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A COMPARISON OF LATERAL AND VFtR::CAL I) IFFUSION

IN SEVENAL VALLEYS

Sumner Barr
Atmospheric Sciences Croul> (MS D466)

Ian Alamoe )kLIOnal LhboreLory

loo Alamom, NH 87545

1. INTRODIN710N

Nocturnal tracer experlmenLn at four ‘/alley

uiLeE demonnt:ate a crons nectlon of the
complicating phenomena attending the transport
and diffumion of ●irborne materials in complex
terrain. Thir paper 1s a reanalysis of

prewfously puhll=hed data and iL provlden an
int.ercomparinon of diapernion at the four sites
in Lemn of thatr topographic structure. Plume
modeln are adopted ● m a focus of dincuonion and a
point of departure LO ●xamine nonplumelike
b~havlor Ln the tracer data.

ka Alamoa Canyon in a small cnnyon on the
laboratory site at ha Alamoa, NM. IL in

orienLed west-eaot wiLh ●n unobaLructed ouLflou
hL Lhe caat ●nd. IL la 60 m deep, 250 m wide,
and 20 km long. The aide walla are very steep

and the floor lo wooded with a pine cnnopy
rcnching about 25 m above gro:!nd. A ❑crten of
❑even nocLurnal ●xperiment were conducLed in
1976 and 1977 (Archuler.a ●t al., 1978) in which

fluorcnrcnL parLicle tracer WCI.J releancd nL I m
ahovc gro~lnd and nampled on Lhrec Crona canyon
linrn OUL Lo 4 km ● n well an a IO-m Lower at 1
km. In nnOLht?r ❑ertem of LefiLn dcncrlhed hy
ClrmvnLn CL al. (19f10), two relenncn of SF6 mnd
ma: of hemvy ❑cthml,r (13CD4] were nnmpled
hrqm.nLLnl]y nL n nlLr on Lhc cnnyon nxln at 6 km
fl{,m Lhr r~]CRII@ polllL.

Corrnl Gulch in nnOLhrr nmnll f~ntwrr
locnlrd In Lhc Plccnnce Rnnin of wonLcrn (:olormdc)

on Lhr oil nhn~c lennc LracL, C-n. 11 orip,lnntrn
nrnr n 2600-M rfd Rr nnd flnwn Low.-:d Lho
nOL’LhlWIIIL. A ncrlen of fnur SF
rnlduclrd durlnE AURWRL 19110 an

~ ●xpr~lnmnln wrrv
nre r ●ncrilwd hY

Clrmrntn FL ml, (198]). Corrnl (h,lcl, in mh,,ul
60 m drrp, 60(] m wide nnd nhout I’I km lnnu. II

hnn n nml,nLllFr crumn ❑rct 1o11 Lhnn L(, N Alnmt)ll
Cnllyon nnd n qunn!-unifol-m vr~rLa!lvr rt,vrr or 2-

10 17n-h!Rh nnp,ehrwnhm Tlir trllrel, t Rperlmiln! n
wf. rr nupl}or Lod hy a ncLwwrk t]f m[x fixrd ulIItl nntl
Lrmprt-n[tlrr f4LnLlrNtn 111111n [rLhPrn(vn(lI-.

l’nrMcllutr (:rc. rk In n A(10-m-drrp n!, rrll-wlllr(l
Vnllry l.llnl drn!nn ❑ollllwmrd for 2[) km [r,,m I I,,.
R(lnll I’lnlrnw 1(} Illo (’[;lotndu ILlvrl III Wrnlrln
(:111(1111111). wolf r! ml. denrrllIo It nrlletl (II 111111
Illpmlll I l-n{. t I’nt.rl rxprl,lmrlll n llnlll~ f Itltsl,,n(rlll
pnll Irlr!l. ‘rlll- vnllFy In wrl l–f[~lmrd ,!11,1
m(,tlolnlrly Ml lhl~lll I(II, mit(.lt (,[ I(H Z(l-hm Iolly,llt.

1[ Ilnn n W!dlil of ~-~ km. TIIr dlmrltnlt,ua. 111111
t(lp{ly.rnphir IFlidf mP Wllfrl(.lelli It) R*na. nnlF n
111~111I Imt. If,t.nl WiId IhIII rlllwti IW.lY IuII1 ItIII
(:l,llll-ndII l(lvFI vnllry. T\ti,.,. I ll-lrn IIPII W4-llm ml,!,.
nl hll m nh,pv~ I,,cnl flh,,uitd It. vt. l nrnl IIIF hrnol ~)r

I III. vnl lrv *III! n ❑nmpl IIIR III rny *I IIIIM 1110 Vnl ],. y

nnI1l nlil)wrd Ihr ~@IIMIm ~lr ,111111 1{111 rnlitlltl ,1111

L() 7.IJ km ll(~m thr rrlt. nnr IIt II III .

