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OF POOR QUALITY

THE DISTRIBUTION OF BAROCLINITY WITHIN THE ATMOSPHERE

D.A. Barber and M. Wai, Dept. of Atmospheric Sciences, Oregon
State lniversity.

ABSTRACT

A three dimensional numerical interpolation scheme which
resolves frontal gradients with high fidelity has been
developed and is being applied to the study of atmospheric
upper baroclinic zones.

INTRODUCTION-

The aim of our resecarch is to ampruse understanding of the
structure and evolution of atmospheric fronts. Achievement of
this goal requires the representation of frontal intensity with a
dynamically significant parameter for which we have selected the
baroclinity,

ﬁ:ﬁVe (1

where B is the baroclinity vector, g the acceleration of gravity,
and 6 and Vpe are the potential temperature and its isobaric gra-
dient. Furthermore, we may define local frontogenesis to be the
local tendency of the baroclinity which may be shown to be (to
good approximatior)

g_f. = .g_vp [.‘a’% - vp. ve) - %p (we)] (2)

where w = g% .

Because of the small horizontal scale of fronts compared with
the spacing of sounding stations the magnitude of the baroclinity
may be considerably underestimates in the vicinity of intense
fronts if only horizontal or isobaric data are utilized. This
difficulty may be largely ohbviated through use of cross-section
analyscs which effectively apply the high resolution information
available in the vertical over eacn sounding station to improve-
ment of horizontal resolution. (Shapiro, 1970). !
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The considerable expenditure of effort required for manual
analysis of cross-sections has led to the development of success-
ful numerical interpolation schemes for cross-section analysis
(Shapiro and Hastings, 1973 and Whittaker and Petersen, 1975);
however, these are two dimensional techniques from which one can
obtain isobaric analyses only by laborious combination of many
independently analysed cross-sections. We proposec instead to
apply a fully three dimensional scheme based on a straight forward
extension of the Barnes (1973) horizontal method.

We extend the Barnes scheme by redefining his weight as

1 -d2 22
W. = . exp| 1-"1 (3)
i 41kD [ ik 40]

where wi is the weight factor for the ith observation, di and Zj

are the horizontal and vertical distances between the observation
and a given grid point, and k and D are weight parameters con-
trolling the smoothness of the output. To facilitate selection of
k and D, we have coded a two dimensional cross-section analysis
method based on (3) having a horizontal grid spacing of one lati-
tude degree (111 km) and a vertical spacing of 50 mb.

The resulting-potential temperature analysis on a cross
section through the complex hyperbaroclinic zone studied by Frank
and Barber (1977) is shown in Fig. 1 together with the component
of the baroclinity in the plane of the cross-section estimated by
finite difference method. For comparison, Fig. 2 reproduces the
careful manual analysis of Frank and Barber. The numerical schcme
has reproduced not only the gross features, but also most of the
details with considerable fidelity. Further improvement would be
possible (at the expense of more computer time) if the vertical
resolution were increased.

A quantitative demonstration of the efficacy of the cross-
section scheme is illustrated in Fig. 3. The baroclinity estimated
from the cross scection at the S00 and 800 mb levels is shown by
the dashed lines. The solid lines are the results obtained
through application of a horizontal Barnes analysis on a one
latitude decgree by onc longitude degree grid. The magnitude of
the baroclinity estimated from the cross-section program is fifty
to one hundred percent greater in the hyperbaroclinic zones than
that obtained from the isobaric analyses.

CURRENT WORK ;
We are now coding the full three dimensional scheme for applf-
cation to the AVE II data, Turthermore, we intend to dcmonstrate :

its usefulness through application to operationally available i
|
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Fig. 1. Objectively analyzed cross-section through hyper-
baroclinic zone. Isentropes (k) solid and baroclinity
(10-7 s72) dashed. 1115 uT, 12 May 1974.
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teletype data and comparison with Wational Wcather Service analyscs.

In addition to depicting the full thrce dimensional baro-
clinity distribution, we plan to apply the method to the wind
ficld. In the case of the wind field, some smoothing cof the
vertical wind ficld is desirable (see Schmidt and Johnson, 1972).
Therefore, a different set of weight parameters (k and D) will be
appropriate.

Finally, we shall apply the improved three dimensional wind
and temperature analyses tc the evaluation of terms in the
frontogenesis equaticn (2).

REFERENCES

Barnes, 5., 197%: Mesoscale objective map analysis using
weighted time-series observations. NOAA Tech. Memo.
ERL NSSL - 62, Norman, OK, 60 pp.

Frank, A. and D. Barber, 1977: Fronts and frontogenesis as
revealed by high time resolution data. NASA Ref.
Publ. 1005, Marshal Space Flight Center, Alabama.

Schmidt, P. and D. Johnson, 1972: Use of approximating
polynomials to estimate profiles of wind, divergence,
and vorticity. Mon. Wea. Rev., 100, 345-353.

Shapiro, M.A., 1970: On the applicability of the geostrophic
approximation to upper-level frontal-scale motions.
J. Atmos. Sci., 27, 408-420.

