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THE NEAR SURFACE TEMPERATURE FIELD IN A BASIN

DURING NOCTURNAL DRAINAGE FLOW

T. G. Kyle and W. E. Clenents
Los Alamos Nationzl laboratory
los Alamos, New Mexico 87545

t. INTRODUCTION

Analysis of the nighttime near-surface alr
temperatures in a complex basin reveals some

interesting behavior. Data collected by 27 NCAR
PAM  stations during the 1980 DOE ASCOT?
experiments (Dickerson, 1981) in the Anderson

Creek valley of northern California were used in
this study. The PAM stations collected wind
speed, wind direction, pressure, temperature, and
humidity data at l-minute 1intervals from sites
throughout the basin from its floor to ridgetop.
Half-hour average temperature and pressure data
were used to examine cmpirically the
time-dependent behavior of the near-surface (2 m)
temperature at each &8ite during the nighttime
perfod (1900-0500 PST). During this time period
noctural drainage winda usually exi{sted
throughout the basin.

2. EMPIRICAL ANALYSIS

Attempts  were wmade to  fit  the nighttime
temperaturs patterns to a power ecrfes (o time
uning wind  epced, wind directfon, slope  of
tervaln, and  pressure  as parametera. This
analysis. led  to the conclusfon that the station
prorsure was the only significant parameterv  for
thia da*a  sot. Stnee  the pressure at a piven
afte varien only slightly durtng the night, {t {n
really reflecting the effect of the statfon’n
altftudn. The fact that  the other parametern
contribute only marpginally to tmprovements {n «he
calculated temperature aprees with the findings

of  Mcetutchan (1979). Further annlysia of the
power  nerfew nhowed that t he chanpe fn
temperature with  time  at  all  &tatioan  could

treasonahly b described hy the wlmple
relatfonship

To= T exp | AP PR )
where T {n the avevapge temperature  at o the

5
At atfon f‘rnm 1900 to U500 PST, P {a the half hour
mean preasure,  and ot tr the ttne meanured (n
houra from midotpght with tfmer before mtdntyght
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being negative. The time ar the end of each
half-hour averaging period is taken as the time
for that measurement. A and P* are fitting
parameters and vary from night to night. Table I
gives the values of these parameters for each
experimental night. The temperature at any given
station and time dcpends on the local pressure,
which is a measure of the effective elevation of
that statfon.

TABLE I

EMPIRICALLY DERIVED VALUES OF THE PARAMETERS A AND

IN EQ. (1) FOR FACH EXPERIMENTAL NIGHT

FExperimental Date A -1 p*
Night __ (Sept.). (mb W)"" _(mb)

1 11-12 0.0661 908

2 15-16 0.0478 912

3 18-19 0.0534 91

4 19-20 0.0492 895

5 24-25 0.0387 905
accordinyg  to Fq. (1), which {8 a good
approximation to the experimental data, the
averaye temperature, T , for the period

1900 to 0500 PST must occur at midnfght (¢ = 0)
at  each atatfon each night. Algo from (1) the
t{me rate of change of temperature at  a  atation
fn piven by

AT/dt = -A(P-pP*)T (2)

From Eq. (2) {t ean be neen that when | D> Py
AT/t < 0, and the cooling rate 18 groea’er at
lower elevatfiona. When P CPA the temperature
tnereanen throughout the night,  Since, an atated

before, the presnure varlattonn durfog the night

at  a  wingle sitation are anall, thia really
fuptien  that  theve tn a criticnal elovatfon each
night above whfch the near surface temperatures

fncteane with ttme and helow which they decreane,
V. SOME TYPTCAL DATA
Four PAM

1 ine

were

atationn ponttioned approximately
from the hantn outflow o the
chonen to {liuntrate the hehavior
fn'teated by kg (?). Flgure 1 ahowa  the
tovat ton ol each of  thene atatlonn  on g

nlong a
tlagetop

penetalfred cronn nection of the hadn, awming
from the ridpe to the atea of outflow, Thene
wtattone repreacnt conditions on a ridge  (PAM

MY on a atde wlope (PAM 14), tu the Vower pavt
of the hanin (FAM 70), and fn the outflow of  the
Banto (FAH M)

VNCAR miatton tdentifteation
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Figures 2a-e show the nightt{me temperature
trends at each of the four atations for the ftve
experimental nights of the 1980 ASCO7 study. All
nights had similiar synoptic conditfons with the
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exception of the night of September 18-19 on
whicy strong synoptic winds existed near the
ground and drainagz winds were weak. The ridge
stat fon pressure was below or aear the critical
pressure P given in Table I on all five nights,
while the other stations were &ll abhove P .

In all cases the ridge temperature either
{ncreased slightly or remained relatively
const:at for most of the night. Some cooling
trends were observed 1in the early morning, but
never did the morning temp2cature on the ridge
fall below the value it started with the previous
evening. The slope sta:ion shows a gradual
cooling throughout the night with a couple of
early morning warming eventas. However, the
morning temperature on the slope wat always lower
than the previous evening. The hasin atattion
cools more rapldly than the slope and the outflow
station even more 80. The night of September
11-12 (Fig. 2a) hest {llustrates these phenomvna.
A smaller separation in temperatures is
observered on the nignt of September 18-19
(Fig. 2¢), but the genera. trends can sfill be
seen {in the data. With the exceptior of the
third unight, the early morning temverature
difierences hetween the outflow, basin, and slope
stations averaged 4 CO, The slope and ridge
stations had near:y  equal early morning
tempevaturen (0.5 to 2 CO difference). ‘The ridge
wiah  cooler than the wlope on three out of the
fi o nightas. The early morning temperature
difference between the ridze and the basin ranged
from 6 to 10 C”, except on night three when 1t
was only 2.4 9,

b SUMMARY AND CONCLUSTONS

An empirical  analysia of data from 27
aurface meteorolopleal  atatfonn in a conplex
banin  dndfeates  that the near surface nighttime
temperature patterns can be approxfmated by  Fq.
(1). A ecrftieal  predsure  ov slevation ex{ists
cach night . Statfone above thin elevation  show
an tnereane  {n temperature during the night,
while those below 1t show A decreane. Coolfayg
rater dnecrvenne  with decrveaning elevatfon fu the
fanin. A ponuthle explaaation of  thia behavior
b that we are obactving the comblined effectn of
local tadintive coolfng and advective warming dae
to entrdnment  of external alv, At slten above
the crttteal elevation the advecodve effectn are
domtnant  and below (0 aadla fve effecta begin to
have the atronget fulluence. The Tower a nite tn
i the bantn, the Yenn taf uence advectfon "ang
caonnsquent ly the obnertved  cooling rnten noe

preater .
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