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MEAN PHYSICAL PROPERTIES OF THE NOCTURN. L
ALONG-VALLEY WIND IN BRUSH CREEK, COLORADO

William E. Clements and John A. Archuleta

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

1. INTRODUCTION

Duringa September and  Octoher of
1934, the U. 5. Departmen” of FEnergy’s
Atmospheric 5Studies in Cemplex Terrain
(ASCOT) Program conducted a series of
meteorological experiments in the Brush
Creek Valley of wastern Culorado
(Gudiksen et al., 1984). The purpose of
the study, which employed a variety of
instruments, was to investigate the
nocturnal katabatic wind in the wvalley

and its morning breakup. Tethered
balloon systenms measured vertical
profiles of wind and temperature

throughout the depth of the valley at
several locations along its axis. We
have used the data at nne of these sites
to investigate the mean properties of the
nocturnal katabatic wind.

2. BRUSH CREEK VALLEY

Brush Creek Valley is located
approximately 50 kilometers north of
Grand JMunction, Coloradn. It is one of a
sories of parallel valleys drainina the
Reoan Plate»y arera unouth of the Piceance
Basin. The valley is 2% km lona and runs
from northwest to southeast as shown in
¥ig. 1. The width of the wvalley tloor
ranges from 300 m at mid-vailey tn 700 m
at its mouth. In the area of the valley
where studies were conducted it is 600 m
deep with 309 :o 409 sidewalls cut by
numerous small wributaries, The wvalley
floor slopes nently (1.%°) dewn to the
soutrheast ,

3. DATA

Figure 1 shows the location of the
tethered balleen soundinyg qystems
oprrated in Drush Creok, Each measured
wind speed, wind dirvection, temperature,
wet-bulb temperatir e, and baromntric
pressure. Data were coallected during

halloon ascents from the surface up to a
maximum of about 800 m ahove each site
depending upon (flying conditions. Each
ascent lasted approximately forty-five

minutes. There were ejght flights,
spaced an hour and a haif apart, on each
experimental night. The firat flight

started at 2300 MST ancd thae final one at
1000 MST the follo<ing morning.

In the ensuing analysis we have used
the data from the Los Alamos National
l.aboratory (LANL) site located
approximately 8 km from the mouth of the
valley (Fig. 1). Average profiles of wind
and temperature were obtained from four
flights between 0100 and 0600 MST on the
mornings of September 18, 20, 26, and 30.
The averaging period was selected to
include the time when the katapatic wind
was well established and in a relatively
steady state. The four nights were
selected because on each of them the wind
at ridgetop above the katabatic flow had
no down-valley component. Therefore, the
cases under consideration are those for
which the nocturnal katabatic wind
established wunder conditions of some
component of oppnsing winds above.

Simplified topographic .nap of

Fig. 1.
brush Creek showing the locations of the
tetherad balloon sounding systems, Data
from the LANL site are used (n this

paper. Contour lines are labelaed in
meters MSI, aad the top of the map is grid



4. ANALYSIS

Tigure 2 shows the coordinate system
used. At the LANL site the bearing of
the valley axis looking downvalley is
taken to be 140° true. We define u and v
to be the along-valley and cross-valley
wind speed components respectively. A
rositive u indicates a wind blowing

downvalley and a positive v indicates a
wind blowing fr:imn the southwesterly side
of the valley.

DOWNVALLEY

Fig. 2.
coordipnate systeom aynoed.

Schemat i of valley showing the

He vertic:l rrofilos of temperature
and alonq-valley wind spoed for the four
nights examined are presnented in Fig, 3.
The tempoeratinie protiles show
surface  based  inversion topped by a
quasi-isothoerm.! teqgion reachirg to
ridgetop (600 wm). W detine the surface
inversion streng'h, 1L, by

a strong

518 - Ty - T, /ey (1)
where 2y is the hejalt above ground where
the temperature g alient  becomrs  less
than 0.01 ¥/m, 7, 15 the temperature at

Zjie and T, s the canface air temperature
in the lowent o

The: along valley witd spoed profiles
show a low level dowpnevalley  jet which

aventually qives way to the opposing flow
above. W define:

D, the depth of the katabatic wind;
the height at which the along-
valley wind spend ques to zero.