Shapiro; M.A. and Hastiags, 1973: Objective cross-section
analyses by Hermite polynomial interpolation on
isentropic surfaces. J. Appl. Meteor., 12, 753-762.

whintaker, T. and R. Petersen, 1975: Objective cross-section
analysis incorporating thermal enhancement of the
observed winds. In Project Report: Meteorological
Applications of Satellite Indirect Scundings. L.H.
Horn, Principal Investigator. Dept. of Meteorology,
University of Wisconsin, Madison.



S~
O . ~
! 330 \ ,\\ \ ~
XYY "‘ )
.8' Oy |
) [e) "
\\?\‘ ”i )
\
tan 382 \ n\ ¢ — J‘ .. .
° oy 331 / 1
) o
[ l\" -
| N C
——— - .
] N -~ - * - ‘
' g Yo ’-"XMTF ]
Crx

) A :
S &
’ w
(NU&C‘ /‘
560 ) v
Ty " Q:u
L4 '\ Y e
A
e “ . Iwo - -
© ey \s
I Ty &

z J
ADM
: = (o) . //»~. /‘
— 8 l
3 el P G /
) g N s _/\f
{ et~ g
o Fux -
: Gow ALY
L e 1AL ' .
O (p)ﬁvto 3
rebt
1] R
woggn u.‘u.u'\‘( u 4
we ]
e Al vAQ
. 00
130

ORIGINAL-PAGE 1S




b= (A .,ml,u....«..t*u.ww AN 94 M U‘Halt-r. r

PR - g - N Y-y

.

.,.,ol.sﬂ L ok 254
N
s

NI

L

M.] ! 6, T T T T
MHA /.mun,| I
-t

g _SAel i ThRY 4
o~ T et -U

5
’
¢

513 ¢ " .y (A4
p Y -~ . By X% Jew - s e e = = -
~ O s )\J :Mw / J S TS =T ! BTN B v ey B NP 3 R IR Y
X NCE I gt AT S / 5 A A .vlow.wl\l.nw\u bvst KL 4o & -~ Ay
P LRAL R . Iy y L . \ TR ST & T et ey ~
o . e\t IR ~ - Jm.m ' X5 R \»A\:\”\'\.P\Wrﬂ ~ e N ~ - T o
R, s 2 \\ ¢ c= e =~ g L~ 0 3 eyt w0 3 et R o 4.3
R ~ vt 8% - ; - - = s - 2" S .
=T L 1 L..J,..ucf_uas i oin D et re e & A (OIS AT o AL I S EA RN TS
-~ AN ~F L B 520w AT ~ - -~ 93~ T 5 s, Somy K2R [ BN 2 )
. I . = IS~ SO J \\\A £ . ~r st -_ -~ VN Nkw‘, T2 o -~ 3
g 1S SEALAEE -~ - & . .Mb\JN.Q - EE RN N3
.— I 1€ LR wtde e T S s 25 - N £3H2 MT&....k Ty . ~ T /...s, ! // ™~
1 L o 1 O * I e \\H\J\whf u\l.. N = .|I ~ . ~ .n_M\A %A .ﬂ\m. = . )'\ [Rts) - 33309y 235G
4 w2 Ned T T UT TN A Y D e B - BELARN N AT NN
- - -~ —— - - - 4.2
) - / S ad —~ a .,A..n‘?.u»\ﬂ.qmu s - 1 - .r.z .m,ﬁ T MbaT 70 SINTTIC

,‘” . '9'
"
:&

v
‘
2
\

)
>
"

-




R " . . v o , )
.\ﬁw A\(a o L \.WP.O_ “ L v L1 oo .
' IR . ° e ool “..J.ln.) 3 7 . i v s A
. L wsaf 2 ebE pent bemE e v A nN.\.., ST atst  siurs dwe
3 N3 2z > . oSN ' »
v7¢.m,r, \wnl._, W . ,,m\(\u,ru t "N
2 A 832 3T i .T\) y
v.G,, .U ﬂ.W\.s.ﬂ).r *~ O.\:l)\\l(/u.fﬁ,‘.} e -l | ﬁu . F\\/ .
P ' QY3 uS Tov | v sy W ekt 6T UBRT A ROT et 2 o e -
. \ o A 10"’ - PESTIS /L R A ~ ~2- oY £ P
S AN mnd BN / B3 8 L o === - R SN e ‘ 'l _ 892X\ Mia P
AN / / . ...AS‘_O \..\.1 S w.w.m/om: AP ——— - S _ x ey
R Y . . . - — N X S L ARS - u.,i.m . - R vy
St ,/u /v..wr.ouu _m.A - V. bt ST awen.uwl el T r\.._uuw\.n\.xo.L\/,sJ\'/ Cie v aN (. [T ——tse-
N T N\ NSe e\ U S Uy T T L TR e DT TRNG_Fge ot SBTtoel okl e L oo
. . . , S AT R -, : ¥ .
) A . //«)Hnmu/,(x I sAd ~ U 4
b Q| N . \ /
BT . o .
-Aw&k 7-53T AT Y MWT 3!40*.-7‘ W@W‘!.H:ﬂ,c(um!. T
md < .fl N A - =20, D A ‘e
O NN ! o2 s ‘Jl C.0 oy
L O N\ S/ o
AN e
@.,.Wu.u .pylwr th e ._.ﬂ.m..h .f' uﬂ‘.h VN.\ IO 3 MVN. 302
A I SN { ;
ST e (%
I PO QoA ¢
bz ok Ly¢ 552 9t e
NSy
N\ \)M;..r((mu P
s <L~ ~ugn -
534 62 9e3e
. . /
,f.\\nrla .
25T D o o e, ) 2 Lo
LSS O WIS AR SR = T ooaty IR Re T
.A\J{.IOAU e he T A7, IS AR SRS § S .Ov;.tﬁ.. LI8T 5T , 3y
S e AN TR g g T T TR ERRLTT IR e vntler w
.7 & A A e 3m 200 Y] b .y
mtll \ﬁv _UW\ _ . C . i ! / \ { R ) \I.‘r.\

