
A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information
DOE’s Research and
F?eports to business,
academic community,

contained in
Development
industry, the
and federal,

state and local governments.
Although a small portion of this

report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.



●

LA-URW)- 1386 7’WM - 9oojvj +
p,,.,..,,.:,1 ..,. ;..:.,...,.., .,ii

MAY03lcjg~

LOS Alamou Nalmnal Laboratory 19 operated by me Unwefwly 01 Calltorn,a IW NW Un,lad SIaIOS Deparlmanl of Energy under cofwacl W-7405 .ENG.36
#

LA-UR--9O-1386

DE90 010612

TITLE Three-dimensional Forecasting Models on a Desk-Top
Computer

AUTHOIW) T. Ynrnuda, and S. Bunker

SUBMITTED TO 3rcl In Lernntionu 1 Con fcr(?nce, l?NVI RONSOFT 90,
MOIILruul , Cuntidu, Soptemhcr 11-13, 1990

I’NSCLAIMER

1 his rcprt wm prepared us ~n mxrum of work nfamaurcal hy an agency of Ihc [ Inikd SIMaB

Gwvernmerrt. Neither the I Inilcd SIuIci (hvcrnmcnl nor wry ngwrcy Ih:rcur, nur wry d their

rmployecs, mahcs my warranty, eaprcm ur Implied, or muumcn any legal Iluhilily ur rcsponm-

‘ Ility hrr the uxuracy, twmlklcncnw or u.cchdncna or uny inh)rmaliwn, appnrulus, pnvducl, or

puceaa dimmlwuxi. or rcprcwtln Ihat i!! uac wuuld trot inlringc privulcly owrred riShln. Mclcr-

encc herein 10 any sptvfic commcrcml pruduct, pruccwr, or wvitw hy Irndc numc, Irtidcnmrk,

mnnufnclurcr, or othcrwiac rkm nt)l ncccmmdy cmrrnlllutc ur m@y its cndwrawmcnl, rccwm-

mcndnliwr, or Inuurirrg hy the I hrikd SIUICS (iovcrmtvcni or any rngcncy Ihcrco[ ‘l”he vIewn
and upinmnn wf aulhurs enprenncd herein AI nlll ncconurily SIOIC w rcflctl I ho # of the

I Jmtcd StaIIcs ( iovernmeni or uny agency !h?rcd

Ilv allI 1.1,181,,1I, IIf 1~,,,1411111Iv III- III Illl,911vI VIII flgIl,tv* llId 11,1,II !; ( mmmtllmwl II,l,IIfth ,1 tlIIItISWI II191VII tIWIIllV ltm Il(,nl!w III PIIIIIIW fIt tnlMIIdIIt.m

11.,s ,,,,1910,,1),,,! !I,l,,l Ill 111,,,, ,Ir,l, 11,111),,rl ,,1 1!, ,Il,llw IIll! l,, Ill dll hll Itlt 1) ‘i (itlvnltltllmll Illlfll(llw

MASTER

LOSAllalnmsLosAlamos National Laboratory
Los Alamos,New Mexico 87545

-Ii,tnmtltlnu n~ lHIU (JOCIJMIMIis ~lNL’~”

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



.

Three-dimensional Fwecasting Models on a Desk-Top Computer
T. Yamada and S. dunker Los Alarnos National Laboraiuvy, Los Alamo~,
New Mezico, U.S. A.

INTROI)UC’1’ION

Recent advances in the desk-top computer capabilities, particularly those
of an engineering workstation, are trdy astonishing. A high performance
workstation reportedly exceeded a supercomputer in certain scaler opera-
tions. Affordability and portability of a desk-top computer opened doors to
many applications which were previously considered impos~ible.

The ~,. rpose of the present study is to demonstrate the feasibility of
using an engineering workstation to operate a three-dimensional mesoscale
modeling svstem to describe the transport and dispersion of atmospheric
pollutants over complex terrain surrounding Vandenberg Air Force Base
(VAFB), Vandenberg, California.

Our modeling system is composed of two numerical codes, HOTMAC
(Higher Order Turbulence Nfodel for Atmospheric Circulations) and RAP-
TAD (RAndom Puff Transport And Diffusion). HOTMAC is a mesosc~e
forecast code that is able to mode] three-dimensional distributions of wind
speed, wind direction, turbulence, temperature, and water vapor. RAPTAD
is a Lagrangian puff code based on the Monte Carlo statistical diffusion pro-
cess, RAPTA D can be used under extreme conditions where a con~’entional
Gaussian plume model may fail.

h40DEL EQUATIONS

HOTMAc
The basic equations for mean wind, temperature, r-nixing ratio of water vapor,
and turbulence are similar to those used by Y’amada and Bunker.l.

