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provides new favorable environments for initiating deep convection. A
"four-cell" vertical circulation pattern is formed as a result of the
upper tropospheric divergence, mid-tropospheric convergence and the
surface divergence due to the downdraft cooling. Finally, Stage 3
(decaying stage) is associated with only mesoscale weaker upward and
downward motions without new deep cumulus convective developments.

The model does not simulate properly the effect of Lake Okeechobee
due to the use of 22 km as the horizontal grid spacing. On the other

hand, the Florida deep convective-environmental interrelationship
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as suggested by them, is due primarily to the effect associated with
downdraft outflow (or, the surface micro-cold front produced by the
thunderstorm downdraft).

An important advantage provided by the summer Florida peninsula
for investigating convective-environmental interaction is that there is
a typically well established mesoscale sea breeze circulation during
the undisturbed days. Numerous studies have indicated that the Florida
deep convective activities are significantly modulated by the
diurnally-varying sea breeze circulation (Pielke, 1974; Atkinson, 1980;

among others). For example, Frank, Moore and Fisher (1967) chawed that



mechanisms, through which Florida convection initiates, enhances and
maintains itself, have been revealed/confirmed by these studies. For
example, Simpson et al. (1980) stated that one of the most important
mechanisms for Florida deep convection to grow is through the surface
Convergence associated with storm-generated outflow at surface. The
new cell growth induced by such surface convergence (or, the "bridging"
between two old cells due to the outflow) was regarded by them as storm
merging. This merging process has been considered as the fundamental
mechanism that the Florida mesoscale convective systems (or clusters)
can be formed. Ulanski and Garstang (1978) observed that a mesoscale

surface convergence typically precedes a storm development (by an
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appear to be closely related to both the sea breeze circulation and the
convective-generated downdraft. The majority of the organized convec-
tion is found to be produced by the merging process, which is associ-
ated with the diurnally-varying sea breeze convergence zone and the

locally enhanced downdraft effect on surface.

1-2. Motivation of the Study

Although the aforementioned investigations on Florida convection

have revealed some of the most imbortant mechanieme ranrarnino tha Aaan
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least cover spatial scales of about 300 km x 300 km and time scale
about 10 hours. Such domain sizes are currently impossible to be
considered for the explicit convective simulations (such as that
performed by Tripoli and Cotton, 1980).

To circumvent the difficulty associated with computational
resource limitations, it is felt in this study that a cumulus param-

eterization approach must be utilized. That is, it is felt that the




(3) How does the sea breeze-convective intarralatinnahia_d-. . .2




information: available observation (such as that documented in Pielke

and Cotton, 1977); previous parameterization logic (such as that docu-

mented in Fritsch and Chappell, 1980, and Frank and Cohen, 1984); and

some diagnostic information from a clond-scale awnlimis afmet-os .




Chapter 2

MODEL EQUATIONS

In this chapter, the prognostic mesoscale model (into which the
deep convective effects will be incorporated) will be briefly

described. The computations of the model contains two main parts,
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"parameterization" to simulate the effects. Using 22 km, the relative
contribution from subgrid-scale processes can be more realistically
isolated from the total quantities, as compared with using 11 km. In
the following, the governing equations will be illustrated:

2-1-a. Governing Equations

e Horizontal momentum equations

u _ _ du __du __ du “fV -fy -p O 4 m du
Se = Mg Y 3y ¥ 5z + fv ng fw -6 3% (Kz 5%
+ %El + g4 (1)
Ccu
ov _ _ dv __2v v _ .g 91 m Jv
5t - u 3% v 5; 5z fu +fU 6 &= ay (KZ az)
+ %% + 1 (2)
Cu

where

n.v.w + velaritvy ramnanante in v v 2 Advantiane
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66 . .
5ticu : deep convective feedbacks.

