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THIS IS NOT AN OFFICIAL PUBLICATION, IT IS SUPPLIED
FOR INFORMATION, AND MAY NOT BE QUOTED IN PRINT.

Amendments te the objective snalvsis procedure
for the ten level model (Rectangle = March 1973)

The first six sections of this note deal with the modificatiens te the
height analysis scheme described in Technical Note No. 37 and the seventh
describes the changes to the relative humidity scheme. The modifications te
the height analysis scheme fall inte five groups.

The data check procedures at both the surface and U/A levels have been
amended 86 as te reject a smaller amount of correct information. The surface
analysis is now performed simultaneously with those of the 300 and 500mb
contour heights and 500-1000 thickness, so that surface detail may be incorp=-
orated inte the upper air pattern without using the adjustment procedure
described in Technical Note No. 37 (whereby differences between the 1000mb
U/A and surface analyses are added propertionately inte the upper levels of
the medel). The details of the surface analysis process have been changed s8¢
that small systems can be more accurately represented., The interpelaticn
fermalae fer the 600, 800, 900mb heights, which have proved unsatisfactory
on several occasiens, have been replaced by a polynomial fitting procedure,
and finally there is a group of small modifications necded either to preduce
improved thermal structure er smoother relative geostrophic verticity fields.

These changes in the analysis leave the overall system as follews. The
eight standard levels are analysed in the following three groups:-

(i) 100mb
(ii) 4000, 500, 300.ub, T/T
(iid)200, L0O, 700, 650mb

(The T/T analysis is not kept after being performed since it is equal te the
difference between the 500 and 1000mb levels). There are four scans at

each of the first two groups ef levels and three at the third. The curvature
cerrection te the data is made after the end of the second scan at all

greups of levels as before, Similaerly, the precedure for treating the differ-
ences between the observatiens and the final analysis at 100mb as the rand
ervers of ihe radic sondcs, has been mainteined. When the three groups eof

w
lewels have heen cempleted, the 600, 800, $00ub are interpslated by fitting

polynomials te the bettom six standard levels and the results ef this precess
are the ten anaivsed levels of conieur huighil.

" Data check modifications

2.1+ Upper Air

The data check at the U/A levels has been reformulated se that where
there is an observation of both wind speed (v) and contour height (h)
the height ebservation is rejected if

l R heerved hcalculated‘ > % Natyes
where X i zﬂ ¢+ bv =-c¢

In cases where there is ne observation of wind, the height ebservatien
is rejected if :

h > x1 metres

I hobserved calculated "
4

x varies from 60 to 240 meires, depending on the level and the type
ef observation and is tabulated in the Appendix; Db,c are fixed ai
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2.0 secs and 20 metres respectively. This medification is designed te
take account of two sources eof error in hcalculated :
(a) The first scan of the analysis is designed to define
the large scale features of the situation rather than the
detail, and the differences between the results of this
scan and the final analysis could be substantial in the
region of a jet stream, which will be rather smeothed out
en the first scan.

(b) The analysis precess gives censiderable weight te the back-
ground field (12hr forecast field on the first scan); there-
fore a small errer in the forecast movemen} of a jet stream
ceuld result in an error of the order of x in the value eof
hca culateq EVerR fairly close to an observation. The observed
w1n% s %éien as the estimator of the height gradient in the
region of the observation, because, although it is subject te
observational errors, these are no worse than the errers in the
forecast field (an alternative estimator), and gross errors
in the wind observaticns will have already been trapped by
the quality centrel procedures.

Surface

At the surface, a similar allewance fer errors er amoothing in the firat
scan of the analysis has been made, except that the relevant observatiens
in this case are theose near the centres of d$pressions. The nearncss

te a depression is expressed in terms ef § ' . which is derived by

linear interpolation from the f 's werked ocut at the four grid points
surrounding the cbservation . At a grid peint (x,y) we define ﬁgx,y) as a
the backgreund field heights at the nine points used as background points
in the quadric fitting procedure., Numbering the points (1-9), and the
cerresponding background heights (h, = h ) (suffix j refers te ths

grid point (x,y)) then . J

if p(x,y) < 0, then f(x,y) is set equal te O. Therefo
a range of values from O te 1, where any value ef f(x,y) > O implies
that the geestrophic verticity at (x,y) tends to be cyclemic, 4n
eboervation of height is rejected if

' R servad © Moaielated ' > x metres

A
when £ > ¢ and hbbserved < hbalculateﬁ i
x=x + f-b -
. o
and when = 0.or ho ) 1.40a < B observed then

1
X=X
where & = 00,0 metres, W = 2,0 metres.

This relaxes the rejectien criterien when the 12 hr ferecast field



3

(3)

implies a depressien near te an observation, whese height is lower
than that obtained frem the first scan eof the analysis., It is in
the arecas of depressions that the first scan, which is designed to
define the large scale pattern, differ by the largest amount from the
actual field.