A terrain-following vertical coordinate s)’stenl is used in order to in-
crease the accuracy in the treatment of surface boundary c~)nditit)n:

(1)
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The governing equations, following the coordinate transformation, are:l

‘4Kz3+$(Kza
(2)

(3)

(4)

(5)

(6)

In the above expressions, ( ) indicntes a,l awrage over a horiztmtsd surface,
The second terms on the right-hand side o] Eqllations (2] and (3) indicate
the effects of ground slopr. For simplicity, H is specified a~

where ]] = 500(1 m and zcm~r .= SW.7 m are used in this study, Expr~~sions
of the horizontal]” rddy viscosity owt%cients, A’Z,A’y, and A’ry are given in
Yamada,2
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The geostrophic winds U9 and V~ are computed from Yamad~;3

(8)

and

where A@,, = @V- (OV), and the abbreviated symbols UQ(~) s Ug(Z, y,~, t);

1’9(77) = l~(z, y,17, i) etc. are used. The derivations of Equations (2)-(5),
(8), and (9) are given in the Appendix of Yamada.s A turbulence kinetic
energy equation is given by

(lo)



.-
where ~ = U2 + ~ + ~ is twice the turbulence kinetic energy; m, turbu-
lence h~at flux; 0., the fluctuation part of virtual potential te~perature, and

(J’l,~2, sq,St,’and Bl) = (1.8, 1.33,0.2,0.2, and 16.6), empirical constants
determined from laboratory experiments (Mellor and Yamada4 ).

The internal heat energy equation is written in terms of AOV as dis-
cussed in Yamada and Bunker.s We obtain a prognostic equation for AOV
as

where ~ < @V > /Ox = 8< ClV > /Oy = O are used.

The Iongwave radiation flux RN/pCP is ccmnputed acc~~rdjng to SaSarnOri.”
A conservation equation for mixing ratio of water vapor is given by

-=:+z~]+;[.v!$](3Qv

(%

Ho_.– ---- ( -ii%) ,
“+H -- Zg 8Z”

(13)

The turbulent fluxes in
are obtained from simplified
( Yarrmda’ ):

(iiiii, tiw)

-..—
(lue,,, w~tt)

Equati(ms (’2), (3), (10), [11), (12), and (13)
second -tnoment turbulence-closure equations

‘( )

/)(,7 ~\’
(14a, b)~ . lq.s~, >;- ‘ &i;

‘“n’q;’f((~’ ?:”) ~

(Ih,b)



-
where Shf and a are functions of the flux Richardson number, and
o(- KH/KM where KH is an eddy diffusivity coefficient and Kh4 is an
eddy viscosity coefficient) is the reciprocal of the turbulent Prandtl number.

The expressions for ~nf and a are obtained from the level 2 model (pro-
duction = dissipation) of hlellor and Yamada8 where temporal and spatial
derivatives in Eq. (9) are neglected. The readers are referred to Yamadag
for further discussions of the level 2 model equations. The final expressions

‘or ~Ar and Q are given in (Yamada7 ) and are not repeated here.

RAPTAD

.4 brief description of RAPTAD (Yamada and Dunker:) is given herein.
Locations of the center of each puff are computed from

Z,(t! + At) = Zi(i?)+’ Upi4it (16)

where

Up~=U, +U~ , (17)

a = exp (- Ai/i Lz, ) , (19)

and

b= (1 -J) ’/2 . (20)

In the above expressions, [lP, is the particle velocity in the ~idir~ctjon;~rit
mean velocity; u,, turbulence velocity; ~, a ranchxn number from a Gaussian
distribution with zero mean and unit variance, t~,z,, the Lagrangian integral
time for the velocity u,; and UUil standmi deviation Of Velocity fl~ctuati~ln,
u,

Tht= Lagrangian tirnr scales, iLz = tL: = 104S (C;iff(md]”) and fL. =

20.9, (Yarnada and Bunkcrl ) arr used in this study,

Concentration ~ at (.Y, }“,Z) is rstimated by using the following ex-
pression:



x‘xp(-~(y$’)’){exp(-~(’ki
( 1 (Zk + z -2ZJ’

+exp ––
2 u; ~

)}
1 (21)

where (z~, yk, z~) is the location of kth partic]e; ~=k, Uyk, and ~zk are stan-
dard deviations of a Gaussian distribution; and Z9 is the ground elevation.

The variances are estimated based on Taylor’sl 1 homo~eneous diffusion the-
ory. For example, cry is obtained from

t
.— ))–tLy ,

tLy
(22)

where a correlation function R(<) = exp (–</t Lv) is used.

