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* 1. INTRODUCTION

This presentation constitutes the final report to the Air Force

geophysical Laboratory, LYP under Contract No. ESD 85-609. In this report we

present a description of the three-dimensional NOAA/LAMP mesoscale prediction *. "*

model which contains explicit predictions of the evolving fields of cloud and

rain water. We show some examples of numerical simulations made using the

model, and discuss the success and limitations of the present version. We

then outline the status of other efforts designed to overcome deficiencies

in the model. The oreanization of this report will follow the task structure

contained in the original proposal .

* During the course of the work carried out in cooperation with the AFGL,

there were several concurrent developments which served to significantly .

alvance the mesoscale modeling program. The first of these events was the

completion of a thesis by D. Medal (1985), which takes standard surface and

uppe" air observations, interpolates them to a uniform grid, and then uses

those data to initialize a three-dimensional, time-dependent meso-alpha model

with a 40 kilometer mesh size covering an area 1600 kilometers on a side.

This model is then run for a period of 3 hours to provide initial conditions

for a meso-beta model with a 10 kilometer grid size covering an area 250

,kilometers ari a side. The thesis thus contains a real data initialization

procedure and a comparison of model-predicted rainfall with observed data from

a severe precipitation event in the south of France.

The main contribution of Medal's thesiA was the developrnment of a onmnletPe*! 4
set of procedures to inialize the model of Nickerson and Richard (1981) with

real data. A second and concurrent development consisted of the

implementation of a new time integration procedure, the incorporation of an

upper wave absorbing layer, and the testing of improved lateral boundary

; *- '------g
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conditions. There is now a new version of the model (Nickerson, et al., 1986)

which will replace the version of the meso-beta model used by Medal.

The nine-track magnetic tapes whose contents are described in Tables 2-4

have already been delivered to AFGL, together with a copy of Medal's thesis,

an English translation of a part of that thesis, and a listing (in Fortran) of

all the programs in Medal's code. The model was installed at the computing

center at Los Alamos National Laboratory and required little in the way of

modification to the existing code. All of the subroutines were run and the

output then compared with the calculations carried out in France. Installing

the model code at AFGL should only require a change in the I/O procedures.

2. TASK I: Real Data Initialization

A systematic investigation of a heavy rainfall event has been carried out

in order to compare model predictions with observations. A thesis Dy Medal '

(1985) contains a detailed description of a procedure which uses standard

radiosonde and surface observations to generate a balanced set of initial

conditions on a regular grid suitable for initializing the meso-alpha vesion

of the meteorological prediction model. The meso-alpha model is similar to

the meso-beta model, except that the equations are modified to include a map

factor, and the precipitation processes have been eliminated. The model has

been integrated over a 41 x 41 horizontal grid using a grid length of 40

*-ilometers. There are 15 vertical levels in both the meso-alpna and meso-teta

* versions of the model. An English translation of the introductory section is

included with Medal's thesis submitted as part of this final report.

The area under investigation is a mountainous region in the Cevennes, a

part of France's Massif Central where an extensive rain-gauge network has been

2
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installed in order to provide warnings of flash flooding. This region has

historically been subjected to heavy rainfall events with attendant loss of

life and extensive property damage. Hourly rainfall data are available to

provide not only an evaluation of the total rainfall predicted by the model, -',"

but also to provide some insight on the ability of the model to depict the

temporal evolution of the storm.

The following two paragraphs contain a translation of the conclusions

from Medal's thesis:

The rainfall episodes in the Cevennes are characterized

by a transgression of hot and humid Mediterranean air. The _

synoptic configuration and the orographic effects seem to be

the main ingredients giving rise to rainfall; this was the

case on 29 August 1976, a period we have chosen to

simulate. For this purpose, we have developed and tested

different initialization procedures for the Nickerson and

Richard model (1981). The procedure of dynamic adaptation

of the meteorological fields to the sub-synoptic scale,

followed by a spatial nesting of the mesoscale model,

produced the most encouraging results: the rainfall field

calculated in this manner displays a spatial distribution

which corresponds to the observations. As far as the

simulated quantities are concerned, they appear to be

underestimated.

Following various tests, the rainfall calculation

appeared to be particularly sensitive to the initialization A A

of the mass field, especially temperature and humidity.

