point r

' 

f or shift i ng from one I'.'indspeed pro fil e mode l to anothe r should he determi ned, 
i deally, on the basis of fid el ity of t he mod e ls in t he s ituation. Yet, ope rational ly , 
it makes no di ffe rence \.;hether or no t t he \.dnd speed profil e mode l emp loyed gives an 
accurat e descr ipti on o f t he wind f i e ld. What nlut t e rs is til e spot fire di s t a ll ce tha t 
i s pr edi c ted by t he use o f tI, e wi nJspeed mo de l . And since bot h mode ls demalld a 
reference h' .inds peed a t a refere nce height from h'hich ext rapo l at ions a rc made, eit her 
i nput va riahle can be aJ justed artificia l l y t o provide the same pred i ction as wou l d 
the us e of the oth er nlod el . 

Symboli ca ll y , the spo t f ire distance pre dicted by tIle l oga rithmic windspeed 
profile nlode l can be written as X;, w!lere 
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* ( )l/Z { (z(O)) (Z(O) ) 112} Xl ~ BUll z(O)/g l n - 1-1- • 0,7241 - f-I- , 

Llk cl"lse the spot fire distance pr co i ctE'd by t he !-"'Oi .. 'cr l a\\' windspeed profi l e mo del 
can be wl'itte n as X~: 

Ta king u
B 

t o be the windspeed a t th e standa rd heigh t, B ~ 20 ft (6 m), amI ass umi ng 

that the form x; giv e s a valid spot t i ng dis tan ce predicti on, V.'e can di scove r at y,rh at 

va lu e o f z.(0) the l o g formu la overpredic t s for a give n value of II, once \..; e a ssign 
ti,e value of ~I' We do this by equ a ting Xi to x; Rnd so lvin g til e res ult i ng expre~-

sian for z(O)/B as a funct i on of z(O)/H and ufi/u B, For a fixe d va lue of ~l/uil' 

insertin g 
(z( O) ,I I), 
values of 

an assumed va lue for z(O)/H 
The graphs sho ~·m i n f i gure 

t he wi nds peed Tat i o uH /uS ' 

g i ves th e va lue o f z(O)/B and lI enee the pa ir 
1 nre pl o t s of this relationship f or di fferent 

Of part icu lar i nt eres t in figu re ) is the curve for lII/ uB = 2/3. Th j ~ I S the 

va l ue that is assumeu for t hIS ratio i.n the current versi on of t he Fire Behavior 
Officers ' (FBO) Fi eld Refe r ence (see footnote 1) , Conseque nt l y , when t he materi" l 
i n th <.l t fie ld guiu E' i s used t o estimate spotting di s tance, t he l og for mu l a will 
oveTpTedict wh en the firebrand height i. greater (for a gi ven coveT he igh t) t han 
ti le va lu e j"ead from that curve . Sw itc )ling to t ile po,~er law profi l e at tllat he igh t 
renders til e prediction th en insensi tive to the vege ta tion cover he i ght. 

FT M 
1200 

3S0 

llffl 300 

6 
;;:; 

'""' 
800 2S0 

I .., 
~ 

I 

0 100 
z 

600 <2 ., 
w 

'" ISO 
~ 

:os 400 

'" "': 100 

100 
so 

1 3 4 S 6 hi 

0 S IO IS 10FT 

VEG£'TATI ON COVER HEI GHT, H 

Figu r e l -- Decision cu r ves for c hoice of windspeed profi le mode l , Above ap pro­
pria t e c urve, use power ] a\\1 model; he l oly, use l o g profi l e. u

B 
is 20 ft 

(6 m) wind s peed , "H i s wi nd speed vsed t o represent va l ue at height of top of 
ve get at ion cover . 
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Operationall y ) one need never empl oy th e power 181,\: profi le explicitl y . All 
on e need do i s determin e th e minimum veg etati on height (for a given fi reb rand h e i gh t) 
required to use th e l og profi. le--by re adi ng th e g raph of figu re 1 "backward 11 --and, 
i f necess ary, to use this mi nimum va lue as an "effecti ve !! height, I-l *. in th e log 
formula. In the case of th e FBO Fie ld Re fe r ence ass umpt ion , uH/u

B 
= 2/3 , th e curve 

in figure 1 i s we ll app roximat ed by a s impl e power l aw r e l at i ons hip: 

11* 
{

2.2Z (0)0.337 _ 4. 0 

z (0)0 .3 37 _ 1.2 2 

ft, z (O) i n feet 

m) zeO) i n me t ers . 

Thi s r e l ationshi p direct ly gi ves H* as a fun ction of zeD)' as needed for the s ubs ti­
tu tion. I f the ac tual vegetation cover heigll t i s J ess tha n t hi s va lue, one sllould 
merely us e t he "effective" value from t h is f ormula in the nomogra ph (o r ma nual ) 
calcul at i ons us ing the l og profil e formul a . The obvi. ous reason i s t hat thi s II c f fe c­
t ive r! value of H i s jus t th e one t hat will cause t he l og profil e fo rmul a t o y ield 
t he spotting di s tanc e that would be fOUIld from th e powe r-law formula fo r t he value 
of z (O) us ed. 

The equation s given i n Al bin i (1 9 79) f o r ad justing the spot fire d i s tance i n 
fl at terrai n to predict tile di stance in hig h- re lief terrain a re not affect ed by the 
shif t i.n wi ndsp eed profil e model s . Onc e the flat -terrain spo tting dis tan ce i s pre ­
dicted ) i t c an be adjus ted for t e rrain rel i e f by the method out l ined in til e cited 
paper.4 

Th e ad justment of spotting di s t ance f or t i, e effect of terrai n rel ief i s inc lu­
ded in a pocket ca l c ula tor prognull (Ch ase 198 1) that aut oma tes t he compu tation of 
spotting di s t an ce outlined in Albi ni ( 1979) . The extens i on s presen t ed in t hi s no te 
are a l so inc luded in t he poc ket ca lcul ator progr am . 

I.f The re i s a typogr ap hi ca l error i n Alb i ni (1979) J page 72. The IIridge top!1 
valu e of t ile parameter mX

I 
list ed on t ll at pa ge should be n/2, not n . 
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The Intermountain Station, headquartered in Ogden, 
Utah, is one of eight regional experiment stations charged 
with providing scientific kn owledge to help resource 
managers meet human needs and protect forest and ran ge 
ecosystems. 

The Intermountain Station includes the States of 
Montana, Idaho, Utah, Nevada, and western Wyoming. 
About 231 million acres , or 85 percent, of the land area in the 
Station territory are classified as forest and rangeland. These 
lands include grasslands, deserts , shrublands , alpine areas , 
and well-stocked forests . They supply fiber for forest in­
dustries ; minerals for energy and industrial development; and 
water for domestic and industrial consumption. They also 
provide recreati on oppo rtunities fo r millions of vi sitors each 
year. 

Field programs and research work units o f the Station 
are maintained in: 

Boise, Id aho 

Bozeman, Montana (in cooperation with Montana 
State University) 

Logan , Utah (in cooperation with Utah State 
Uni versity) 

Missou la, Montana (in cooperation with the 
University of Montana) 

Moscow, Idaho (in coo peration with the Univer­
sity of Idaho) 

Provo , Utah (in cooperation with Brigham Young 
University) 

Reno, Nevada (in cooperation with the University 
of Nevada) 
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