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Obsexvetions show that varietion in the static stability is, on the
vhole, considerably smaller in the stratosphere thean in the troposphere.
Moreover, is it known that the horizontal velocity divergence is closely
related to time and space variation in the statie sbabdlity and in such
8 way thet small verlstion corresponis to smeli divergence. Inasiuch as
the divergence term in the vorticily equution is omitted in performing
the so-called barotropic forecasts, oe is lead to conelude thst ths
stratosphere is likely to be a preferred reglon for succesalul forecusts
of thiz kind. .

Tis is congldered at some leagth iu an appendix to this note. The
conclusion ls reached, that the horizontal divergence is particularly zmall
in the stratosphere and {hai consequantly the ebsolate verticlty remalns
approximately conservative for a period of 2L houre.

These comslderstloprs as well as the well established usefulnass of
500 mb barctrepic forecasts initisted the tesk of carvying out 2% hour
parotropie Furscagts fox the 100 ah suplsecs for 30 congecutive days of
Januery 1953. The synoptic charts haed been analysed by the Aralysis
Section of the Nuwerical Predictiou Puroject st Geophysics Reseevch Direc-
torate (referred to as GRD below), Cavbridge, Mags., end tzbulated helght
values for grid points were kindly made available to JHWF. The grid and
the area of verification, shown in fig., 1, are the suna as thoc;e used at
ORD for their bvexotropic 500 mdb (as well as thermotropic 1000 end 500 ub)
forecasts for the ssme period (Jan. 1953). The detatls of the GRD fore-
casting procedure were purposely copied, as the goel was csgentially to
compare the skill of the 100 mb forecasts with the skili of those for the
50C mb., For practical reasons, ong deviation was made frowm the GRD proce-
dure; this was in the use of boundary corditioms. At GRD 1/'211- of the abe
served 24 hour chenge centered at the initial instent was spplied to the
bounderies, whereas 1/2l of the wncentered 24k hour foreward chsnge was
used in connection with the 100 mb forecasts. This hed to be dcmé since,
ag a rule, the 1)Z data were not needed for the forecazsts and, thersfors,
not availsble on punched cards. Although the boundary valives do not
@irectly enter the verification, the diff'erence in the applied boundary
conditiong will influence the results. There are indications that the



boundary conditiens applied to the 100 mbh forecastis may have been slightly
more favourable for the results than those uwsed for the 00 mb barotrovic
forecasts {2].
Az for other debails in the preparation of the 100 mb forecasts, the
following are menticned;
1. The mesh-size 1ls sppruxisetely 2—1—‘ degreas gﬁ latitude,; and the grid
is 16x23 mridpoints covering en aree shown in fig. 1.

For the computations of the findite difference form of the

[

lapiacian of the pressure heighis o H-point scheme was used
where the four points surrounding the central point were
four mesh-sizes gpart. 'This gives & smoother (806 sumewhat
weaker) vorticity field than the conventionsl schene whers
the surrounding points are two mesh sizss apars.

%. The tims step used wag one howr.

Further details of tie forecsasting procedure may Le found in the CRD-re-
port on their 500 nb forecasts (L1i.

As & measure of the perfordands level of thée 100 mdb {crecasts, cor-
relation coefficients (R), root mean squars of errors {Jg ), root mean
squares of observed (¢ ) and predicted (d.:': } heignt changes were mom-
puted as well as the retio: "1'/9‘ « These gtabistleal quantities were
selected mainly In order to fecilitate comparizon withk the 60 Si-hour
varotrople 500 uh forecasts made at GRD. ]

Altogether 34 100 mh Iorecasts were ron.  OF these %7 wepre based or

the G352 deta for Jsn. 1-3C, and + based on the 13% data for Jan. 5, 7

Ly ]

E

ks ) ey

, and 28, The resuit:z sre shown in teble 1. & corpariscan between

1

tie quanbities B, Of ,¢, , and “E4, for the 105 and 500 mb forecusts
1s given in the grephs of fig. 2, and the nain reswlis mey be swmmarized
as follows:

1. The mean carrelation cogfficients es well as the mean O 's
are practically the sums for the two serles of 36 100 ub fore-
casts and 60 500 mb forecasts, U.735, 208 ©L and 0.73, 208 £t
respectively. This result did wot change ayprecisbly when

all the 152 forecests were eweluded.

o



The observed 2L hr changes at 100 wh were on the gversge
2/% of those at 500 wb, the respective /fif._!:ures are 199 Tt

N

and 29% ft. As z result the ratio ‘:/Cr‘" we3 larger at
10C b thar at 500 mb. The resgnective mewns ore L1.08 and
0.80.