3
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Perky (1979) had already stressed the influence of these two

fields on the amount of simulated rainfall. Anthes and

Haagensen (1983) have explained, during the simulation of

catastrophic rainfall in Sichuan (July 12-15, 1979) the

deficit of calculated versus observed rainfall by an

underevaluation of the initial humidity field (Nickerson et

al., 1984). Our own conclusions confirm these results on a

smaller scale '10 kin). The temperature and humidity fields

sensitive to local factors have characteristic scales which

are probably not very well represented by the mesh of the

available recording network. In order to increase the

resolution of these initial fields in the surface layer, a

possible solution consists of introducing the climatological

network data (pressure, temperature, humidity) in the

initialization procedure on numerical models. This is the ' .

subject of Appendix III which remains to be applied.

Medal's code has been installed and run on a Cray 1 at Los Alamos

National Laboratory. Table 1 contains a simplified flow chart showing the

organization of the twelve separate programs. A listing of each program,

together with a translation of the comment lines is included with this

report. The codes are written in modular form, and should be easily adapted

to any machine having a Fortran compiler. Other than minor modifications

required by a different operating system, it was not difficult to make the

codes operational on the Los Alamos computing system. Magnetic tape numbers

9245 and 9223 contain the original codes and sample output from Medal's

thesis. The third tape contains the codes modified to run at Los Alamos. The

contents of all three tapes are given in Tables 2-4.

4
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During the period 6-9 November 1982, the Cevennes was once again visited

by an exceptionally severe storm, with heavy rains accompanied by surface

- winds in excess of 50 m/sec. Captain D. V. Ridge of AFGL provided us with 3-D

Neph data for the period enabling us to construct cloud cross-sections through

the region. Figure 1.1 shows the location of the 3-D Neph gridded data (the

larger grid), and also the inset grid showing the domain covered by the meso-

beta model. The line labeled NW - SE indicates the location of the schematic

vertical cloud cross section shown in Figure 1.2. Figure 1.3 shows the

* o ;.nal working drawing, together with the hand-written data garnered from

the 3-D Neph data. Of particular interest is the vertical extent of the cloud

and the presence of rainfall upwind of the mountain barrier indicated by a

, surface present weather code of "6."

Originally it was our, intention to directly utilize the satellite data to

initialize the meso-beta moisture fields in the manner described in an earlier

* quarterly progress report. However, experience gained from Medal's thesis led

us to conclude that without a proper balance and initialization of the mass

and momentum fields, the addition of satellite data would do little to improve

the forecast. We, therefore, decided to use a radiosonde located in the

southeast of France '43.5*N, 5*E) together with cloud data constructed from 12

satellite derived cr.3s-sections similar to Figure 1.2 to initialize the meso-

a pha model.

The meso-alpia model was initialized with a single sounding corresponding

t) :200 GMT on 1' November 1982 and run for a period of 3 hours. Medal's

interpolation program was then used to construct an initial data field for the

me3o-beta model, which was subsequently run for a period of 6 hours. The

f(ollowing section describes the results of the numerical simulation.

..-................................. ........
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2.1 Model simulation of 7 November 1982

The initial soundings of temperature, vapor mixing ratio, cloud water, .

and wind are given in Table 5. In order to determine the structure of the

cloud system over the meso-beta domain, 12 vertical cross sections were

constructed using the 3-D Neph data. These showed that cloud bases were at

approximately 500 meters, and that cloud tops were generally 5000 meters,

except over the higher mountain elevations where tops were at approximately

12000 meters.

Two runs were made with the meso-alpha model (dx = 40 km). In the first

simulation the cloud water mixing ratio was set to 2.0 g/kgm ;n the height

range from 500 to 5,000 meters. However, when the surface elevation was :ore

than 1000 meters, the initial cloud extended to a height of 12,000 meters.

For heights between 5,000 and 12,000 meters, the cloud water mixing ratio was

set to 1.0 g/kgm. Whenever cloud water was initially present in the model,

the vapor mixing ratio was set to the saturated value at that temperature. A

second control run was then made in which everywhere in the model the cloud

water mixing ratio was set to zero.

A comparison of the two simulations showed that after a period of 3 nours

¢f mcdel integration, the two simulations were essentially identical. That

is, the presence of cloud water at the start of the simulation had little

inf'.uence on the final predicted values.