H : the horizontal filter effect

Moisture Conservation Equation

99 _ ., 3,3 _ 3 .3 ,.q3q 8q
5t “axvay"’az*az(xzaz)*atc

U

+ K

(4)
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Therefore, vertical velocity at each level is calculated as:

A

o.._ P: ro. .
wo=—dtly oy led (V) - a, (6b)
J poj J poj
where " is the index of the model vertical levels. Other

parameters and variables defined as:

Az, =z, - 2

I N 3
Poj = !e(poj + poj_l);
% -1
Poo T R 1 .
P, is diagnosed from: P = | ( T ) ‘5 (6¢c)
P . o
POo : reference pressure
no,eo : the environmental scaled-pressure (to be
defined below) and potential temperature,
m = no(z), 60 = Bo(z).
R : gas constant for dry air
c : specific heat a constant pressure

P

Varticral svalomds 2. 2.1 s __aa




14

) Diagnostic Hydrostatic Pressure Equation
T -1 g
n =n - AS (8a)
top top top
i*l
T[J. = ltj+1 +g - fJ e dz (8b)
where Mo ’eto : scaled-pressure (defined below) and potential
P P temperature at the top (i.e., the material
surface)
T,t-1 : index of model time step
g : acceleration of gravity
- P__ | R/C (9
m=C =)
00
P : pressure

2-1-b. Dry PBL Diabatic Processes

The dry surface layer fluxes of heat, moisture and momentum are
based on the work of Businger (1973), while the dry turbulent mixing in
the remainder of the planetary boundary layer was parameterized for an
unstable surface layer using an exchange coefficient formulation as
described by O'Brien (1970). The depth of the dry planetary boundary
layer for this case of upward heat flux is predicted utilizing a formu-

lation introduced by Deardorff (1974). When deep convection is pro-

du_ced. thL PBL hP'i oht ralenlatrad fram thie favmirlatinn {a madiei.a
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. Turbulence term = Term (d)

This term is explicitly written as: U ng(KmZQ%%

d m dv
TPV 3z (Kz 5z )
It represents the friction effect upon the model kinetic energy. Since

the eddy exchange coefficients of momentum essentially become negli-

gibje above PBL. in tha shcanca nf daon spmnlue  cansantdan el
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1
+ fxTy— fxfyfz (CON) dXdde

t e [ [ _p k5 gxdv (11)
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30 min to 1 hour (that is, convection must be such that it
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The task of a convective parameterization can be separated into
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(note, the interactjon is "two-wav"._ rhat — s cwews A0 mie__ebo_
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numerical techniques (such as model resolution, etc.). Cumulonimbus

P P 1 LY o . - =
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stabilizes the convection itself, while simultaneously producing
enhanced convection (or convergence) in the surrounding immediate
environment. The decaying stage (or Stage 3) refers to the rest of the

convective lifetime excluding the above two stages. This _stage mav :

- _, S
4
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when the downdraft enters into the subcloud layer the subsequent con-
vection is "stronger'" than the initial convection by a "ratio" formu-
lated in Fig. 3-2. Conceptually, such an assumption is consistent with
the fact of considering the "three-dimensional” mass convergence in the
subcloud layer (Frank, 1982; personal communication). That is, convec-
tion is developed due to both the grid-scale horizontal convergence and
the vertical mass influx due to the downdrafts. Therefore, the current
scheme calculates the enhanced convective effect for the mature stage

by computing the ratio using the updated grid-scale mass flux at cloud

hocaapd vbo oodoend Aot oo 0 s e-ee—
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indicates conservation of both the moist static energy and water

substance.

After the cumulus parameterization is performed, an adjustment to
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of both moist static energy and water substance in the parameteriza-
tion, the heating/moistening are listed separately for the cases

without (Table 3-2) and with (Table 3-3) the adjustment.

Camnavina Tahla 2.9 anAd Tall A a_n ——— - o RS K PO - P R
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Other parameterization quantities not discussed in this section are
found to be relatively insensitive to the chosen parameter.

3-4-a. Sensitivity to the Non-hydrostatic Parameter in the Vertical
Equation of Motion

The B parameter in the vertical velocity equation is, as indicated
in Kreitzberg and Perkey (1976), associated with the compensating
effect of neglecting the nonhydrostatic pressure perturbation in the

buoyancy equation. It is realized that there are other important terms

A b - b B L 1 — 7 _ | I— s __ =
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Table 3-6.