Andernon Creek Valley in California, the

slLe of experiments by the U.S. Department of
Energy’a ASCOTl program in 1919 and 1980 ham

about an 800- Lerrain variation from the ridge

to the valley outflow. Rather than being a
linear valley, Anderson Creek haa the character

of a bowl approximately 4 km in diameter sloping
downward toward the eaat and north. It ❑erges
wiLh Putah Creek Valley, ● more linear feature

that entera from the norLhwent. The outflnw la
noL vigorous. The valley floor flattena out to
form a broad baain. The cool air that drainn

from the upper ❑lopen creates a nLable cold pool
of S1OW1Y moving air Lhat grows in depth Lhrough

Lhe nighL LO 200-300 ❑ . There are ●L leaaL four
major dralnagc channeln in Lhe Andernon Creek

expcrimrntal area and Lhelr interplay produces
vcrLical layering and horizontal meandering in a
tracer plume. Theoc facLora, an well as a

nonwnlform vegetaLlve cover, Rive rise Lo
decldcdly lnhomouencoun and nonatationnry

transport condltionn during Lh@ nlghL. Tk.! ASCOT
expcrimentn are dlmcunsed in detail in collected
wnrk.q of Lhe program parLiCipanLO (Cudikncn.
1979; Dickerson, 19fll)).

During SepLcmhcr 1980 a nerlefi of flvc
cxpt?rimcnLn Wnm CLIlll!WeLcd. In cnch cxperimenL,
flvr ■cpmraLe Lrnccr Rnncn were rt.lenncd nL

cllffrren: locnLtnnn Lo explore LIIc cffccLa Of
drninagc channcln, V!7K(!LhL[On, nnd @lCVRLinn n-l

Lrallnpor’L nnd dlffllnlnn. In lhln paper WC will

fq;:~:n,,Ys
renulLn of Lwn dewLrrnLrd ❑rLhnnrn,

cl),, , nhl)rrvinLrd f4r-20 on,l Mr-21,
rcnp@rLtvrly. Thry werr LW’pnned cwllcul-ren Lly al
thr nnmr ~rngrnphlr ]or;lLlon hut Illr tlr-2(J wn~
r~lrnnrd nL 60 L[) 1!() m “h~jvr Krnwnd uhf 1~ LhF

Hr-21 wnn n RrIIIIIld-lvvrl relenmr. The nuppnrLin
Ymrl, rnr(lloRir.nl dnLn IIlrludrll I hr NCAR PAW

NllrfnrP n@Lwork, n ho..m Lowvr’, nix lr[hrrn(mdon ,
m\tl I ndmI,-. t I nckl.sl I VI I (NIIIII .

?. I) IS(:IIS!:ION 0}’ INDIVII)IIAI, VA I, I,EY!;

?.1 Antlr!Hon (: Irc.k Vnllry

mp I I’nvel (Ilrlptbrll!avlb In AII(lr It II, II [:lrok
Vnllvy rm.mlItmIIalIl lt, 1110 I,nn I II rllnrnr! rr [Ir I Ilr
nlll.. ThrII’r in n Hy@i@m~lil. [lrmllln~.,c Wlll(l 1,11 I h!.
hlllnl(!on lha[ n(tllmlllnlrn into n Ill,,, I (If I’ll Ill
nll III llIr Imnlll. 0111 fl(,w fl,,m III,! hnnln in wrak

111, !110 p,.1,1 111~1.p,,litl ,1111111~ llli~ Illghl , Ulllllll !110
(,4B1)I nll 111..1!. 111 n lmllllollly Illwnrll Iolll(tllnl 11111
nnd mrnnt!t. riilr, . 111 nllvll nll Fllvilt)nvmllt , i lmu
lnlr~lnlrd (.aBllI,rlll Inl 11,11 Wl)!ll(l nllllu n WI II1. I

‘Nm l,, IInl (:PIII 1.1 1111 A!mt, nphri 1,$ Nmnt.mltll’n
I’t)ltnl)lt. A!ll,,m;hlo,l Hutoa,,q,l,,R{#nl nln! ttIm I