The model terrain used in the meso-teta calculation is shown in Figure 2,

and is the same found in the thesis by Medal. Surface elevations vary from

sea level to a height of 1,700 meters. The Rhone valley separates the

:-evennes in the northwest from the Alps in the east.

Figures 3.1 through 3.7 show the evolution of the wind field at level 13

during the course of the 6-hour simulation. One must remember that the model

6
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makes use of a terrain-following coordinate system and that this, therefore,

represents the flow on a surface which varies with altitude. Also, the

terrain used in the meso-beta simulation with 10 kilometer grid resolution is

not the same as that used in the meso-alpha simulation with a 40 kilometer '. .'h

grid resolution. It takes several hours, therefore, for the airflow to reach

a quasi-steady state adjustment to the new underlying terrain. Horizontal ,% ..

plots of wind sper:d at the same level (Figures 4.1 through 4.7) show that the

average speed clanges very slowly at the end of the 6-hour period of

intpgration. The adjustment of the horizontal wind field to a quasi-steady

state is also evident in the plots of vertical velocity at level 13 shown in

*igures X1 through 5.6.

The i-itial cloud field entirely covers the model domain. However,

Figures 6.1 through 6.7 show that the higher clouds are located over the

Cevennes and the Alps, in remarkable agreement with the conditions reported in

the 3-D Neph data. Nevertheless, during the course of the meso-beta

simulation, the vertical extent of the clouds decreases substantially.

Figures 7.1 through 7.7 show the cloud water mixing ratio at level 13.

There is a very rapid adjustment in the cloud field giving way to maximum

values of cloud water of approximately 0.3 g/kgm. It should be recalled that

the meso-alpha mondel does not contain any mechanism for a conversion of cloud

water to rain water, and that by the end of the simulation It produces large

amounts of cloud water. During the first hour of the meso-beta simulation,

rair drops formed and grew very quickly, thereby depleting the initial cloud

water. The corresponding plots of rain-water mixing ratio are shown in

Figures 8.1 through 8.6. The average grid point value decreases from .84 to

.29 g/kgm during the first hour and then decreases at a much slower rate. One

4*

79

7seilyecur~n seto thssmlto sthtcod n -*. *

.l°- .rc.. . . . . ."-.
- 

°-. -' f-.2-"- '-x ,<, .-,,. ',% -.-",-..'.... , .'.-'...,'. -. ,' ","--.- -.- --- . -.• - ... . -.- .- .... .. -...• .. .'. . - .- - ..-. . .



-10-

% %I.

precipitation are produced over the relatively flat terrain upwind of the

major terrain forcing. Previous runs with the meso-beta model using a single

sounding initialization procedure yielded only orographically forced clouds

over the elevated terrain. ,'J, *

In some locations, observed precipitation rates amounted to nearly 10

mm/hr for the 3-day storm. Maximum precipitation rates predicted by the model

were in excess of 7.5 mm/hr, although a detailed analysis of the observed

rainfall is not available for inclusion in this report. Tne 3-D Neph data

indicated a present weather code of "6" over most of the model domain, thereby

indicating the presence of rain and lending support for the general rainy -

conditions in the numerical simulation (Figures 9.1 through 9.6). *

One of the major problems experienced by AFGL users of the meso-beta

model has been the appearance of significant noise in the pressure field.

Figures 10.1 through 10.3 show t.he surface pressure during the last 3 hours of

the simulation. It is seen that they essentially mirror the terrain shown in j
Figure 2, and do not give any indication of pronounced oscillations at the

boundaries.

In order to examine the three-dimensional structure of the simulation, we

now show several vertical cross sections. Figures 11.1 through 11.7 show the

"U" component of the horizontal wind, and Figures 12.1 through 12.7 the "V"

component along a west-east cross section at a distance of 170 kilometers from

the southern boundary. These figures confirm that the winds at upper levels

also reach a quasi-steady state by the end of the period of integration. The

same also holds for the vertical velocity shown in Figures 13.1 through 13.6,

although the zero-contour line shows more variability.

The previously mentioned large initial values of cloud water coupled with

zero rain water lead to a rapid change in the cloud water mixing ratio as

2-8



shown in Figures 14.1 through 14.7. It takes approximately 1 hour for the

clouds to reach a state which subsequently changes by rather small amounts.

