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4 TEMPERATURE CHANGES DURING FORMATION AND DISSIPATION
J OF WEST COAST STRATUS *
] ‘ By Morris Notburger
i i The University of California st Los Angele
e HEL Ny
ol s i (Manuscript Received, June §, W)
} ABSTRACT
7 At three-hourly intervals during three 24 10 48 hour periads in the summer of 1943, radiosoade obeerva-
tions wers made ot the University of California at Los Angeles, to ascertain the changes in vertical tem-
: perature distribution during typical stratus situations. These observations show that the base of the syb-
. = Ssp—rr| sidence inversion characteristic of all summer soundinga in this region undergoes marked disrnal variations
TSl IIIELRERS - o + in height and temperature, Computations show that advection can account for only part of the cooling at
N IR N l ' T the inversion base during the formation of stratus over the slation, while radiational exchange tends (o ruise
. ,:‘\_.-‘ SECXE PP S == Lo/ IR RS 5 the temperatwre there, rather than 10 Jower It. Turbulence is shown to be practically negligible, snd con-
-‘.r-’ — - i : : #1 R vaction 1o play only 'a slight role. Vertical motiow is found to account lor the atherwise unexplained changes
EERRRY S I e - In3d-t 20301 in tempersture and inversion height. A possible cause of vertical motion with diurnal period is converg
Co S IRt SRS L . | in the land and sea breexe. :
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Figure 4. ()} Observations of lemperature and humidity (b) Observations of wind speed and direction.

The temperature and humidity profiles arc labelled with profile number from Fig. 3.
Tethered balloon observations .

BALTHUM observations a1 2300/19 o
BALTHUM observations al 0500/20 O
Location of cloud top — + em - —
Location of cloud base — — — —
The temperature scale refers to Profile 0; Profike 6 is displaced 2°C to the right of Profile 0.
The layer scronyms are defined in the text.

(d) Vertical Profiles



-t Lo TTmeEiRERE U =1V L alter passing over a pea rface
temperature some 2°C higher,

Winds in the cloud layer observed from the tethered balloon (Fig. 4) were Combineq
with 900m wind observations from radio-sonde stations made at 1800 0000 and 0609
in an attempt 1o construct the wind field within the cloud fayer. Wind-fiekd veclors ‘which,
were markedly ageostrophic) were used to estimate the trajectories of cloudy air down-
stream from Cardington. Points on Fig. 2 show the positions of air parcels at the
times ‘released’ from Cardington (C) at 2100, 0000 and 0300 respectivelr. The 2100 and
0000 parcets reach the clear band some four and one and a half hours respectively after leav;
Cardington, while the 0300 parcel is approaching the cloud edge three hours after Ielease,
This analysis also showed the cloud was gene

rally dispersing along the northern edpe and
forming along the southern edge of the cloudless band.
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Figure 2. Observations of screen temperature at 2100, 0000, 0300, 0600

on the night of 19/20 Novemoer
19746,
Cardington (c)
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TR et mmun, ML YY) U“.ur
i ine top ol the daytime conveclive boundary layer (Readings or g7 1973; Kaima| et-.],:?
1976; Caughey and Palmer 1979) where intense convective plumes cause Jarge d:

layer by the return flows between thermal Plumes and affect turbulence properties throug];.j

e
For n it sppears from Fige. 3, dand ¢ that the turbulence iﬁ;
driven uoyancy fluctuati £ the top of the cloug layer. Blobs of relatively cold air s
may se of the EIL possibly dragging down filaments of warmer ajr, v
Deformation fields associated with these developing Circulations may induce Kelvig. -
Helmholtz instabilitjes itt the EIL which further assist entrainment, In the upper (mdiativciy' -
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Figure 6. Time histories of verticat velocity, temperature and heat flux iaken near the 1op of the cloud layer
{&'/d around 0-95),
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Figure i.  Acounic ounder record for the period :ul-nllc-n_on the night of 19 November 1976 51 yhe
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#lso have inhibited desper convection (Fig. 3). Very small putts of cumulus condensatan