FRACI Cloud depth (km) Max. heating (°C)
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It is seen that, as expected, both updraft and downdraft
intensities are rather significantly dependent upon the entrainment

rate. Accordingly, cloud depth varies with the entrainment rate. The

Y T R | 2. -2 “« .. .
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3-4-g. Sensitivity to Downdraft Relative Humidity

In this sensitivity experiment, for a downdraft relative

humidity (RHD) < 50 percent, there is not enough cooling to sustain the

.. .1 ~ . - - - - - - - _
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land/sea difference of CAPE is established during the morning hours af
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layer thickness is changed. As detailed in Appendix A, the dry
boundary layer height is calculated using the formulation of Deardorff
(1974). When deep convection is produced, the grid-environmental
subsidence motion lowers the boundary layer height while the surface
cooling reduces the surface upward heat flux. The combination of these
two processes forms the modification upon Deardorff's PBL height
equation due to convection. Figure 3-4 shows the surface temperature

and PBL height for a dry sea breeze simulation and a moist sea breeze

. -
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convection is regularly modulated by the lower tropospheric sea breeze







Accordine to this analveie o ean that £
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Table 3-12

, 6K watt
Z (cm) Ratio 3t cu ( mz /km)
2072839.0 0.00 0.0
2001421.0 0.00 0.0
1930003.1 0.00 0.0
1858585.1 0.05 0.0
1787167.1 0.08 0.0
1715749.2 0.08 0.0
1644331.2 0.07 0.0
1572913.2 0.07 0.0
1501495.3 0.07 0.565E~11
1430077.3 0.06 0.197E-01
1358659.3 0.13 0.105E+00
1287241.4 0.20 0.237E+00
1215823.4 0.24 0.376E+00
1144405.4 0.25 0.488E+00
10792007 & N Aan P
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Chapter 4
SEA BREEZE - DEEP CUMULUS CONVECTIVE INTERACTIONS

4-1. Introduction

During the last decade there has been considerable interest in
understanding mesoscale weather systems and their interactions with
both large-scale circulations and cumulus convection. An ideal location
for examining these interactions is the south Florida peninsula where
mesoscale sea breeze circulations on both coasts regularly initiate
deep convection on synoptically undisturbed days.

A considerable amount of observational study has been devoted to
the south Florida mesoscale region bounded by the east and west coasts
and Lake Okeechobee. Frank, Moore, and Fisher (1967), for example,
have summarized radar analyses on the peninsula-scale convective pat-

terns for a diurnal period, as well as related shower activity to the

regular disnlacement of tha coa hroa7a  ranvavrmanra ~ana ThaA
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The relationship between convective rainfall and peninsula-scale
forcing has also been investigated by Burpee (1979) and Burpee and
Lahiff (1984), in which it was concluded that the mid-tropospheric
moistening (due to pre-existing convection) is important for generating
convective rainfall during the afternoon period. A thorough statisti-
cal analysis of Florida's convective activities performed by Lopez
et al. (1984a,b) confirmed that the majority of Florida's mesoscale
convective systems are mergers of smaller systems, being comsistent
with the earlier finding of the "tendency to form clusters" (Byers and
Braham, 1949) and the merging hypothesis of Simpson et al., (1980).

However, due to the difficulties of performing a peninsula-scale
observational program, investigations of the convective feedback
effects upon the mesoscale sea breeze circulation and on the
peninsula-scale environment have been very limited. From the point of
view of understanding Florida's sea breeze-convective interactions, it
is unfortunate . that there have been essentially no

mesoscale/peninsula-scale observations which alsg  inclunde




(2)
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convective-environmental interaction should provide some
insight concerning deep convective/large-scale interrelation-
ships in other places.

One of the reasons that the summer Florida environment

provides an excellent natural laboratory for investigating

dnin OANnYTant deve —ament s ccan o -2
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sounding of this day at Miami and the 0700 EST synoptic
surface analysis was used for initiating the simulation
(shown in Fig. 4-2-1a and b).

Model results chosen for the validation in this section include

ygrfirg_'l walncitioe noare
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Figure 4-2-1(a). The early morning (07 EST) Miami sounding of July 17,
1973, which is used for initiating the moist sea
breeze simulation (or the control run). The surface

wind is seen in E&gL_Q:Z:I(h;i:_ _
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Figure 4-2-2.

The model produced horizontal maps of vertical velocity
(cm/s) near 10 km (top) and 1 km (middle); and the model
rainfall rate (mm/10 hour) (bottom), at 1 PM. The
symbol "H" indicate unward motions. whilse "T.! indirata
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that the diurnal March of the MDR VIP region starts from the southeast

corner and the southern tip of the peninsula. Figure 4-2-4(b) and (c)

£ e e 1 v e aes o a
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4-2-(b) Results at 2 PM

Figure 4-2-6 shows two peak areas of model rainfall are produced
at 2 PM: one along the west coast to the north of the lake, and the
other along the southwest coast. The rain area covers a large fraction
over the western part of southern Florida.