It should be kept in mind, however, that the smallest contour is 0.1 g/kgm, -

and that the actual cloud boundaries extend beyond that shown by the 0.1

contour.

The evolution of the rain water mixing ratio shown in Figures 15.1

through 15.6 provides further evidence of the microphysical chain of events.

Wherea3 the rain water was initially zero, at the end of 1 hour the maximum

value is in excess of 3.0 g/kgm. Here again the minimum contour value is 0.1

g/kgm, and the extent of the rain "cloud" is actually larger than that shown

ty the 0.1 contour. The persistence of the tall cloud along the eastern

boundary where the model domain extends to the Alps is probably due in part to

the constancy of the thermodynamic variables on the inflow boundary. The

relatively small values of rain-drop concentration obtained during the initial

phase of the simulation are due to the unrealistic initialization of the cloud

anl rain parameters (Figures 16.1 through 16.6). The initial cloud field

esulted in an almost explosive growth of large rain drops during the first

few minutes, followed by a change to a more normal growth regime.

Figures 17 through 19 show selected vertical cross sections after 3 hours

of rdel time for distances of 100 km, 150 km, and 200km from the southern I

boundary. Figure 17.4 is especially noteworthy in that it shows the presence

of rain at the low elevations of the Rhone Valley at this cross section 100 km

from the southern boundary.

Tnere will likely be a follow-up simulation of this storm by the modeling

group in Clermont-Ferrand, France, where they are attempting to improve the

initialization procedure for mass a:rd momentum in order to more accurately

relate the satellite-observed moisture fields and the initial model

9.................... . , -. . .
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parameters. The determination of vertical-velocity fields which are

consistent with the cloud fields, seems especially important. Any forthcoming

* ~reports on this subject by the Laboratoire Assocl4 de M~t~crologie Physique .

CLAMP) in Clermont-Ferrand will be forwarded to AFGL.

10.
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Figure 1.1

The. grid a'reai represents the region of 3-D Neph data. The inset box is
the model domiine for the meso-beta simulation, and the line -NW-SE"
shows the location of cross sections in Figures 1.2 and 1.3.
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Figure 3.2
Same as Figure 3.1 but after 1 hour.
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Same as Figure 4.1 but after 1 hour.
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Figure 5.1
Vertical velocity for level 13 after 1 hour.

29



. . ** - -- rr c w - --- -. . . . . -.

'L -32-

250

- .- % /

I --.

MIN/ 94EI1 MR =.5E0

(2))

.--.

M I N 90 ,--' XMN 36YI: ?

Figure 5"

Vr ia veoct fo lee 1 tr2 ous

120

-* ....- : E ..-.
- iT .. 940E+0 M :- . . ." ....

.................. .................... . ,-..... ...



*-r r..-,,...-

-33-

,"* i'

, -

jA, ."EC (3:0:0) ___:'

250 1) "'

200

50-

50

C15 100 150 00 250
H-E (KM)

MIN "- 929E+-00 MRX - -569E--00 -- :

MAX= S68847 XMAX=- 140 YMAX= 140
MN-NE 929497 XMIN:= 29o MI= -. 0 EI
AVERAGE VALUE= .010686815088

Figure 5.3
Vertical velocity for level 13 after 3 hours.
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Vertical velocity for level 13 after 4 hours.
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Vertical velocity for level 13 after 5 hours.

33

........................_- .. *-_....._ ..... .. .. .. ..

.. . . . . . . . . . .. . . . . . . . . ... .. . .I .. . . .

I ,,.. .. .. .. .. . .. .. .. .* .. .-.. .



-36-

50.-

'."

. ... . ;'. -'

250 [0 t oo 11. 2_0 0 25

,- . ' J, '/ " """

M I 1. ....... .-- -..-

r4. ... ( 14 ... ...... "

M N/ 9715 3 XM 1. N 10Y 4IN9

• . *. -'/ ' " Z ...L .- " '

-""'/" -"6 , p '

A R VALUE= "2,G4t"'7

0 5(3 Figu0 503 5

5VE-(G, •iLJ-- " "C:O:4--:'."-'

Vertical velocity for level 13 after 6 hours.