In a similar fashion, u. and a, are determined. The standard deviations
au, av and CJWat each particle location are obtained by interpolating grid
values of a computation grid volume in which a particle is located.

SIMULATIONS AND DISCUSSIONS

The Mountain Iron (MI) diffusi~ n experiments (Hinds and Nickola12 )
were conducted at \~andenberg Air Force Base during 1965 and 1966 to
establish quantitative diffus:, n predictions for use as range safety tools in
the “South I’andenberg” (Si) ballistic and space vehicle operations.

The experimental site, SV, is located along the California coast apprc~x-
imately 160 km west-northwest of Los Angeles. The coastline is oriented in
approximately a north-south direction along the western side of Sk’, but
changes a~ruptly at Point Arguello to a east-west direct ic}n. The coastline
gradually changes to a north-sol]ti~ direction down to Point Conception and
then changes again to a east-west direction. Santa Ynez ?vlount’tins form a
east-west barrier along the coastline far south of S\J’.

The purpose of the present study is to demonstrate the feasibility of
using an engineering workstation to operate threw-dimensional models under
realistic boundary conditions: land-sea contrast and complex topography.
Thus, only qualitative discussions are given here, and more detai!ed study
on model-observation comparisons is found in Yamada M-d Bunker,13
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We selected the M187 case which was characterized (Hunter14 ) as “Weak
ambient and sea-breeze flow, with httle distinction between wind vectors, but
sharp cooling with fog rolling in.”

Initial potential temperature profile was determined from the upper
air soundings at 1300 lst. The potential temperature lapse rate was ap-
proximately 0.04°C/m from the sea surface to 460 m msl and 0.044°C/m
above 460 m msl. Prevailing wind speed (2 m/s) and direction (225” C) were
determined by examining five upper air soundings at 1300 lst.

The computational domain is 40 x 48 km2 with a horizontal grid spacing
of 1 km. Integration started at 0500 1st, June 13, 1966 and continued for over
48 hours. The model plume was released continuously for 24 hrs starting at
2300 1st to examine the diurnal variation of the plume transport and diffusion
processes.

Figure 1 shows the modeled horizontal wind vectors at 14 m above the
ground at 0700 lst, June 14. AILhough the upper air wind direction was
225°C (southwesterly) downslope flows and land breeze developed in the
surface layer due to cooling at the ground. The sunrise on June 14, 1966 was
shortly before 0500 1st.

As the sun warms the ground, the air temperature in the surface layer
first increases by convection. The air temperature over a sloped surface be-
comes higher than ihe temperature at the same elevation but away from the
ground. The temperature difference results in a horizontal pressure gradi-
ent: a low pressure is normally located at a high elevation point. This pres-
sure force produces upslope flows and sea-breezes that converge into ridges
(Fig. 2).

The ground starts cooling shortly before sunset (around 2000 lst) and
the air temperature close to the ground over a sloped surface is now lower
than the air temperature at the same elevation but away from the surface.
Thus, the direction of pressure gradient in the nighttime reverses from the
daytime counterpart. However, the magrlitude of the nighttime pressure
force is normally much smaller than the daytime value, particularly in the

summer season, for the following reasons.

First, turbulence intensity in the surfa(e layer during tl,e nocturnal
period is extremely small, comparing with the daytime value. Therefore,
only the air relatively close to the ground is cooled by turbulent mixing.
The depth of the noctural stable boundary layer is on the order of 100 m
which is much smaller than the daytime convective boundary layer height of
at least several hundred meters.

Second, the solar energy that reaches the ground in Summer is far larger
than the net longwave radiation loss during the nighttime. In other words,
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Figure 1. hlodeled }lorizontal wind vectors at 14 m above the ground at 0700
1s1, June 14, 1966. Terrain is contoured by solid lines with an increment of
100m,
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Figure2. hiodeled horizontal wind vectors at 14 maboveth egroundat1400
lst, June 14, 1966. Terrain is contoured by solid iines with an incrementof
100 m.
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Figure3, Modeled horizontal wind vectorsat 14 mabovethe ground at2300
lst, June 14, 1966. Terrajn is contoured bysolidljnes with an incrementof
100 m,
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much more heat energy is input to the atmosphere during the day than the
extraction of the heat energy from the atmosphere during the night.

The combination of the deeper boundary layer depth and greater heat
energy available to heat the atmosphere during the daytime produced much
larger pressure gradients than the nighttime counterpart. This is the reason
why the modeled wind directions (Fig. 3) were not downslope although the
upslope flow components encountered during the daytime (Fig. 2) almost
completely diminished. The modeled wind direction later became downslope
but the magnitude was very small.
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