5. There did not eppear to.be any svstematic differeuce hetween
O a0dd, at 100 mo.

As regards detalls, attention is drawa 1o the rough 1adicstion of o
12-24 hour phase lag of the 1C0 mb R-omve compored with thab of the 500
mb. An explaneticn 1s not attempted here since the syaoptic giltustions
were not studied although e possible ckplanation nighy be Lthe upward o ran s
pegation of icw-lzvel cyciogenesis. Anothar deisil is the wuniform Bign
of the obaserved height changes ovar the entire sres of wepificotion on
Jan. b, 8, snd 11.

Table I. 100 mb foreczsts {24 hours)

Jen. 1933 R O¢ Seo g @;// A '
1 0% ) iB 1€ Ti5 1.1%

2 035 8L 18 18 20 1.C¢

3 037 B4 12 15 Lis 0.80 T i -i%ka 07L 7£‘f;
b 032 45 22 18 10 LB

5 03z .82 1€ L7 21 0.6

6 033 .88 16 18 23 .89

& 15% .63 15 21 2P 0.490

T 032 iz 5 2% 17 1.8

T 158 .72 28 37 26 2.6

8 03z .28 37 % 20 1.16

9 03z 76 1.6 LY 10 0, Gk

10 032 L0 o2 LT 15 3.2

11 937 .28 o5 2] 1% 1.19

12 032 7 19 19 15 1.00

13 03% 8o 30 138 23 1.67

1k 03 .91 il 22 2% 9.6

15 03z .63 2h L 1m 20 2.00

10 032 .78 17 17 10 1.G0

17 0%z 17 14 16 15 1.00

i



Table I (continued)

Jw. 1953| R |az a; or  |%7
18 032 .91 14 2 21 .64
19 032 .73 15 19 14 1.00
20 %2 .57 27 1< 22 .42
21 252 Ok 15 &7 28 .50
22 072 B¢ 15 15 18 1.07
2% 032 273 15 x5 17 1.15
24 052 Rsis) 15 L7 17 3. 58
25 63T .89 if 22 2 .73
27 0% L6 26 2z T 2T
27 0% T4 2 1% 1.17
27 152 .68 -~ { 22 18 Lo
28 032 .85 ze ' &k =0 ST
28 152 Bi ac 1 35 1.24
20 032 LEf 22 1k by 1.5%
20 232 .85 IR I Y R 1.12
Mean I3 Z0.0 L9.¢ ¢ RS 105

Appendix. Remarks on the grosu-fiatres of the vertical distribution of

the horizontal veliorcitv dlvergence.

When differeatiated with resveci to prossurs, Lle cdizbatic eguation

3inod . dln3
+ W Ulng4s 22 = 5
(1) 5 LG+ : y

leads to the foliowing expreseior [or g;-’

(2) $=-1 LY o

Rotatisne used here are corverticnel; £ ie the potentlal tevperastare

{dry air) anc r is given dy:
(3) 31n8 :

r=~5£-=~-

(%) = (i+3'1‘
Cp 5'2.)

where



It is now assumcd that the wind is spproximetely geostrophic so that
the iast term in (2) may be omitted. Moreover, we substitute for ;* from
(3) into (2) which then takes the form

ow
(5)"'63 -

L1 =)
QAQ!

=.;L..
8

(A
)
1
Wl
i

2]
wiere D 9 RT
Lt g
By definition: .
ar -2 32z
" e -
Substitution for u iuto (5) gives:

. 3 .
CRASE DEINEE

Ve refer to the fart tha® "F in proportiopal *o the horizomtwa velo-
elty divergence and that Ze, {C) tuererore shows thet ihic maniity is
closely related %o the tine wd space varaetion of the svetuww stability,
3, as defined by Eq. (3). Certaln infurmation regarding th: grosa-faa-
tures of the vertical distriovtirm of *he Giverrence may th2rafore be in-
ferred from wiiat 1s known about the field of etatlc stebiliity. Adultted-
ly, our koowledge of this quautity ig Limited by the ract tiaet charts of
atatic stability sre ast nrenured o & roubtine hesis and noumalis are
avellsbie only for the layer 1000 - 500 ok (3;. Yet, cbiervallung would
seenm to support the follcwing statements:

1. The coabined ture-gpauce derivative i Dt a8 in ‘mra.a. twe anxima,
one somewhere in the lower half cf the troposphere and maotiier within the
“+tranglition zoue betweeu tiae iroposplers and the stratosphera, 1t has e
‘relative minimum approximately tetwees €20 and 0D ad end an ansolute mini-
mm in the stratospher:.