Simultaneous analysis of surface and U/A levels

Let en estimate of the errer at level (n)

= 3 { h(w"" H ) + 82 {paCei Y}

s\)

(n}) ) Q) )
where “t%} o= cﬂ?‘gfil'qk E) %a?zf’ Jlgfnlfiﬂu 'f'ie} o$rf= ;{ijif 'f'c: »

tal
VAM is geostrephic wind derived as &9/} (-aHAJ (}HAJ )
ax

(&Y
}{Gi.is observation of height

Q) :
\/ is observation ef wind
Q@

PJ@ are weighting factors as defined in Technical Note
Ko. 37. The subscripts Jj, 1, m refer te baﬂkground p01nts, height
observations and wind observations respectively; {x,y) are ceordinates
relative te the grid point under censideratien in units of grida length.

’-'\ o ,2‘-\ ( \ ('1\ (ﬂ\ ﬂ‘. £ o S
Let Q0 (3\ ’. | h\n'. AR N c("'); then if we wish

te minimise E(n) subject te variatien in a(n), b(n) ete. we cbtain the set
ef equatlions
QE‘M eEd\) 3;’(’0 c:'(m éE(’I) eE(h)
"Em = o i) = et O
E)Gé”’ (= ST K cifih) cﬁifh)

which may be writtem in matrix ferm:

é(n).g(“) . al® (1)

where A(n) is & function only ef p, g, 82 and the pesitien of

ebservatiens, and _d_(n) is a function alse of the background heights,

ebserved heights and ebserved winds, These equatiens have solutien
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(assuming that the matrix A is non-singular) .

Therefere the analysed height = C(n) = 43 ..5(")._g(“) Sosneile)
where M\ = (0,0, 0,0, 0, 1)

Equatien (2) is lincar, and therefore if we analyse 500-1000 thickness
based en upper air observations (thickness and thermal wind) we may expect
the same answer as we would obtain from the difference betwsen the 500mb
and 1000mb analyses performed independently on the upper air ascents. (A
difference ean occur if the data check rejects an ebservatien at either 500
or 1000mb but not in the 500=-1000 thickness analysis er vice versa.) The
matrix A should be the same fer 500, 1000 and thickness since it merely
depends on the pesitions and weights ef the ebservatiens. The situatien is
net the sams when the 1000mb field has been anzalysed using surface reports,
since they tend to be far more numerous than upper air E?BSBFS’ and net
necessarily in the samo pesitien, so that the matrix A is net identical

te 'é(SOO) or A (tthKDBSS)’ and eur twe values for the thickness may be

different. The theory which follows shows hew it is. pessible te take these
twe independent estimates of the thickness and adjust the 1000, 500 and
thickness analyses, so that the thickness analysia is equal te the difference
between the 1000 and 500, At the same time, since the 300mb analysis is per=-
fermed with the 500, 1000, and thickness (as ene of the primary levels) the
sais argunent applies, in that we can eblain cstimates of the 300-500 thick-
ness both by direct anelysis and from the difference between the 300 and
500mh conteur heights analysed independently. However, apart frem aireps
data, the observatiens at 300mb, 500mb and thickness will be the same. There-
fore in the adjustments to the 300mb level, we assume that the same data
as was present in 500mb analysis weuld be present in the 300-500mb thickness
eanalysis and our answer would be that ebtained frem the difference between
the 300 and 500mb height analyses. On these assumptiens we can obtain
adjustmsnts te the 300, 300-500 thickness analysis, so that the 300, 500,
41000mb levels are censistent with the analyses ef the 300-500 and 500-1000
thickness. " P S

S PRSI S S A YO T 170 N ekt L
pefins G = X‘)E -‘-,Y,‘E +}.f, E —‘-}:‘;,’E -é-;’./,#f; :

E(3) = E(n) fer 300mb

5(5)

where
= ™ gor s00mb
(19 o 5(® eor 1000mb
g(5/10) (™ ¢or 50021000 thickness

g(¥5). g™  for 300-500 thickness

;z:(n) are the weights ef the E(n) in S and may be arbitrarily specified.