Figure 4-2-7 (reproduced from McQueen and Pielke, 1985) shows the

rAMNAC S bA mnbe 1T 2 . ~




Figure 4-2-6.

The model produced horizontal maps of vertical velocity
(cm/s) near 10 km (top) and 1 km (middle); and the model
rainfall rate (mm/10 hour) (bottom), at 2 PM. The symbol
"H" indicate upward motions, while "L" indicate downward
motions. The contour interval for the veloities is 3
cm/s, and for the rainfall rates 2.2 mm/hour.
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lake generally occurs within the region of model predicted cumulonimbus

convection. The aoreement with #ha madac —_ww .. . > e o




Figure 4-2-9. The model produced horizontal maps of vertlcal veloc1ty
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(3 PM)

Model Result
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Figure 4-2-11. The model produced horizontal maps of vertical velocity
(cm/s) near 10 km (top and 1 km (middle); and the model
rainfall rate (mm/10 hour) (bottom), at 4 PM. The sym=-
bol "H" indicate upward motions, while "L" indicate
downward motions. The contour interval for the veloci-
ties is 3 cm/s, and for the rainfall rates 2.2 mm/hour.
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' | Model Result
(4 PM)
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Fig. 4-2-10) that the southern part of the peninsula became essentially
free of convection. The original tendency for elongated convective
zones have become replaced by locally enhanced convective systems by

4 PM. This indicates the mature convective development is no longer

irhim Mloe . ¢ ¢ 3 .

——————
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Figure 4-2-14.

The model produced horizontal maps of vertical velocity
(cm/s) near 10 km (top) and 1 km (middle); and the
model raifall rate (mm/10 hour) (bottom), at 5 PM. The
symbol "H" indicate upward motions, while "L" indicate
downward motions. The contour interval for the veloci~-
ties is 3 cm/s, and for the rainfall rates 2.2 mm/hour.
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Horizontal Divergence (107%s™!)at 9m. (I PM)

e 820 8 IO ﬂ‘\ﬂ

e




86

is producing a dramatically different surface divergence pattern. The
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Horizontal Divergence (I0"%™) at 9m.(2 PM)
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et al., 1980). The enlarged surface cooling is clearly seen in
Fig. 4-3-4 (top). This cooling generates horizontal flows at 9 m
(Fig. 4-3-4, bottom).
By 3 PM, Fig. 4-3-5 shows that due to the downdraft cooling, a
continuous zone with deep cumulus convection (indicated by the surface
divergence) is formed. Comparing Fig. 4-3-5 (top) with Fig. 4-3-1
(fan) 10 aca thot sba —_— —_———




90

28°

(a) total-dry

26°- (2pPM)
Potential
Temperature
25¢- (°K)
at 9m.
280
27°-
Horizontal
(b)U-velocity
26°1 (m/s)
at Om.

25°-

Figure 4-3-4. The "total-dry" quantities at 9 m at 2 PM, including (a)
potential temperature (note magnitudes are scaled by
100) and (b) horizontal u-velocity (m/s).
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(1) The deep convective area (Fig. 4-3-5, bottom) matches well
with the original sea breeze convergence zone (Fig. 4-3-1,
top), suggesting clearly that the sea breeze provides the
necessary favorable preconditioned environment for deep
convection to grow (Pielke, 1978; Lopze et al., 1984a,b).

(2) The peninsular or mesoscale surface divergence pattern can be

rather SIgnifigi&ntvmiiwh% ‘]nm'l Avann Ave o A
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Figure 4-4-1.

E

The "total-dry" potential temperature (°K, top) and

horizontal divergence (10-4 s-l, bottom) at 3 PM, on the
XZ-cross section crossing the southern half of Lake
Okeechobee. The two coasts are indicated as in Fig.
4-3-9,
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Due to the heating pattern shown above, a '"four-cell" vertical
solenoidal circulation pattern is evident in the horizontal u-velocity

field (Fig. 4-4-2(a)) and the Y-directinn wnrticite £iald (0.
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The mesoscale model used in the current study does not include
latent heat release on the resolvable-scale field (i.e., all moist
processes are produced in the convective parameterization). Therefore,