C.E COULMAN

Figure 3. Details of the vertical velocity and
when this was relatively non-turbulent. The fe

temperature messurements taken durin

were occasionslly seen with bases at about 0.8 km height, FIELD STUDY OF NOCTURNAL STRATOCUMULUS: It 129
V. — DYNAMICAL STRUCTURE IN CLOuUD, Tl 0MT; i
Although turbulant tranefer is sssumed 1o occur in stratiform cloud 1o partially _— » #L100 » » HERD o " i »
" balance the effects of radiant heating and cooling (see .g. Poltﬁdgc.. 197'4‘0). there :ru ro —T v . .
Previous observations which indicate the nature of this turbulent motion, Records tal sn n
cloud during this expedition suggest the possibility of some convective organization i) [VANAREDEFTHEIL) BASEOF 811 m
which exhibits a correfation batwean vertical mation and temperature fluctuations. — | — — | —
Wa therefore analysa the tempersture and vertical velocity signals by & conditional H
sampling procedura which estimatas separately the propertiss of fluid generally warmar " i .
than its sutroundings and the properties of fluid genarally cocler {Couiman, 1978b), In
Figure 4 the normalized, conditionally expected vertica) velocity w”, defined ae .
< 4 ¥
2
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FIG. 4. — Data from four runs in cloud on 17 February show g linear trand of normalized verticsl ‘velociy HEIGHT [my
. Puctustion w'" with temperaturs fluctuation T+ for buth positve and negative valuss of thess varisblea.

§ & traverse of the EIL

region where the Richardson

number may have

cloud radiative layer; S|

ature *A’ is thought due to Ketvin-Helmholtz breakdown in ]

been reduced to around 1 by wind shear. CRL denoles the
IL the subsidence inversion layer,

4. STructume OF THE ENTRAINMENT INTERFACIAL LAYER

. Examples of the detailed structure of the EIL observed on two teansits are shown in
Figs. 3 and 4, and Table 1 gives a sum

The location of th

depth of the layer, 4h, cont

boundaries of

mary of the main characteristics of 10 transits,
the EIL were not slways clear cut. In Table 1 the

aining most (4K} of the tempcerature jump has been taken as one

measure of its thickness, This procedure was chosen because the shape of the temperature

NE estimated to be less than 20%. The height difference between inversion base and cloud
P (A; ~ h,in Table 1) suggests that these were coincident within the error of measurement,
_The upper boundary of the EIL may also be defined by the extent to which turbulent
Vertical velocity fluctuations extend above the sharply defined inversion base. This is

illustrated in Figs. 3 and 4 by two transits (3 and 8§ respectively in Table 1) of contrasting
& character. The unper boundarv of the F11. thus defined
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As Figure 3 for an occasion when the EIL was much deeper and fully lurbulent. The featurs 'p* [
considered 10 be & volume of air in the process of entrainment.

in the very stable surface Jayer (Caughey and Readings 1975) and above the daytime
convective boundary layer (Palmer s of. 1979). Figure 3 shows an EIL which may be in an
carly stage of breakdown into turbulence. A contrasting situation is illustrated in Fi. 4,
where the layer is much deeper and turbulent velocity and temperature fluctuations fill the
EIL. 1t may illustrate an occasion of complete turbulent breakdown of the layer. Woods
(1969) has shown that the thickness of a thermally stable layer increases about fous-fold as a
result of turbulent breakdown, as is observed here. The clearer definition of the upper limit

of the

EIL in Fig. 4 may be due to turbulent erosion in this region. That the situation

Corresponds to active entrainment is supported by the feature labelled ‘B’ which appears 1o

a filament of warm air detaching from the EJL and mixing into the upper part of the
cloud layer. Similar features were observed at the base of the EIL in other transits and
Provide the only direct evidence available for the scale of the entrainment process. As the
loca! wind speed was much greater than the speed of ascent/descent of the balloon the scale

The
of Kelvi

of the entrained parcels appears to be about 10m, Such amali scale features would soon be
«nixed by the turbulence in the cloud top,

possibility that breakdown of the thermally stable EIL resulis from the development
n-Helmholtz instabiji i

ty has to be considered, Figure $ shows the profiles of wind

Speeds averaged over 30s (about 10m) €orresponding 1o transits 4 and 6 which were
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Figure |, Time series of the integrated liquid water paths derived from th,

'!le three case studies, The points are one minte averages. The numbered lines aB8Y P

times of the bailoon profiles through cloud. The lines below the points indicate an adveciion distance of
10km., calculated using the mean observed wind in the cloud layer at that time,

SOr_nc!e and radiometer data, Al three traces show high frequency variability due to irregu-
arities on a spatial scale of about | km, superimposed on longer period drifts which pre-




e by PR MU AL AYCLuylag tho H4UIC water patns aLrng these Peuods

82z the values which were used to scale the ASSP data.
The balloon observations for each of the three case studies will now be presented ang

discussed in section 5, '

@) 19-20 Novemper 1976 .