() (8 10,

We wish te minimise S subjeet te variastiens im 2‘"/; a

‘(ﬁ/Sz,a(§/10). b(j) secosese €tc, under the censtraints
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. 0(5) % 0(10) i 0(5/10)

shesdsielD)

c(3) vosescce(6)

o(5) o(3/5)

&=
have
Similar constraints ./ not been put on the ether coefficients in the equadriec
fit analysis, hence the quadrie surface obtained directly for the thickness
is enly equal te the difference between the surfaces fitted at the 500 and
1000mb levels actually at the grid point under consideration (and therefore
approximately in a small neighbourhoed around the grid point). In practice
it is prebably unnecessary to impose a more stringent constraint than this,

and it is alse very much simpler teo perform the analysis for only twe cone
straints,

+

This 1eads to a gset of %0 equatiens

S _ S = S — (&e})
> é’gh; E?h“) %5(3) J,(s) O)-adﬁ )\

éS.,..XS‘.,"‘gg,_s__ 35S iy o
a ;E}f’ ahlf) 33(5') g;@)“g acw’m"& k £)

95 - 25 _35 =935 .S S =-M (4
64"“’ 65‘“‘9) gg\?m) 55{“\) 3 j‘w)“”o 5 a"g ) H )

a5 _d§ .35 .3S -8 w99 o X B

aaﬂlﬂ wg%) 34 oisy éﬁ\“ﬁ") aj“‘“ -

S 35S .38 3% .28 - = U
A@) gwa, gg.ﬁim % t5re) %‘T{ﬁax ) é"?%o H

>‘ %'5-* are Lagrange undertermined multipliers of egquations (5) and (6)
mspectlvely T‘auatlons (7) = (11) may be mwrl‘ct@n as
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Writing w
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We can ebtain expressions for
follows

(6)

equatiens may be rewritien as

5(3)
5(5)
5(10)

o(3/5)

o(5/10) |

c(3) o(8) c(10) (¥/5) (5/10)

Cél) is the value which is ebtained foer C at level 1 before the

constraints
analysiu/are applied and the term dependent

regquired by the constraints and can be added on afterwards.

A

'(i) = /_‘_._.5
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cN(5) + (’*:%;_) . oo (13)
CN(1O) - xU" ‘ﬁ)u.) ...... (14)
D) - Ny w¥e) (15)
CN(5/10)" t‘/x(f’lo) 6)( i) ssnenaili®)

on w(l) is a correctien

o
(1) .{3 represents the weight of level (i) relative

te the other levels being analysed at the same time and is a functioen




(7)

of the positions and weights of the cbservations at level (i),
We can selve the set of equations (5), (6), (12) - (16) for

Ay o o), o), 10, o075 (F10) 11 tormg ar ()

and &J(i), which can be calculated direct from the data, We need
net perform the 300-500 thickness analysis if we assume that

CN(3/5)= CN(3) = CN(5) PR TR G T

(15) then reads
C(B/S) = CN(B) - CN(B) - A&(}/S) w (5) .....(17)

and we can solve the new set substituting equatien (47) for eguetien
(15). (See appendix for details ef solution,)

This analysis has proceeded on the @ssumption that we are fitting a
quadrie surface in the neighbourhood ef the grid point at all five levels,
There are twe occasions on which this assumptien breaks dewn.

(a) When the "plane-fit" technique, outlined in Technical
Note No. 37, is being used in the surface analysis

(b) when there is no data available at the grid point under
consideration and ther equaiien hA = h, is in use.

The plane fit takes a weighted mean of several estimates of the centour
height at the grid point under censideration.

viz.
h = 2 pihie
A l
s b
whors I are estimates ef centeur haight ebtains2 from height and

ik
wind observations (i) and p, are their associated weights,
This sclutien can be ebtained by censidering the minimum ef
2
i Zpi(ha'hm)
Uiy R (10) .
under variatiens in hA' Substituting fer E in this way,

equation (9)a bscomes

a8 - .l-. x ’\; Sl P . -!.. o)
o ZP;ZP 2 ';C‘"” 2h 2

[:.;ﬂgcﬁ':=: ié?_ - a O‘OE:- :E?e>;¥1};; y Noa !DG!i.léteéafi]
= ik | -
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In case (b) the equatien h, = h, may be obtained by minimising

E = (hA - hn)2 subject to variatiens in h,. Substituting for

E(n) at any level in this way, we then obtain

gy T )=t (o (»)
NATA=1, A A7 AT = he

-1
At the surface we take é . _g(n) . /l B instead of 1

<t F:e
when using the plane~-fit, where *’8 is the weight of the background

peint, te ensure continuity of the field w(l) in the horizental.
In both cases (a) and (b) equations (12), (13), (14), (16), (17) can

. (n) (n)

be solved using the values for N and w obtained from

the above analysis in the erdinary way.