34

. .~ . . -.



"--.:- A

V-C.LO0LID (0: 0:)

200 )' 5"-k -:>.S " I ,.-.,. ,--.'J- .-'
--0--'--, I . . .. " " .-'i

/Li / i' ,'-

1\5

10.0 N
zio i / - ' L.i.

5 0 =4_ -C-

1- ! , - I , , , i i i, , I, , i, i , ,-----

0. 50 100 150 200 250

H-E (KM)
MIN =+.'401E+I. MRX =+.812E+01

ii -.I- ,

MAX- 8 It86 XMAX- i10 YMAX::: 120
MfN- 4 0074 XMTN: 210 MIN= 230 . 6 :*:.
AVERAGE VALUE- S. ',.74

Figure 6.1
Initial vertically Integrated cloud water
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Figure 6.2
Vertically Integrated cloud water after 1 hour.

36



-39-

.- 4' -4w

V-CLC)LE! K2 :0 :0)

250

- 0 0

50- 5 0 5 0 5

V-E (KM ,

M-IN* =+.000E4-00 MRX' =+. 139E+01 r

MA=i 3 323 XM~~ 1'0 P fMAX= i0

M1 tJ 0 XMIN4= i 10 YMIN= 240
*AVERAGE VALUE= 346a '3C16S 6 8

Figure 6.3
Vertically Integrated cloud water after 2 hours.
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Figure 6.5
Vertically Integrated cloud water after 4 hours.
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Vertically Integrated cloud water after 5 hours.
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Figure 7.1

Initial cloud water mixing ratio for level 13.
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Cloud water mixing ratio for level 13
after 1 hour.

43



* -~. -~-~ *Y-'-.~.r- 7-:~ ~ V. ~~.. 7. -7--Y

-46-

150-0

too-

O I I j I L I I I I I I I I II I I 1 I

_ to 1.0200 250~

2I OOE0 '.29E0

MAX= 1950 M.=0 X14
MIN=- XMN 21S0YMIN=-1

AVRG VAI. "767194

Fiue .

5lou w trmxn aiofrlvl1

afte 2 hours

0 50 100 50 20 24



-47-

QC M)(R (G'KG) (3: 0: 0)
250_111 ~

200 .......

'~150- l

Z140

100 - 0'

50 -

0 50 to0 150 200 250

N-E (KM)
MIN =+.00E+00 MA>( -+. 33 2E+00

MAX= .332' XMAX= s5o YMAX= 10 0
MTN- 0 XMIN= 250 YMIN= 110
AVERAGE VALUE= 076S769PIG769

Figure 7.4
Cloud water mixing ratio for level 13
after 3 hours.
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Figure 7.5
Cloud water mixing ratio for level 13
after 4 hours.
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Figure 7.7
Cloud water mixing ratio for level 13
after 6 hours.
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Figure 8.2
Rain water mixing ratio for level 13 after 2 hours.
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Rain water mixing ratio for level 13 after 4 hours.
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Figure 8.5
Rain water mixing ratio for level 13 after 5 hours.
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Figure 8.6
Rain water mixing ratio for level 13 after 6 hours.
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Figure 9.1
Forecast rainfall after 1 hour.
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Figure 9.2
Forecast rainfall after 2 hours.
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Figure 9.4
Forecast rainfall after 4 hours.
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Figure 9.5
Forecast rainfall after 5 hours.
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PRECIP (CM) (6: 0:0)
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Figure 9.6
Forecast rainfall after 6 hours.
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Figure 10.1
Surface Pressure after 4 hours.
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200

-il .,.4 ~
150/

Jir

100

(--,I I II ;

MIN -. 1E0 R -. I - E0

MA50 10034S34 MX 10 200X 25c

MIN= 816.i5877444 XMIN= 30 Y'MIN= 200
AVERAGE VALUE= 930.7i03066iS

Figure 10.3
Surface Pressure after hours.
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The distance from the southern boundary in kilometers 170
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* The distance from the southern boundary in kilometers 170A
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~. The distance from the southern boundary in kilom~eters =£00
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Figure 11.5
Same as Figure 11.1 but after 4 hours.
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The distance from the southern boundary in kilom~eters 170

U (M/SEC) (5 :0: 0)1
1 ~ I I .