Up, the maximum wind speed in the jet
of the katabatic wind,

Zme, the height of up.

In addition, the total wind speed at
ridge top is defined as

Syr, the avera total wind speed,
F (u5 v )?72, between 600 and
700 m.

The profiles can be used to estimate
the along-valley fluxes of gquantities
advected by the nocturnal katabatic wind,
The along-valley flux F of a quantity Q
is given by

D +h
Fo - f / Quly,z)dydz (2)
0 -h

To compute the mass, momentum, Kkinetic
enerqgy, and internal cecnergy fluxes we
take

Op = @ (3
Up = pUu (4)
Qg = (1/2) pu? (5)
QrE = PCyT (6)

where p is the_density of the air taker
to be 1.0 kg/m? and C, is the specific
heat capfcltf at constant volume
(718 J kg™ * K™4).

Clements and ilcard (1987) have shown
that the cross-valley structure cf the
along-valley wind is of the parabolic
form

ulz) = u"(2) (A ¢+ Bly/h(z)]12) (7

where u*(2) is the maximum wind speed au
2 abx o the ground, y is the cross-valley
coordinate, and hi(z) is the valley
half-width at =z. A and B are constantr
of valus 1.0 and -0.8 respectively.,

using Eq. (1) in Eq. (2) it can Le
shown that the along-valley flux F° for a
quant {try 2 obtainnd by ansuming
horirontal homogrneity in u in
proportional to the flux I' obtatnend vsing
the pasaboric distribution H>f u by

bo - Kgihamr’ (R)
wherr Kn in a constant for O which Is a
funct fon ¢f A and B, For A - 1.0 and
p - 0.8 L can be shown that

Km ~ Kll.j - 0.7
Kp 0.6

Kk - 0.5



2 (m)

400 4

gl

anh

and

[ L) am

Flg.

Hnle

T(K)

NG JHERR

o
‘“au"“

epiteemba o 00, 0ln0o

1, Moan (0100
trmrcratinne T oand along-valley wind speed u measuree at

n rash

Crrak.

Al

T L LT
ot}

-

460

00

N,

.
1N
'y

B0 ’

no

L L
rA \m)
§J

to 0600 MST)

il

AR

dier 18, 0160 - 0600 MST

0600 Miy

vortical

R e R ik IEIRL SR REEL BN

e 1
u (in/n)

profiles

of the
the LANL



Z{n)

)

Z({m

100

o0

WA

3y
.\lnuun-nuu AT g ETERED

#
&
~
i — - .
b 280 108 40
T(K)

Septorher O,

L]
nm Il!l“'“IIl'“l“!"Mmmmu'm.

&= L [
rm ({.1-] L0 e

T(K)

Hopt aphor 10

¢

nraqg

200

600

800 4

Z ()

400

a0

glag - 0600 MST

0600 MST

Fig. X, (Coptinued) Mean (0100 to 0600 MST) vertical profiles o!f
the temperature T and along-valley wind speed u measured at tho

LANL site in Brush Creek.



1f we assume that the along-valley
wind speed obtained from the tethered
balloon profiles 1is the maximum wind
speed u“(z) in Eq. (7) aad, for lack of
other data, that the temp2rature field is
horizontally homogeneous, we can estimate
the along-valley fluxes of Eqs. (3-6) by

D
Fq = Kof Quiiz)W(z)dz (9)
0
where W(z) is the valley width at
5. RESULTS
The profiles of ctemperature and

aleong-valley wind speed averaged from
0100 to 0600 MST for the frur nichts are
shown 1in Fig. 3. As meationed above the
temperature profiles are characterized by
a strong surface based inversion
overlayed by a quasi-isothermal region.
The potential temperature calcuiated from
the temperature profiles increases
throughout the depth of the valley on all
nights. Hence, although the strong
inversion cccurs in the lowest 200 m, chn
entire depth of the valley atmosphere is
stable.