This linking of the levels is only perforimed at the second group of
levels viz:= 1000mb, 500mb, 300mb. The first scan is for checking the
herizental consistency of the data and the levels are not linked, because
the effect of the constraints is likely te raise the 1000mb heights
slightly near the centres of depressions and thus increase the prebability
of rejecting a correct observatien in the data check.

The values of x at each of the five levels are fixed for all four
scans and have been determined by experiment te produce optimum values for
the spot values at the centres of depressions on the surface chart, while
at the same time ensuring reasonable values feor the partial thicknesses in

the bottom 200mb of the model atmosphere. On this basis the values used are

x(}) R ‘X(5) i x(s/s) e

X(W) B e }{(5/10) P

The weight of the thickness analysis in S has been made emollex than these
ef the 500 er 300mb analyses, becanse where the 1000mb surface is below the
ground, the thermal wind has been derived by the eguation

LA - W
- 500 - 1000 = 1.454 (&500 i &850)

Eﬁ; = wind at pressure level n mb,

Modifications te the surface analysis

Since the surface analysis using surface data is performed simultaneously
with the 500, 300, 500-1000 thickness analyses, it may use the 1000mb
forecast field as first guess rather than obtain its first guess from =
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previously performed 1000mb U/A enalysis. (In practice, this latter
procedure seems to have been detrimental; low pressure systems which have
been well forecast have been smoothed out by the 1000mb U/A analysis, so
that t?e surface analysis has been presented with a poor guality background
field.

The first two scans of the procedure use gquadric fitting and the third
and fourth plane fitting everywhere over the field. (See Technical Note
No. 37 for details of the p%gne fit process.) The weighting function on the
third and fourth scans has/midified so that at a grid point (x,y) it is now
a function of f(x, y) as defined in the data check procedure. This is
based on the assumption that the results of the second scan will have the -
positions of all the features correct, but the actual spot values of t
centres of the depressions will still be in error. Let p = 1/(1+p r )
be the weighting function as defined in Technical Note Ne. 37. Then the

b OB Lapyn™ &7 01 61)

This is designed so that when # = 0 , the weighting function has its
original value, but as £ =+ 1 the weight of the background field decreases
relative to the observations and the distance at which an observation has
an effective weight of zero decreases, This is to allow for the fact that
the distance at which an observation is a good estimate of the height at
the grid point decreases as that grid point moves nearer to the centre of

a depressien. The actual value of the distance at which the weicht of an
observation reaches zero is about 500km, when analysing at the presumed
centre of a low i.e. 0 = 1, s0 that the smallest such feature is presued
to have a half wave length of 1000km (trough to ridge). The other reason
for using a tight weighting function near the centres of depressions is
that there can be an error in the estimate of the position of the actual
centre dus to the distribution of the observations themselves unless their
weight is reduced fairly sharply with distance, The background field has
a lower weight relative to the observations on the plane fit scans, since
it is the product of quadric fitting and the values of the analysed heights
close to low centres will be poor estimates of the final values.

Yertical Interpolation

The interpolation formalse for the three non-standard levels (6006, 800,
900) as described in Technicael Note Ne., 37 are unsatisfactory when the ascent
is celder and more stable tham the ICAD atmosphere, in that they generate
unrealistic stetic stabilities. To overcome this problem, it was decided
to fit at each grid point (independently) a polynomial functieon of log p
to the analysed heights at the bottom six standard levels of the atmosphere
viz 1000, 850, 700, 500, 400, 30Cmb. So that small errors in these values,
which might affect the resultant static stabilities, may be smoothed out, a
polynomial ef fourth order is fitted by least ssuares, giving the errors one
degree of freedom (a fifth degree polynomial itself). The values for the
analyseq heights are then derived from this polynomial for the required
levels viz 1000, 900, 800, 700, 600, 500, 400, 300mb. Since the data points
for the least squares fitting are the same at all grid points, a set of
orthogonal polynomials is generated over the six standard levels so that the
actual fitting process may be as fast as possible, It would be possible
to perform the least sduares it with the 30Cwb level fixed so that the
200-300mb thickness remained unchanged. The magnitude of the normalised
error polynowial is sufficiently small, however, for the 300mb level te
be effectively fixed in the least squares fitting. The extra time used in
solving the least squerecs problem at each grid peint with this censtraint,
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. was felt to be wasted.