2. Wheress the variation of 5 with increasing height .8 gulte lrreg-
ular beiow arownd 600 wb, it genera’ly decreases with increasing height
between this level and the transitlon wone between tae trepospnere and ihe
stratosphere. In the transition zoue, however, there is an increuse - In
gereral quite considerable - in s with iacreasing heizht. In the strato-
spheire. vagriailon with height is swall snd irreguiar.

To the extent div V depends on the first term on the right-hand

i

90333



glde of (6), the main festures of the div ¥ - distribution along the verticasl
are already sketchéd under 1- abové. The occurrence of the vertical velceity in
the second right-hend term of (6) complicates the estlmate of this tery 3ince
something has to be sssumed about the variation witn height of thls quambity. It
is freéquently assumed that W has a4 msximum near the middle or in the ugper part
of the troposphere, snd it 18 generally assumed that 1t decreases fTrom Croposphers

1o stratosphere becsuse of the increage in etalie ghubility. Ve will uot streteh

. . e o ey { Js.
this point any further but rafher invesiipgaie the propartionalily fankor L 4 = 5 S
which &8 we shall see, is quite sensitive to. verlaiion with height id the atandc
stabilitv. To this ead we put g—%«z on the following Form, utiiizing Bg. (- Yy
() Hes B v & X __ B M
7 s 3z :g]ﬂp"—!'-' FE G270 10K 9= T 1000 K
O

vhere X = - 5~ 103 L.e. the lapse in temperature per .‘::i’..'i:mnét‘ei:, snd &K 1 the
tnerease in K per kilometer. Fig. 3 shows the value of o, ss a fwiction of X,
for which 1 + B %«ﬁi ig zern. The $0ild line corresponds téH f}.i'f-l.f.\?;gl , the broken
one tu H = T.X- J._03m_! tne dashedotbed lime to H=0.0-10%9m representing roughly the
donditions in the lower, middle snd wirer part (as wsil as the atratosphers ) of
the tropofiphere.

Values of A% well in-excems of those required to make the lest hewm in (&)

sern> ceouwr Trequently in tie ataocgphere. Decause of £he prevat 3.m£; vé‘ lues of ¥

aé AK in the middle sid upper tropaspherd, ihe magritnde «f L + :1 v tends Lo

be smellexr Here tham balow and in the irafisiiion Zone netween Lrogosphere and
stratosphere. This pléce of informstion regarding the typical digiwibution of
stetic stabllity with helght together with the pizture of the viertical velacity
distribution aketched above, shemp o indicale the vhersis the seeond tewm In
By. {4} may vary irrveguleriy in vhe troposphére, 1% ig copharetively ssall in
the siratosphere. The Urde:r- of magnitude of thiy térm resges Hrovabl y from 107
in the stratosphere to- 1677 in the tréposphere and is not neg@ligible in sowme-
parison with the first tern in Bg. (G).

In swmnery, the fSlloving gross-fealures of the digtributlon «f the norl-
zontal velonity divergsuce stand out as being plausivle in view of ihe discus-
sion ahove:

The. Irmz-izoniaJ el ocit,;r divergencs 1s in general salier in the strato-

sphere tham _111 the tro;:r:zamht.n. . Tt hes a rvelablve maximun In the transition
zZons h@twean 1:.rortmsphere and stratosphere and snother in tne lower half of the

6



tropogphere. In the layer €00-400 mb it i comparatively wealk.
Sincge 1the so-called barotrople forecasts neplect the divergeace temm

in the vorticity equetion
) 1 Dy v =
(8) s + di‘uv =0

one uway expect such forecasts to be more successful at one level than go-
otner and in particular would the stratosphere seem to be preferred reglon
in this respect. The time intervalsn which may be successfuliy spanned by
[} ‘barntrbpic forecast is determined by ihe megnltude of div % . In ihe
stretosphere, the first tom in Eg. (0) is of the order of magnitude 1¢G™¢
sec © and the same applies to the secound onz, provided W does not exceasd
1-2 cm/sec, whlch seems lilely. Let us assune, that a barotropic forecast
mey be consldered useful if -m-{: Joes not exceed 25 °/,. wiere &n is the sctual
change in vorileity during the forecast neriod erd v is she absclule vorti-
city &b the initiel time. In view of Lq. (8 this requires that laty ¥ iat
< .25, vhich for o = 2k hours glves ldiv ¥ | <0.3%107° see™t. Ghere ure
reesons to belleve that the horizontal dlvergence of the ptrstosphore may

fulfill this reqairement.
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