The along-valley wind speed profiles
show & strong low-level Jjet in the
katabatic wind. This gradually gives way
to the opposing flow at higher
elevations. Profiles of the cross-vallcy
wind speed (not presented here) show only
small coaponrents in the katabatic layer
indicating that the flow 1s rcasonably
aligned along the chosen valley axis,

Table 1 Lummarizes some of the mean
physical properties of the nocturnal
katabatic wind determined from the
profiles in Fiqg. 3. The depth of the
katabatic wind filled the valley on 9/18
when the the ridgetop wind was very weak.
Since in the four cases examined the
along-valley component of the ridgetop
wind was upvalley, one wonrld

Tablin 1

Properties o! the Katabatic Wind.

Date

Property A A0 R X 1
Spy (m/s) C.3 2.1 2.6 2.1
D {m) 605 455 31715 i3y
515 (K/100 m) 2.9 3.2 2.9 4.3
Up (m/s) 5.3 4.9 1.9 6.1
Zp (m) 100 8% 95 85

expect that its strength would affect the
katabatic wind. Figure 4 shows the
linear relationship that exists between
the depth D of the katabatic wind and
the ridgetop wind speed Sp.. The data
1lso indicate that the maximum wind speed
u, in the katabatic jet varies linearly
with the surface inversion strength SIS
as shown in Fig. 5. The height 2z, of the
jet is, to within experimental
uncertainties, related to D by

z,/D = 0,20 (10)
POO 1-- ~m—=
tan r:
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Fig. 4. Depth of katabatic wind das a

function of ridgetop wind speed. The
sclid line is a least squares fit to the
data.
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Fig. 5. Maximum wind speed in the

katabatic Jjet as a function of the
surface inversion strength, The 3solid
line is a least squaras fit to the data.



. Table 2 gives the along-valley
fluxes of mass, momentum, kinetic energy,
and internal energy generated by the
katabatic wind on earh of the four
nights. The momentum, kinetic energy,
and internal energy fluxes are included
for reference, but discussions of them
are beyond the scope of this paper.

Table 2

Along-Valley Fluxes.

Date
Flux 18 29 26 20
Mass! 0.91  0.71 0.43 0.68
Momentum? 2.4 2.2 1.1 2.2
K. £.3 7.9 8.0 3.8 8.6
1. .4 0.i13  0.15 0.09 0.14
1 106 xg/s 3 106 _a/s
106 (kg m)/s? 41012 g/s
The mass transported by the
katabatic flow ranges from 0.4 to 0.9
million «cubic meters per second. A
strong correlatior exists between the

mass flux and the ridgetop wind speed as
shown in Fig. 6. Tnis again is expected
since in all cases the aleng-valley
component of the ridqgetop wind opposes
the katabatic wind. Extrapolation of
the data of Figs. 4 and 6 would indicate
that a ridgeton windspced of 10-15 m/s
might preven: the ostablishment of the
nocturnal katabatic wind in the valley.
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Fig. 6., Mass flux in katabatic wind as a

function of the ridgetnp wind speed. The
solid line is a least squares it to the
data.

6. SUMMARY

Some physical properties of the
nocturnal katabatic wind in Brush Creek,
Colorado have been examined for four
niyhts when the ridgetop wind had an
upvalley component. If these four cases
can be considered representative of this
situation 1in Brush Creek, then the
following mean characteristics of the
katabatic wind can be expected

SIS = 3.2 + 0.8 K/100 m
D =470 + 100 m
Up, = 5.6 + 0.6 m/s
zp/D = 0.2 + 0.03

it

mass flux = (0.7 + 0.2) X 105 kg/s

The maximum wind speed up in cthe
katabatic jet increases linearly with the

surface inversion strength SIS.
Furthermore, the depth and the mass flux
decreases linearly with increasing

ridgetop wind speed. These relationships
suggests that a ridgetop wind speed of
10-15 m/s may completely cut off the
katabatic wind.
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