6. Further modifications

6.1 It was found in practice that the 1000-900 and 900-800 thicknesses
had a tendency to become toe large near the centres of deep lows using the
original constents (as specified in Technical Note No. 37) both for
adjusting the 850 and 700mb background fields in the light of the 1000

and 500mb analyses and alse in the distance weighting functions used in the
analyses of these two levels. The distance weighting functions for the
final group of levels (850, 700, 400, 200) have therefore been tightened
up so that the data should be fitted more closely. At the same time, the
850 and 700mb background field adjustment constants have been altered te
give the 1000mb field change more weight than previously.

6.2. The geostrophic relative vorticity of the analysed height fields en
the fine mesh have been unsatisfactory in that they contain a large number
of shert wave features of significant amplitude. In any analysis system
which treats each grid point independently, the continuity ef the resultant
tield, and therefore the smoothness of the derivatives of that field, depends
on the continuity of the data between successive grid points. It has been
found that by using only the six nearest stations to a grid point, neigh-
bouring grid points in dense data areas tend to be analysed on almost
completely different sets of data and, as a result, noise on the data, in the
form of random observational errors, has been fitted as real meteorological
data, thus producing roughnesses. This problem has been overcome by increas-
ing the number of stations taken at a grid point frem six te twelve. Teo
prevent oheervations being accepted from too far away in sparse data areas,
the radius of the area from within which date may be selected at a grid
point has been reduced. (See Yitenits for mew wiuei)
The other modification econnected with geostrophic vorticities lies
in the way that the nine background points are selected near the edge of the
field. The system & choosing the points described in Technical Note No. 37
created substantial roughnesses in the field in the outer three rows ef the
analysis; this has been replaced by the following system. When within
three rectangle grid lengths of any edge, the nine background points are
taken to be those that would correspond to the point three grid lengihs
from the edgs on the sume row or column, except that the background point

nearest to the grid point under consideration is replaced by that grid
pOlnt. See Figc e




APPENDIX

Elimination of A > B from equations for C(B), 0(5)’ 0(5/10)’
¢(3/5) (10

1 6,3+ A0 (18)
o . g L (ueN) ) (19)
c(10) CN(10) = o(10) (20)
(35 CN(3) < gl A p(5) (21)
o(5/10) _ CH(5/10) Y p{5/10) (22)
v R . REE c(3/5) (23)
(5 ki) ) c(5/10) (24)
Eeuations (18) ~ (2.) are equatiens (5), (€), (42)-{4&), (1%), (47)

/
rewritten with p (i) = () i) / x’(’-)-

(21) in (23) gives
CN(5) 2 CN(5) PR Qs S L ’4.p<5) % CN(3)_ CN(5) Aptd
te.  AGY + 2®)) . g B (25)

Substituting (18), (19),

Substituting (19), (20), (22) in (24) yields
B % a0 ; e
CN(5) e CNUO) ¢ M (p'3) o« 1100y A S(5) o CN(5/10) ‘FP(S'“)'
ile: cﬂ(s) - CI"(10) 3 CN(5/10) . Al Wp(s) + p{10), (5/10)) (59
Writing K = cN(5) i cN(1°) i QN(5/1°) and substituting frem

equation (25) in equatien (26) for A in terms of ,A.

X ,N . - (p85) o S8 (510 )

p$3 4 2p(5)
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. i.e.

B ot e ki oolB
RORORRORORRORCADNPRONIDN 2p(5) p(5/10) p(5)2 )

veting D= p50)s J3)(10), L3 (/10), 5 (3)(10), 5 (5)(5/10), 1(5)°

H 0 =¥ (-P(j) b 2P(5))/D (27)

A = -Kp(5)/D

Substit{xting from (27) in (18), (19),.(20), (22)

(3 o 0.0 | x(3),05) ,p

Y
4%

0(10) = CN(1O) + K P(1O) (p(})*_ 2P(5) )/ D

o(5) c<5>, o(19) o(5/10)

’ in terms of

Hence we have obhtained

o (3) cﬁ() Cy (1“) 0}1(5/'1‘3) is P(B),pm.p‘w) p(719)

.
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The operater A represents the selution of the set of equations
L vy

A( Q. U’ for ene unknown. (i) and CN(i) can be

obtained sixmltaneously since they are the results ef the same eperater applied

te different vectors.