This case study is discussed in detail in Paper I, where the profiles of temperature apg

humidity mixing ratio are presented, Table 2 compares the liquid water Paths measured by A FIELD STUDY OF NOCTURNAL S'I"RATOCUMULUS: m 153
the microwave radiometer with the values obtained by verticai integration of the ASSp

liquid water conten; profiles and the theoretical values derived by Assuming adiabatic ascent

from cloud base 1o top. The liquid water path from the microwave radiometer ison Bverage

. Wbout 0-7 times the value for adiabatic ascent. The two ASSP liquid water content estimegeg

are systematically larger thap the microwave radiometer values and differ from each other $00 -

by a factor of about 2. This indicates that the true sampling volumes are larger than e

provisiona! values calculated theoretically by Roach ( 1977) and underlines the importance of

Figure 2 illustrates the cloud microphysical data oblaine;i with the ASSP during profile
The Jiquid water contents are the inner volume estimates, scaled by a single factor 3o that 950
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Numbar density (cm-2) Radius  (7em) Liquid water content lom-1l Were obtained for the beginning of the profile when the balloon was traversing the cloud top.
. . The solid curves indicate the theoretical profifes using the Jiquid water content estimates
Figure 2. Profifes of total number density, drop-size specira and liquid water content from the Scaled ASSP ;

daix for profie L 19-20 November 1976, The drop-size Spectra are presented g Lontours of the percen . : . i iquil atler
normalized spectral density, such that 21 any height the sum of the values in each lum interval js 1007, The ¥ d by the mlcro.w ave nd.'omﬂ"' The theoretlmlil proﬁlcls fo:' mtegl_';lt‘t;d ','f :::’u:cgr.
liquid water conient profile produced by adiabatic ascent from cloud base js shown as the dashed Time, p_ -'S of half and twice the mlcr.t)}vl\.fe radiometer va 1¢ are also shown. e




sompared with aircraft observations (Stephens ef al, 1978). The computational techniques-
used by Stephens and by Roach and Slingo (1979) are very different and it is interesting to
sompare the predictions of the two schemes. Stephens ef al. (1978) noted poor agreement
between the observed and predicted values of the effective downward emissivity, due to the
lar;  tperimental errors. The effective downward emissivity may be defined as;

op) = {F(p)} = Flp)l )/ (B(p) ~ F(po)l} . . G)

The emissivity is calculated at pressure level p within the cloud, where the downward
longwave flux is F(p)| and the Planck function flux is B(p). The downward flux at the cloud
top is F{p,)|. The radiometer observations presented here are of net Aux only, so they cannot
be used to calculate the emissivity ‘directly. The values plotted on Fig. 13 were therefore

- . - v
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| . /T7=10-1977 Prokile )
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W | Woun 00w

Figure 13.  Effective downward emissivity as & function of liquid water path through cloud top, calculated by
the radiation scheme for the three profiles indicated. Stephens (1978b) parametrized form of the emissivity i
I slso shown,

calculated from the radiation scherse, using data from the three case studies. The solid
curve represents the parametrized fotm of the effective downward emissivity which Stephens
(1978b) fitted 10 the results from his sheoretical mode). This curve gives an excellent fit to the
emissivities calculated here, indicating that, despite their different structure, the two schemes
are essentially identical in their treatment of cloud liquid water. The goodness of fit and the
§ !scatier about the parametrized cutve also illustrate the well known insensitivity of the
flux profiles 1o the drop-size distribution function and the minor role played by scattering
(e.g- Paltridge and Platt 1976).

The shape of the net flux profiles and their position relative to the cloud top and
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