I



pattern than would be expecLed for a
ayatematically moving plume. The heavy ❑ethane

tracers were releaned at a poinL on the upper
elopee of Anderson Creek Valley more than 600 m

above Lhe valley floor. The first kilometer of
plume travel wan unaffected by stagnation ●ffectn
and the lateral growLh rate in well dencrlbed by
Lhe plume ~arameterizatfom of Cramer ●t al.
(1964) unlnu meteorological inputs from a tower

“he hiliside. How~ver, be~ond 1 or 2 km, Lhe

valIJ6s lncreaee rapidly with travel dimtance
ohown in Fig. 1.

~

b“

X (km)

FiR. 1. The lateral nLnndard deviation of the
donnge profile for Andcrnon Creek
Vallry. TIIe numernln rt?pr,. nen L Lhc

cxpcrimenL numhcr. Thr llncn nrc Lho

approXiMLt! hotlndn given hy mrLeorologi-
cnl LndlcnLurn.

Two nddtLlonal connldcrnLionu ❑uppGrL Lh-

hy,)uLhrniR of u FI1OW1Y drlfl!nx find clcnlld~~rillll

Lrncer c lrnl(! In Audrrnon Crrrk Vmllry. (hut In
lhr. t,lnud pnnsnrnr Lfmv nl m ut.qur;ll [nl nnmplc 1’

nvnl- LIBO tonf lurnrc of Atl[lrrn(nn and I’tll. nh (Iluokti.

Thr c.lolld Ltlnl WFfI rrlrnnod IIVVI n l+ prrltd
Lnkrn n,. mllrll mn 6 h L{, vlrnr (III, \;rq,)rnLlnl
mnmplrr. Thr tIr-21 rvlrmIIId nl }:rutllttl lFVFI hnn

n nlltlrt P1’ rrmt(;rn[,o nl Illr ,It.ilurlll fnl ~mml}l’n~
nflr Ll, nll Illr M$.-.7,O Irrlrnmrd nl)t)ve I hr ,Irm!nnuc.

WI !11! . TIN. W-2 1 I nflb 1-./, 11 10 pnmn wlitlr 1110

tle-70 wmll . I I!m,llll, fl,l ‘)-() Il. Tl}r 1)1IIPI

ohlirrvml lnN In •lll~wll IN F’IK. 2, whit h drplr!n 111~
.lMlrrmrlll I!rlworll I IIIJ I 1ni, rt p!llmls Il,lulldn l-y r(ll

II1o flrml rxllrrlmrnt (!;op:rmh-1 If), l’~11(1) nu(l Ill!.
l(lptl}:rnplll!. a,l,ll!cltll ot!lllvnl~lll 1,1 lllr 11)18 ~Jr I II,-

I.tvfvI mll p,lt,l n II ,.tll 1.,1111.11 fla,m I r.! Ilelllll,lllo

pl,,rllon.

Axlnl 1!1 1111!!111 fnt.ltli n III FIE. 1 nil,

Rt’111’lnllv I.lllllllnlrlll Wllll ,lr*l no~lllnl ,llnprrml~tll

11111111111111111,111 Ill nll#,,ll 1[) ) . ‘1’1113 nulrrll Ultll

I Ill. ~1.11,.l ml Inllp. o 11’ INII18111*)II fltla IIlnl lIll\ ,Ihln

fl,tm Ill- It,ur,l . ‘1’llr I Ilwl.1 ‘N 1,, ( 1111,,1) Uol I ,1h! Iv,,

I ho 11111 ,bf I Ilr Ill Ilmllnllt 111111 nll Wlllllll Ilt,l 1,,.
nxl,ra.lral l~t tvplrnflnl Ill,. m,,fiil,lol [lIU Wllhlll I 110
pth,vl .