-10

-10-

.. .. . .. . ...

......................... ........ .. ... .... ...
..........

.........

5 .

50 100 ..5..200.2.
.- .. KM)..

MIN -'~~~..........+ 14E-0
.......

Figure 1.6...
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The distance from the southern boundary in kilometers 170
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Figure 11.7
Same as Figure 11.1 but after 6 hours.
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Figure 12.2
*Same as Figure 12.1 but after 1 hour.
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Figure 12.3

Same as Figure 12.1 but after 2 hours. I
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Figure 12.4.
*Same as Figure 12.1 but after 3 hours.
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V (M/SEC) (4: 0:0)
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Figure 12.5
Same as Figure 12.1 but after 4 hours.
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Figure 12.6
Same as Figure 12.1 but after 5 hours.
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Figure 12.7
Same as Figure 12.1 but after 6 hours.
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10

5-/

0 50 100 150 200 250

H-E (KM)
rM'IN =-.68E+00 MAX -+.909E4-00j

Figure 13.2
Same as Figure 13.1 but after 2 hours.
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Figure 13.4
Same as Figure 13.1 but after 4 hours.
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Figure 13.6
Same as Figure 13.1 but after 6 hours.
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Figure 14.2
Same as Figure 14.1 but after 1 hour.
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Figure 14.3

Same as Figure 14.1 but after 2 hours.
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CLOUD MXR(G/'KGM) (3:0:0)
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Figure 14.4
Same as Figure 14.1 but after 3 hours.
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Figure 14.5
Same as Figure 14.1 but after 4 hours.
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2CLOUD MXR(G'KGM) (6:0:0)
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Figure 14.7
Same as Figure 14.1 but after 6 hours.
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Figure 15. 1
West-East vertical cross section of rain water mixing ratio,
110 km from southern boundary after 1 hour.
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Figure 15.t2
Same as Figure 15.t1 but after 2 hours.
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Figure 15.3
Same as Figure 15.1 but after 3 hours.
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Figure 15.4
Same as Figure 15.1 but after 4 hours.
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Figure 15.5
Same as Figure 15.1 but after S hours.
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Figure 15.6
Same as Figure 15.1 but after 6 hours.
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Figure 16.3
Same as Figure 16.1 but after 3 hours.
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Figure 16.4

Same as Figure 16.1 but after 4 hours.
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Figure 16.5
Same as Figure 16.1 but after 5 hours.
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Figure 16.6
Same as Figure 16.1 but after 6 hours.__
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Figure 17.1
West-East vertical cross section of U, 100 km from-
southern boundary after 3 hours.
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Figure 17.2
Same as Figure 17.1 but for V.
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Figure 17.3
Same as Figure 17.1 but for cloud water
mixing ratio.
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Figure 17.4
Same as Figure 17.1 but for rain water mixing ratio.
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The distance from the southern boundary in kilometers =iso
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Figure 18.1
West-East vertical cross section of U. 150 km
fromi southern boundary after 3 hours.
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Figure 18.2
Same as Figure 18.1 but for V.
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Figure 18.3
Same as Figure 18.1 but for cloud water
mixing ratio.
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Figure 18.4
Same as Figure 18.1 but for rain water
mixing ratio.
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Figure 19.2
Same as Figure 19.1 but for V.
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Figure 19.3
Same as Figure 19.1 but for cloud water
mixing ratio.
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Figure 19.4
Same as Figure 19.1 but for rain water
mixing ratio.
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Table I

Program flow Chart for the Medal Initialization Procedure

Radiosonde Stations ISurf ace Sain

HYSLL]

PREBAL2

INTME1 INTH1 NTPHI LI115N
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Table2

'Contents of Tape Number 9245

Format: 1600 bpi, ASCII, NL
RECFN=FB
RECORD LENGTH=80BL0CK SIZE-1400

File Number Program Name

1 CRAYOI -MEZMQDLS
2 CRAYOI -MEZNODMS
3 DON. AMFMEZ5
14 DOM.PRENU9
5 DOM.HYDSOL1
6 DOM.PRESOL2
7 DON. PREBAL2
8 DOM.RW.INTBAR01
9 DON. VENGEO2