500mb, 300mb, T/T

Scan 1 2 3 L
F, 1.524158x1 o~ 1.524158x1 o’ 1.524158x10™ 1.524158x10™
qf 0.0625 0.0625 0.0625 0.0625
it 16 16 6l 6l
n 8 8 8 8
G' 36 36 18 18
Background 1 2hrF/C 12hr¥/C 2nd Scan 3rd Scan
200mb, 400mb, 700mb, 850mb
Scan 1 2 3
F/ 1.5204568x10™2 | 1.524158x107° | 1.524458x10™
ay 0.0625 0.0625 0.0625
T 16 16 6L
n 8 8 8
G- 18 18 18
Backgroundf Ad justed Ad justed 2nd Scan
12hr¥/C 12hrF/C

¢ The central grid point at 500mb, 300mb, T/T has a weight of §@ and at
200mb, 400mb, 700mb, 850mb it has a weight of 16 é},.

¥ The derivation of the background field at 700mb and 850mb from the 12hr forecast

field has bcen changed as follows,

Let

Then

hico

57 50

B

B
oo % Byge t

= 12 hour forecast field

= adjusted 12 hour forecast

= analysed height field

A

B i
hgso + 048 (Migog = My000

B

1 Aol A =
2 2 (500 = Hoo) + (h%4000 = B 4000 ) ?

A
) + 0.2 (hSOO ot

500)

12 statiens instead of six are used in the formatien of the errer estimate En
at all upper air levels.




Surface (1000mb)

Scan 1 2 3 b
P/ 1.524,158x10" 7 1.524158x1072 1.524158x10™2 1.524158x107%
q, 0.0625 0.0625 - -
T2 16 16 - -
‘N 8 8 8 8
(5 18 18 12 12
Background 12hx¥/C 12hr¥/C 2ndScan 3rdScan

418 statiens instead of 10 are used in the formatien of the error estimate
E and alse in the plane fit process.

There are ne changes te the constants at 100mb.
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_ (a) is the point at which the analysis is being performed.

X Rectangle grid peints
@ Backgreund peints




In the objeetive analysis of relative humidity as described in Met O 11 Techmical

Note No. 37, the assumption is made that the relative humidity for the lowest layer
£ the model is equal to the relative humidity at the surface. This assumption gave
rise to a diurnal variatiom, in the initial data, of the moisture content of the
lowest layer of the model, which in turn led to a diurnal variation in the rainfall
forecasts - those based on midnight data giving mere rain than those based on

middey data. Investigatiom has shown that over Eurcope and the North Atlantic

there is a considerably better correlation between the humidity mixing ratio at the

surface and the mean humidity mixing ratie over the lowest 100mb of the atmesphere
thsn between the corresponding relative humidities.

The analysis of the 950mb layer in the relative humidity analysis has been
changed. In the final two scans at 950&b each surfsce relative humidity observatien
within the analysis area of the rectangle has been replaced by an estimate of the
mean reletive humidity over the 950mb layer, at the surface observation, using the

fellewing formula.

R9RO = 0.8 r surface
- r
8
where
R950 is the estimated relative humidity for the 950mb layer.

r surfaes is the surface humidity wixing ratio in gm kg-1 derived from the reported

surface temperature, dewpoint and pressure. The formulae uced are
1.80551 + 17.27 Td )
)

¢ = pxp E

.5 23?0}

r surface =

where e is the vepeur pressure in mb
T, is the dewpoint in °C
p is the surface pressure in mh
ry is the interpolated value at the surface observatisn ef the saturated
humidity mixing ratie (in gm kg'4) derived from the thickness of the lewest layer

obtained from the analysed height fields. The derivation of e from the thickness is




‘hc same as used in the 10 level model itself. A description may be found in

"Changes in the Formulation of the 10 level Model ", Burridge, Gadd and White,
May 1972.

Qutside the analysis area of the rectangle the 950mb relative humidity is
assumed equal te the surface relative humidity as it is impossible te calculate

T e
8