VI.il It,nl 1.111111.111I ml !1,11 ,Ilt,l Ilrn W*, I 1,

Wlhnulr,l 1111 I al 0{) ,“ n,. nl I 110. . (1111I!lrl)(. r all

AIId VItit III nl\t! i’111 nll ,.1 Oebn , ~.llt.lll. lv 111.111 lllr~
{mlllml Ill I 111, ll.l, rl plllminll . 1’I IllH,. ,Irpl Iln

Fiu. 2. The plume boundary ●nd ❑clecLed
LbpoCraplllc conLouro for SepLcmhcr 12,
1980. The 730 ❑ conLour lm Lhc npprox-
imaLr hclghL of lhe cold pool.

expresuetl ● m Llz vmlucm nre in Lhc range of ncmr

nruLtnl Lo nllRhLly nLmhle dlnpernlon. A morlen

of rntlmnf rm (Jf u baaed on mamo connrrvnLlon

unlnR Lhr obmervod ~ronnwfnd lnLeRraLcd df,finge

mRrrrm very WCI1 wiLh Lhr mcnmured valuem (Tnhlc
1) CXCmpL for LIW n@cnIIIl rxprrlm@nL wllrrr ~#n

conm~rvntirm lendn (0 (J of 52R m while Lhr

t,h~lrrv(.d o lmu,,lylllm. ft imnf,mnfhlo lll,,Ll,l\r

pr’t~fllt! ml;nrd I.ho centrr of Lhr plume.

7,.2 I’nrnclllltr (:,rrk

TIIr mri~nroln~lrml dntn pren~ntrd hy Uf,lf r(

al. wrrr mufffclrnL L(1 (Iellurr I hml Lhr flltlr

@xllrrimrllLm wor’r rolldlwl Pd Wndrr mradrrnlrly

I

I

Flp,. 1. 1)1 111111111
V“lll. y



TABLE I
PLUPT DEPTH PARMETERS FOR ANDERSON CREEK

x - 4.8 km

(Ck)) (k (Cr2er)EEQM2! — — —— (2C).——

1 130 107 1100 34

2 528 81 200 34

3 1850 93 34

4 63 51 1600 34

5 144 141 , 110 34

stable =onditlone. Simply applying the Curves

from Turner’o (1967) Uorkbook for Lhc E e.LablllLy
clams yieldn a good mgreemenL between 3 and XI km

am nhown in Fig. 4. We ❑ighL ank why such a

nimple method would be that ●ucceoo:ul in ouch a
complex topographic netting. The reaooli could be

thaL Lhe valley la reasonably etralght and Lhe

10CJI1 uindll brink and ❑Leady. ~aG the valleY in
wide encugh no that Lhe plume doesn’t interact

much with the walln until the exit poinL.

Perhmpn of more fnterent In the deparLure .f the
clone-in ❑amplen at 0.3 kru from modsled plum~

behavior. Referring again to the conventional

curves we flntl that turbulence levelm ●quivalent

to Pasquill-Cifford caLegory C would ●xplaLn Lhe

higher clone-in dooag~e. wolf ●t al. deacrib~ a
facLor of 3 difference in Turbulence inLenniLy aL
.,. .... tource nrvf aL mid-valley wiLh Lhc oource

values higher. IL i- quite remnonable LO expecL
Lhe early plume behavior LO bu deocribcd by

pnrmmelera aL Lhe source uhile lnLer behavior Lo
be beLLer repre#enLed by meLeoroloRLcal dnLa from

Lhr mldd’le of Lhe vallry. The ma!II complication

in Para,:huLe Creek in~lcated hy Lheec daLa would
ae~m Lo be inhomogcn?Lty, aL lennL hctwecn Lhc

Vallry Ile.ld nnd L’IC remnlrilng porLlon of Lhv

Vmllcy.

10 “[ ‘. ‘—---” –”---—
—----- ~.–-–
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,o.~d
0.1 I 10

Fig. 5. 9i]uLi0n Fac .rn for Lo@ A3amao Caryon

when we use Paaquill-Cifford curven.
The CIUS to

the relatively nlou downwind dilution ■howa up in

Fig. 6, the lateral ntandard deviation of the
plume dosage profile, u .

The lateral plume
dimenalon exhibitu r!catLeryover i. factor of 2 but

iB eusentlally independent of travel distance
between 1 and 6 km. lhe limiting u value
correnpondn LO a plume whone full widt{ Im the
width of Lhe canyon ltee~f.

croon canyon dosage
profiles show a mid-canyon peak even at the lant
line raLiler Lhan a Lrend to a uniform profile.