10 DOM.MASCRA3
11 DON .MASmSC4
12 DOM. VENMSc14
13 DOM.VENCRA3
14 DOM.MASMSC7
15 DOM.VENMSC7
16 RWBAI
17 DON. S0L29 .V087600
18 DOM.S0L29.V087600
19 DOM.MER0129.5087600
20 DOM.EUROP1 .M1O
21 CEVEN
22 DON. 8AL29.T087600
23 DON. BAL29 .VO87600
214 DOM.RW29 .P987600
25 DON. RW29 .T0876oo
26 DON. RW29 . V87600
27 DOM.R201 29 .B087600
28 DOM.RWO1 29.C087600
29 DOM.R201 29 .R087600
30 DOM. SOLO 1 29.so8760
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Table 3

Contents of Tape Number 9223

Format: Same as tape number 92145
File Number Program Name4

1 CRAY.MZ3DLS.OUT05
2 CRAY .MZ3DMS.OUTO5

3 CRAY.AMA3DRR

Table 14

Contents of LANL Tape

File Number Program Name

HYDSOL1
2 PREBAL2
3 INTMER1
14 INTTH1
5 INTPHI1
6 INTVENI
7 VENGE02
8 PRESOL2
9 PRENIJ9

10 MEZDLS
11 AMFMEZ5
12 MEZDMS
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4 Table 5 I
Initial Large-Scale Sounding ..

Pressure mb) U(m/sec) V(m/sec) T(deg C) Qv(g/kgm)

0 12.0 4.14 -61.0 0.00
100 12..0 4.4 -61.0 0.00
200 12.0 4..4 -61.0 0.00
250 12.0 4.14 -55.7 0.01 *
300 12.0 i4.4 -45.9 0.05
400 11.0 6.14 -18.7 0.141
500 3.1 17.6 -16.9 1.50
700 2.0 22.9 -1.8 4.00
850 -18.0 18.0 5.8 6.00"7

1000 -5.5 5.4 15.2 9.80
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3. TASK II: Time Dependent Lateral Boundary Conditions

The problem of specifying lateral boundary conditions in the mesoscale

model has been examined in some detail, as part of the general upgrading of

the numerical procedures carried out under TASK III (see section 4 of this %

repc-rt). Unfortunately, however, the question of lateral boundary conditions, %

when viewed within the context of four-dimensional data assimilation, has not

been solved. The enclosed conference paper by Marroquin and Brown (1985)

clearly describes a fundamental difficulty in properly specifying

mathematically correct 'ateral boundary conditions which are not changing in

time. They conclude their paper with the following remarks.

"The gravity wave experiments reveal that there exists an

incompatioility between the absorbing layer diffusion (second-

order or Rayleigh) and the lateral radiation boundary

formulation. This incompatibility is manifested in reflection of

horizontally propagating gravity waves impinging upon the lateral

boundaries in the absorbing layer region. Other authors have

found the same difficulty (Van der ?-erg and Oerlemans, 1985). We

have found that wave reflection is substantially reduced by using

a single value of the phase velocity for the boundary

Computation. This value is the average of the phase velocities

computed from the Orlanski formulation below the absorbing

layer. Modelers should be aware of this problem that seems to be

more prominent for short gravity waves."

Nevertheless, the real-data initialization procedure reported on under TASK I

above, might be used on an ad-hoc basis: The meso-alpha code, MEZDLS, (see
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Table 1) could be run either before or concurrently with the meso-beta code, ,. ",

MEZDMS. At every hour the results could be saved as input for the

interpolation code, AMFMEZS. This new set of initial conditions generated

from the meso-alpha model would then be incorporated into the meso-beta model

using a weighting function which has the value of unity on the boundary, and

which decreases to zero, four or five points Into the model domain. The value

on the boundary would then contain the large-scale initial conditions and the

value some five points into the meso-beta model would contain the values

predicted by that model. Those points in between would serve as a transition

zone.

The need for additional theoretical studies of this problem cannot be

overemphasized. Moreover, the presence of underlying terrain further

complicates the situation. Vertical coordinate transformations such as the

sigma-P system used in the present version of the model offer certain

advantages, but they also add an extra degree of complexity to the problem.