this model does not generate the mesoscale updraft/downdraft introduced

in Learv and Hounze (1970) amana athawe T Amdbn A€ el2.  Laeeo_
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maximum in the upper troposphere with weaker easterly winds in the
mid-and lower-troposphere. This wind structure is different from that
in Ogura and Liou (1980) in which a westerly jet dominated the upper
troposphere. In their study, it was stated that around the
mid-troposphere (during the lifetime from mature stage to decaying

stage), the westerly background momentum opposes the easterly momentum

ahtrh 35 nomwiad semeemond o st T __. * e mm -—-
: S ——————————————————————————————————
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upper-troposphere, and because no- explicit latent heating
processes were represented on the grid-scale, the "total-dry"
quantities should indicate the mesoscale responses due to pure
cumulus convective forcing.  Therefore, the mid-tropospheric
convergence obtained in the current study, and the associated
mesoscale upward and downward motions, are initiated and enhanced
solely due to the comvective heating in the upper troposphere and
the convective-scale downdraft cooling in the lower troposphere.
In their observational analysis of the Winter MONEX, Johnson and
Kriete (1982) indicated that the convective-scale processes
(melting and evaporation at low levels and condensation and
freezing at upper levels) seemed to be able to drive a
larger-than-cloud-scale circulation (mid-tropospheric convergence

forced by vertically-divergence air streams) which, in turn, feeds
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Figure 4-4-8 and Fig. 4-4-9, respectively, show the horizontal
maps of the upper tropospheric (near 12 km) horizontal divergence and
(the vertical component of) vorticity, for the time period of 11
AM-4 PM. The vorticity is associated with the atmospheric adjustment
processes (toward geostrophic balance) due to the horizontal conver-
gent/divergent motions. Comparing Fig. 4-4-8(a) through (f) with
Fig. 4-4-9(a) through (f), we see that positive vorticity (i.e.,
cyclonic rotation) is related to the convergent flow field and negative
vorticity to the divergent flow field.

Summarizing various observational and numerical investigations of
convective downdraft effects, we see that convective downdrafts typi-
cally have two distinct feedback effects upon the convective system
from which the downdraft is initiated. The first is that surface
stabilization by downdrafts such that convective development becomes
weakened within the original convective area (Molinari and Corsetti,
1984). The second effect is that downdrafts are able to enhance subse-
quent convection through the surface outflow feedback mechanism (the
"displacement instability" as described in Raymond, 1986).

Molinari and Coresetti (1984), using a modified Kuo-type cumulus
Parameterization, indicated that without convective downdrafts the
simulated rainfall significantly exceeded the observed amounts. Without
the downdraft stabilization, in their model, there is an unrealistic
positive feedback between convective-generated upper-level warming and
lower-level convergence, which lead to overestimations of rainfall
generation, as compared to observations.

Among the several existing convective parameterizations used for
simulating mesoscale convective weather systems, Raymond (1986) intro-

duced one which pays particular attention to the downdraft displacement
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By adding the downdraft effect into his simulation. Ravmand
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Before 2:15, no cloud developed in this grid. Therefore, as seen
in Fig. 4-4-10, curve (1) indicates there is weak downward motion
throughout the mid and upper troposphere (presumably due to the
compensating downward motion caused by neighboring convection) and weak
upward motion in the lower troposphere due to sea breeze convergence.
The first cloud is initiated at 2:15, which produces the convective
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Chapter 5

PHYSICAL SENSITIVITY EXPERIMENTS

5-1. Introduction

It was discussed in the last chapter that Florida's summertime
deep cumulus convection is closely related to both the sea breeze
circulation and mesoscale circulation caused in response to cooling of
boundary layer air by deep cumulus-generated downdrafts. Boundary
layer cooling produced by the downdrafts plays a major role in focusing
subsequent deep convective development.

It is instructive to see how this mesoscale-convective

interrelationship depends on various physical forcing mechanisms. In




119

velocity field at 3 PM and 4 PM, and horizontal maps of the vertical
velocities at 10 km and 1 km (for 4 PM only). Attention is paid

primarily to the results which differ significantly from the control

runs.