X (km)

Iw , I I

—— —— ‘/;f =

F
.++j--:-

’10 ;/+;”; , i

0.1 I 10

X (km)
Fig. 6. D(JWIIVII1[I u profilr fol

Y
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1’1ump Ilrptlln WPrr rnl imn”rd nl Lhc~
I-km-uampllng line only ❑inr~ fi Lowvr 111,1’o
provlllrd n rompnrinom . Thr pnrnme”rr o Wnn
r!llfmn14. d r rnm Lho Lowrr pl-ufl]rn by nrl~cLlnl:
Lhr help,hl nL vlitc~l l,nc-l,rnLh Lhe I:nximllm donnp,p
orrtlrrrd all,! r!!vldlng Ihnl, hrtRltt :)y 2.1}. Th.I
Vrrllral #lrlwlll rrqlllrrd Lm nmlnlnln Ll,thR
~.(bnn~rvnlv.v lIrlwrrII (h? n(,,lrcp, q“, nu(l Lho
~l,llnnWtlld illt@R1.1.ied dlJnnKo ((~WI[)) in RIWI.!I hy:

..
II (Cu:l))

(1)
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I III.
1119,
IIW
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‘*LIKE DEPTH

ExperimenL-

77-1

2
3

10
11

TABLE 11
PARW.TERS FOR L13S ALAHOS CANYON

x-1

29 13 30
42 15 120
32 18 25
37 15 25
20 15 25

2.4 Corral Gulch

The tracer reeultn trom thin merlen of
experiment are diacunned in detail by Barr .:L
al. (1962) ●nd will only be eummerized here.
Plume parametaro a mlightly
greater dlffunion t{anan~ou;~ ;~hi;~;lcmted by
Bimple stability-baaed prediction methodn or the
gronn turbulence indicator~. The lateral
coefficient, a 7) appearn to diminish
olighLly hetwee~ 3’~1%”6 km. Two terrain-related
mechanimmn contribute to the development of the
plume. A meandering component immediately
downwind of Lhe co;lflusnce of two branches of Lhe
gulch given Lhe appearance of an abnormally wide-
ttme integrated plnme. FurLher downnLrcnm the
menn wind direction aLablllzcs and thr plurnc
dimennion reflectn diffueive spread due Lo
nmnll-ncale Lurhulence. A weak hut persinlrnL
inflow of cool air down Lhe nidea of the gulch
provides a convergence mechaninm renisting
lnL@rnl nprend and promoLlnR VerLicml ●xpnnnion.
VerLiCnl plume par,(mctern were enLimatcd from
mnns hnlnnce cnnalderaLionn nnd Lhc cronnwlnd
lnlr~rnl.rd donn~o nnd arr glvrn in Tmhlc 11[.

R(JN I O
2 [1
~n

.

I 1 l,,
10‘ 1(1” I

[lo WNwl Nl) [) I!i IF N[:I (h III)

TABLE III
PLUM~ DEPTH PARAKETRRS FOR

3 km

~eriment.——-— (%lD)—.

1 90
2 100
3 100

3. SUHMARY AND CONCLUSIONS

cot--w. CULCN

6 km

(%)—----

180
175
130

Ue have cxnmined Lhe LurhulenL dispernic,n of

Lrmcern in fear valleyn. Two nre rcaeonably

large with greater Lhen 600-M Lerrain relief and
two are well-formed but are nhallow and nsrruw.
Both Andernon Creek, California and ParachuLe
Creek, Colorado are large and deep enough to
produce a ❑yntzmatic cool air drainage vlnd

regime although Lhe difference in valley @hapea
makeu Lhc nLrucLule of LhaL wind field quite
different. ParachuLe Creek is a deep linear

valley in which a vigorous down-valley flow
dcvelope and ●xiLn nL L]:e mouth wiLh[j~ltc

significant obntructfon. Tllroughout mont of tile
valley Lhe disprrnion In ParacimLc fn]lown the

conventional prescription uning either rndiation-
windnpeed or dA prerficLorn, allhowgh the he~d of
Ll\c valley hnn lllghcr turbulence levels .
Andernon Creek in m Lhrcc-dlmeneional bowl wiLh a
very flaL OUL[1OU rcp,lnn from wl,ich the cool nir
beckn up 10 form n qunnl-nlngnnnL pool 2of)-3~0 m
deep. Inllomogcncow~ Lurhwlence lo ● mnjur facLor
in Lhe LrnnnporL llfnLory of Lrncern in Andcrnon
Cre.ck. In the SInpt!-+lnd pnrLton of Lhc hnnin
the plume growLh in nyntrmnltc and nhowL 1.5 Lo 2
pamquill-Giffor(f cnLr!Rt,rlrw mfirr vigorolln Lhnn