. TASK III: Integration Procedures

A new version of the model has been developed in which the Shapiro filter

has been eliminated and replaced with an explicit horizontal diffusion

operator, and the TASU Matsuno time-integration procedure replaced by an

Asselin filter. The new version of the model is described in the accompanying

paper by Nickerson, et al., (1986) to be published by the Monthly Weather

Review, February 1986. In order to implement the new scheme and verify tnat

it worked properly, it was found necessary to conduct an extensive series of

tests using a two-dimensional version of the model.

120
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The new model code is contained in the third file on tape number 9223

previously given to AFGL. For integration periods of 3 to 6 hours over the

Alsace terrain used in that three-dimensional simulation, the incompatibility

prolem between the upper wave absorb.ing layer and the lateral boundary

condition did not seem to be especia'ly serious. Nevertheless, such

conclusions might not hold for other regions. Additional tests should be

conducted using different initial conditions over the same terrain. However,

what would contritute most to the development of a validated model is the

spe~ificat'on of a set of well-posed three-dimensional numerical experiments, .

the -esults of which could be checked against independent predictions by

eithier theory or laboratory experiment. ,.

cj. TASK IV: Aerosol Model

Considerable progress has been made in the evaluation of the aerosol

model. Although three-dimensional calculations using the aerosol model have

bee. made by Chaumerliac et al., (1983), an extensive series of tests have

just been completed using the new discretization schemes described above under

TASK 'ii. The new microphysical scheme of Richard, et al., (1984) now permits

the aerosol model to include nucleation scavenging, a significant advancement

over the previous version of the model.

An extensive series of tests have been carried out seeking to quantify

the role of the various physical processes in the aerosol model. For example,

the scavenging efficiencies of maritime and continental clouds are ..-

different. An article is presently in preparation for submission to the

Jur..al of Ceophysical Research.

121
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Although the aerosol model has not been extended to include the larger '"

size category appropriate for the treatment of dust particles, in principle

that could be accomplished by adding another log-normal distribution similar

to one presently used for the accumulation mode. In that regard, J. F.

Mafouf, a student at the LAMP has completed a thesis containing a new .

formulation for the lower boundary conditions. The new PBL formulation

includes a separate equation for the turbulent kinetic energy, and the

treatTent of vegetation and soil moisture. The ability to simulate the proper

generating conditions for dust at the lower boundary then provides the

opportunity for a realistic assessment of the resuspension and deposition of

dust in the atmosphere. A copy of that thesis will be sent to AFGL when it 

becomes available.

6. CONCLUSIONS % %

A simulation of a heavy rainfall event has been carried out over southern 1"

France using 3-D Neph data supplied by AFGL to initialize a meso-alpha .

model. The model of Medal (!985) was run for a period of 3 hours, and the

output from that simulation was subsequently interpolated to a meso-beta grid

in order to provide balanced initial conditions for a regional scale model.

An examination of the results shows that the meso-beta model is capable of

simulating many features of an orographically forced precipitation event,

including temporal and spatial information on the amount of liquid water

present in the atmosphere, as well as the number concentration (and hence size

distribution) of rain drops. ".

The model is capable of being relocated to other geographical areas fur

the purpose of simulating clouds, precipitation and airflow over complex
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oropraphy. Despite the presence of rather severe topographical conditions on

the eastern boundary of the meso-beta model which included part of the Alps,

no serious computational dificulties were encountered in either the meso-alpha -"

or the meso-beta simulations.

7. SUGGESTIONS FOR FURTHER WORK

:n order to interface with other data sets and output from larger scale

models such as the Air Force global model, it may be desirable to use a

pro'ection other than the Lambert projection used by Medal to calculate the

map factor terms in the model equations. In addition, the initialization

procedure should be modified to make it easier to move the model domain to a

different geographical location.

At the oresent time, the model is not capable of utilizing all of the

detailed moisture information contained in the 3-D Neph data sets. .-

Simulations have shown that the mere inclusion of realistic initial moisture

distributions will have little effect on the resultant simulations until a

technique is developed to derive balanced motion and divergence fields which

are consistent and compatible with the condensed water present in the air.

Just a3 the meso-alpha model was used to provide balanced initial

distributions of wind and moisture for the meso-beta model, a way must be

developed to provide balanced initial conditions for the meso-alpha model

u,inZ the output from a larger scale model as well as data from remote and in

situ otserving platforms.

123
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