,._Z whﬁM

[

(.
TV N
AR

s > IV . \ - 1 \ N - ’ < .; - Tt N L ~ ./
yhev " C AR - s el DL 3T 8T T LT Tgige BT o ~el
TN M R W RN Lt - X Rt e 51
: b ' R . , in r
Wiy - \ . +3a¢ “ ' .(/ 2L Vs
TREEUG 0T 438 1yl ot (ST T
. woth ade 1% % vamv:h.

\

.rru N.*VHM.V.

N / 35W 1 i \
: [ P 27 / .meuj ,a A -~
. A - BT L ITTAR S I AR S SRR T 1T ey ; ;
i AL QNI s paat pmt RIS .L..ﬁn R AN \,.4. n_.wva BT THT kg
s «orst ; UM‘N s ~ Lam T T ed - N h\. S \ kﬂw../ \ 239
Pl S a69 — - -~ AN N s o
v S EF LA § 44 MWMN,W\JA;vn—4 Bt A
R . - . S AR S She
i ~3 \ (/ ) T~
3 \ . R t.3
- - ——e (W « . <~ T
..,Y.” el il <08t ;;u./. g
: ; R S LA PV SRR
= , $h ~o -
. . . -— !l/
B R TSR L .
TN RAT s gpe €an




RECENT PROGRESS ON WORK UNDER CONTRACT NAS 8-32694 HAS INCLUDED THE FOLLOWING
MAJOR 1TEMS,

1. A preliminary test of the full threce dimensional numerical interpolati&n
scheme has been applied to the wind field for 0000 UT, 12 May 1974, over a
limited region of the midwest. The area is restricted so that testing of the
scheme may be accomplished without undue cxpenditure of computer time. The
results arce shown in Figures 1-7 a, b and c¢. These figures show the wind speed
and direction (a), the isobaric divergence (b), and the isobaric vorticity (c)
for 7 selected pressure levels on a 1 latituds degree by 1 longitude dehree
grid.

With two impeortant exceptions, thesc figures demonstrate excellent vertical
and horizontal continuity and quite reasovhable fields of the kinematic variables.
We believe that, when applied to a larger sample of data, the methcd will prove
a significant improvement ovcr'existing techniques.

The two exceptions noted above are related to horizontal and vertical
boundary po~hlems, The first of these will be substantially overcome by merely
including a larger area within the analysis domain. 7he sccond results from
difficulty near the surface of the earth. This problem was encountered in
carlier tests of the scheme for analysis of the potential temperature field;
it was overcome by including bogus data points below the carth's surface obtaiﬁed

by downward extrapolation bascd on data above the surfiice. This device has not

oven successful in the wind case.

2. We have obtained a small grant of computer time from the Orﬁgoﬁ State
University Computer Center for the testing of tne three dimensional scheme on

a case involving use of standard teletype transmissions of sounding data. The
temperature Jata for 00 UT, 20 January 1978, have been punched for this purpose.

While this work is not directly supported by NAS 8-32694 it will demonstrate

e

3




-2 -
the usefulness of the three dimensional scheme applied to conventional,

operationally available data.

TR ——

3. The often frustrating efforts to convert the data tape for the every
contact AVE 1I rawinsonde data to a format combatable with our local CDC R
computer have continued. The OSU Computer Center has been unable to perform |
this task so we have sent the tape elsewhere for conversion.
Imnediate future work will emphasize the following items:
1. Improvemenc of the bottom boundary condition for the analysis scheme.
2. Preparation of programs to compute vertical velocity by the kinematic
method including standard correction procedures.
3. Enlarging the area for testing the analysis scheme and adding
temperature data to the wind data for the test case,
4. Testing schemes to reduce the running .imec of the analysis scheme.
5. Preparation to run analyses on scveral time periods of AVE I datu
when the data tape has been converted.

6. Running the anﬂlysis program on the 26 January 1978 case to illustrate

the uscfulness of the tcechnique when applied to conventional data.
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