5-2. Weak Southeasterly Experiment

In terms of the initial surface wind, this experiment resembles
the light and variable category included in McQueen and Pielke (1985),
since both have weak wind near the surface in the early morning. This
experiment, however, is initiated with the thermodynamic stratification
of the control run, which has an initial environment that is moister
than that associated with the light and variable category discussed in
McQueen and Pielke (1985). Nevertheless, it is seen that the model has

simulated deep convective developments at 4 PM (Fig. 5-1) around the
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Due to the initial drier environment, the deep cumulus convective
development is slower than the control run's during the earlier after-
noon. However, during the late afternoon, convective downdraft cooling
is generated which appears to be as strong, or in some occasions even
stronger than, those of the control run. This implies that the drier
environment is contributing, among other factors, to the generation of

the strong downdrafts (Knupp, 1985). Therefore, we see from Fig. 5-6

that the mavimium wmesavwd walnnition ae L.at A »u P —
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is a proper choice as the time separating the two stages: a sea breeze
convergence stage; and a convective downdraft cooling stage.

As discussed previously throughout this study, during the mature
slage of the convective lifetime the downdraft cooling effect is seen
to provide a positive feedback mechanism which enhances the subsequent
convection by generating low-level upwind-side upward motion; meanwhile
the downdraft tends to stabilize the original convective area by
replacing the original boundary layer air with colder air. As dis-
cussed in section 4-4, the mid-tropospheric convergence is related to
the mesoscale upward and downward motion during the late afternoon.

The downward motion acts to decrease the low-level moisture supnlv from
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After a brief discussion of each stage, conceptual models will be used

for each of the three stages. which are deriwad feam $ha coeeoov1 oo
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and surface vorticity maximum indicate that the convergence no longer
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STAGE-2 (1400-1600EST) Part I
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percent of the corresponding dry components' values) and a
net KE sink at surface.

. The dry KEB components are negligible in the upper tropo-

sphere, while those of the moist case have relatively large
values in the layer between about 8 km and 14 km (i.e.,
upper~level wind perturbations generated in response to the
deep cumulus convection, around 12 km).

The direct contribution of deep cumulus convection upon the
grid-scale horizontal kinetic energy budget is calculated using the
procedure described in Section 3-6. The resultant vertical profile of
this term is shown in Table 3-12, which can be directly compared with

other hydrostatic KEB components. Due tn the area-weiohtad avavamine
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Comparing Fig. 6-16 (dry sea breeze run) with Fig. 6-17 (moist sea
breeze run), we see that the major difference between the dry and moist
sea breeze energetics is that the deep convective effects produce

significant horizontal pressure perturbations in the upper troposphere.

\'
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Chapter 7
SUMMARY AND CONCLUSIONS

Florida's deep cumulus convective effects upon the mesoscale sea breeze
environment are investigated using a numerical approach validated by
observations. The mesoscale hydrostatic primitive-equation model,
originally developed by Pielke (1974) for simulating the Florida dry
sea breeze circulation, is utilized together with a cumulus parameteri-

zation modified from that of Fritsch and Chappell (1980) for investi-

patino tha Rlarida ecan hwanmncdana eaecccmons? ..o .
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to synoptic categories; and surface radar rainfall hourly maps, for the

southern Florida environment on a specific day.

The simulation results are found to be able to produce in general

tha rlimatolanicralle _sheowrnd mabbmwnto. £ 3. _ - .o .
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initiated by sea breeze convergence, remains located within
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The decaying stage of the sea breeze-deep convective

interaction is associated with both relatively significant

mesoscale downward motion caused by the mid-tropospheric

- s v
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is associated with the establishment of coastal sea breeze
convergence zones and embedded deep convection which verti-
cally stretches the shallow solenoidal circulation (generated
by the dry sea breeze) to much greater depths, thereby
further enhancing the sea breeze convergence. Stage 2 (con-
vective downdraft cooling stage) follows the onset of the
relatively significant downdraft effects upon the peninsular-

scale environment. The combination of the downdraft cooling

effﬁsf-;and: the spa hreera circulasian —é‘“"i * = i
?*
S,  ———
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APPENDIX A

(A) BOUNDARY LAYER

The vertical exchange coefficients in the surface layer are given

by

m s) =

Kz(z ) = kou_’.‘_Z*/fpm(g)

Kg(z.‘v‘.) = Kg(z*) = kou7t‘.2*/¢}{(£)
6 U2

~

k g0, -

where § = z*/L,, with L, =

The expression for the nondimensional wind and potential temperature

profiles according to Businger (1973) are given below

a-1e"Y4 g,

f 1+ 4.7, £ > 0.