CIILimn Lrd hy rII(lln LicJII find Wil\d14pC(~d. Il(,wrvrl [J*
in n goud prl.dlctor, nl lPnnL in I.hc rnnvmhlv an
lnnR nn !L in ol,nrrvr,l in Lhu nnmr Ilowmnlrlpc
rrRlmr. Tllr mlr)wrr ❑ rnll WI 11(1 Ihnd gl’{,illrl
❑rnnd@rlll K Lhnl Lllr plllmr l-ncollulrrfi in Lhr cow L
ntr pm)l mnkrw n dln~ lnrl cllllnp,e In Lhr L1’Rcrl’
Cll,lld hrhnv for. Urn!dPIItP Ilmrn nrc lonp, nn,! Ll,r

nPPnr@n L wldlh ~Jr n ~ [m,. ln!r Rrntr Il plllmr lM much
~rrnlor Lhnf) prlt(llclrd hy p 1Ilmo m[,blc I
a,:nllnltlt, rnl !cIml .

TIIII IUII ~imitll..ntnla !VI Inln fvn[tirou, (:1111111

(;IIII.11 mtld I,[,n ,+lnm(l,l I;nlly,vll, (*11,1 la, ,lln{lllf.1 I Ill.
WI 11(1 Nvnt. n-nt P(I 1,,(.nlly 1811 IIlr Iloxl Inruor ncnl*
11111 pl’,,,ltlcr I)nly wr:~k, nllnllllw 11Iopt.-wl Iltl
~.llnl-nt l,rrlfi~ 1(.n lh,~mnvlvrn. Tl\r p,l[)nn dill wnlou
IN Im,l,. v!~,,lt,lltl hy I,n 1,,,11 (,111. I’.. nqll[l I tirrllld
Cnlrp,fll’y IIITI1 In,llrnl 0[1 hv I ht. 1 ,, ,11 ,1 l,,,,. -
Wllulnprrll “ynt,.in ,,,1, 1 in [.,]llrllntvnl Will} me:~n~lrod
,1 vnltirrl . 111)111 vnl Iryn lrml I(I r~)Iinl l.nlil It),.
l~loinl nljl,~n,l Ilr t Int.o.l . V1.,11,.nl p,! owl 11
1.!1! Imnl ,.11 llll~,p,a.nl ! Ilnl blltbm,.li t x11 ~1.t,w nl,, VI. I 1,,.
hI.lKltI ,Ir ItIt. V{,IIOY ~nII1l. II In IVnrtt, utnl,lt” I 1,

l*mp,., t tllnt mntrrlnl tlIt N I. RIInle I! by n Vnllry III

,111111 Ihllll.11 Ill I Ilr 111111411illIll u): III t.n 111! IllIll ,1,.,
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Illnll, 11,.,1 ,,1, s,,l,. ,, It,,ill,,lllnl m,,dtil,l,,i III}: Illl#f
vvnl l,nl n! I Int t,,ltn ,BI I ndbtvt nllul N 1,.,11 ,!, .
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lnhweogeneitlrs nnd Lemporal development all

contribute LO I-he need Lo aelecl very carefully

the ~puL meteorological data LO any lrannporl

and diffusion estimation meLhod. Valleys ofLen

nlmplify sampling neLworkm Ly defining an axi~ of
mean traneporL but it la advisable LO dcslgn

neveral croaevind nampling linen and a Verlical

nampling capability into the network. Also, each

1 Ine should have a Lime reeolving ❑ampler

(continuous or aequenLial) in order to dincern
varlationn in LranaporL ❑peed. If constrained
area accees uakea cronswind arco impossible, a

uniform dinLribuLfon of mnmplern In quite

inLerprcLahle. This wan done in Andernr,n Creak

valley. Meteorological nupporL allould include an
mrlequaLe ncLwork of murface baaed nenaora LO
diaLinguioh Lhe imporLant inkomogeneitien and

should include vertical information Lhrough a

leyer aL leanL an deep an the plume. Croon
:urbulence paramelere ●uch an aA occm 10
charncLerize some of Lhe imporLnnt prcce~sea Lh#L
complicn Le valley environmen LfI .

1;, Vieti of Lhe cnac of ❑ennurirrg Ri ooa
:urbulence with ❑odern lnoLrumenLaliun, Lhese
parmcctern should ho n routine requiremcnL in a
anmpling progr~m. Since OA in a funcl.ion of Llw!
Rnmpling dllrmLirm, that Lime (e.g. 10 mln, 60
mln) ahn,lld nLvny@ hc reporlrd nlrmg wiLh Lhc aA

Valllen .
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