41 - 98)° V2 <
oy = {

b+ 4.7E, £50

k z* k z*
9 90
where 0y = i, 5% 2nd 0y = §— g%

"

The integrated version of the profiles are given by

A2 (ntalz) - v,

u, ko(u2 +v

B; = k(6 - 8(2))/(.74(1n(z/2 ) - ¥,)).

9. =k (q - 8(z))/(.74(1n z/z ) - ¥y))

with wl = { .3t

2 1n(1 + 6;1)/2] + 1a{(1 + 675721 - 2 tan”? 471 + w2 £50

£>0
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2 1n[(1 + .74 ¢}'{1)/2] £50

and ¢2 = {
-6.35 £ £E>0

The functional form of the exchange coefficient above the surface laver
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with the condition that
z, 2 0.0015 cm.

(B) SURFACE ENERGY BALANCE
The land surface temperature is computed by a Newton-Raphson
iteration solution to the heat balance equation
Re + Ry + pLugg, + pc w6, - p_c K g! -0T,=0 (2)
P s's's 0z
where

RS is the incoming solar radiation,

0 o . L. 1., LTy




hiimi As txr

at

4

vathar

than

nt +l.

176

—e e

miL .







178

length for water vapor (Arj) is computed for each layer from the

surface to the top of the model by

(P.,, = P.)
Ar. = - -——\]L_J_q_ .
J g J

The path length for COZ(ACj) is

Ac, = - 4148 siqy = D.).
¢ 239 (pJ+1 pJ)

After these increments are obtained they are summed up from the first

level to the ith level to give the total path length, given as

The emissivity for water vapor was derived from data of Kuhn (1963) and

are given in Jacobs, et al. (1974).

2 A100n k! £ St
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Using the above emissivity functions we have for the downward and

upward fluxes at a level N

top-1 o .4
X5 (1,
j=N °

4

top

Ry (M) + T, §+1) - €N, 1))

+0T (1 - &(n,top))

and

N-]. 4 4

R = 5 Z(r? 4+ f

VIE(N 3) = efn 3411
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¢ u.|. 0
. ou " ﬂlx m , dv . *ly'm
w- - = WY Ty W -— =S ww _Z_r.
dz*w i k_z*% i 9zw i k 2%
o o
L08 _  %f g Gy
we 5 = W oy we - = W7 o
i oz% 1 koz'- i 9z* ik z#

will result in a better estimate of the vertical

This technique
near the ground since the standard finite difference

advection terms
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APPENDIX B

PROCEDURES OF THE CONVECTIVE PARAMETERIZATION

The step-by-step computational procedures of evaluating the

convective updraft, downdraft, and grid-environmental effects are

?.,__‘-f1_.. L I S ] L] - At e s Y = = = - = = e
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(4)
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Check if deep convection occur (as shown in the Steps (1)-(3)
in Fig. 3-2). The parameterization proceeds only when the
conditions are satisfied.

Determine updraft massflux profile. The maximum updraft

massflux is located at the height of the maximum temperature-

excess term (far an nndiluta acnan b AL el il e N
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for the Florida summertime deep convection investigated in
this study.

(9) The freezing process of the updraft includes two parts. A
specified fraction (FRACI) of the total accumulated liquid
condensate produced below the -5°C level is assumed to
freeze, up to the -20°C level (uniformly in the vertical).
The "in situ" produced condensate above the -5°C level is
assumed to contain ice by percentages from 0 percent (at the

-5°C level) to 100 percent (at the -20°C level).

B-2, Downdraft Calculation

(1) Downdraft is initiated at the level of minimum environmental

equilibrium potential temperature (see a detailed discussion

P R 1 L — -— RS
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(5) Near the surface, the downdraft replaces the unmodified air,

thereby stabilizing the surface layer. The fractional area

[ ) PP PR ORURY S L]
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APPENDIX C

DOMAIN-INTEGRATED KINETIC ENERGY BUDGET COMPONENTS
OF THE MOIST SEA BREEZE SIMULATION

The domain-integrated kinetic energy budget components (introduced
in Chapter 2) for the moist sea breeze simulation (i.e., the control

run, as introduced in Chapter 4) are calculated and listed in

Takl~ M. Mha vl d Lo a1l eln mccamlat o *_ _-_A.A.l_z A_ ae_ __.__ .21








