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

The Procedures for Objective Analysis of Height
end Humidity Data for the 10 level model

Introduction

The initial data required by the 10 level model consists of grid point valuea
of contour height and wind components for the ten levels spaced at 100mb intervals
from 1000mb to 100mb, and grid point values of humidity mixing ratio representing
the vertical mean over each oﬂ/ggzen lowest layers of the model. The model
assumes that the humidity mixing ratio is zero for the top two layers.

This note describes the procedures used for the objective analysis of contour
height and relative humidity for both the rectangle (fins mesh) and the octagen
(coarse mesh) versions of the model. The analysis area for the rectangle hes
dimensions 66x50, and that for the octagon contains 3209 points, having 63
points across the diameter. The wind is derived from the height fields by
solving the balance and omega equalions; the humidiiy mixing ratic is obteined
from ths relative humidity and the partial thicknesses derived from the analysed

height fields. These processes take place during the initialisaticn. Relative

humidity is analysed rather than humidity mixing ratio as it is a more meaningful

quantity in relation to synoptic features such es depressions; anticyclones
and fronis.

The objective snalysis procedure uses upper air and surface cbservations of
heights winds and relative humidities and first guess grid peiat values for
21l fields being analysed « The observations undergo a number of quality
controls such as the hydrostatic check before being used in the analysis

Programmes.

Initial Background Fields

The initial first gueés (backgrouni) fields are normally modified 12hr forecast
fields, which are derived by programmes separate from the anslysis programre.
For both the octagon and the rectangle the modified 12hr forecast field is
sssumed to be an adeguate first guess in the interiér of the field, but in
both cases boundary effects make the outer few rowé of grid points unreliabia.

in the case of the octagon, the boundary values remain fixed throughout tha
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forecast period and, despite a region of high diffusion extending to the cuter
three rows of grid points, the resultant inaccuracies can be exp=cted to
penetrate some distance into the field. The octagon forecast is at present
computed first, and the rectangle boundary values are modified during the forecast
by using hourly tendencies derived from the octagon forecast, However, this
does not ensure that the resultant boundary values will be accurate, and there
is once again & region of high diffusion to limit the extent of these inaccuracies.
The field over which the analysis is performed for both the octagon and rectangle
contains an extra row of grid points round the perimeter of the forecast areca
and not even a boundary value of a forecast field is available at these points.
These additional grid points have to be present in the background field, and
therefore have to be generated in some way.
To create the initial background field of heights for the octagon, the outer
two rings of grid pointe of the forecast field are removed. These are then
replaced, one ring oﬁ/%gigts at a time by extrapolation from the interior of
the field, first in the x direction, then in the y direction, using climatological
gradients at each point} where a value may be obtained by both x and y extra=-
polation, the mean of the two resultant values is taken., The extra ring
of grid pointe, present only in the analysis area, is obtained by éxtrapolation
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field is smoothed by (1=2=1) smoothing in both the x and y directions,

The procedure to obtain the initial background field to the rectangle analysis is as
follows. First the rectangle 12hr forecast field is smoothed by (1~2-1) smoothing
in both the x and y direction and then grid point values are computed from the
octagon 12hr forecast field at the outer eight rings of the rectangle analysis

area by linear interpolation from the octagon grid. The outer eight rows of

the rectangle forecdst field are then merged with the interpolated octagen

field according to the following formula.
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m = merged background height
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o interpolated octagon forecast height

he

B varies with row and level according to the following table

"

smoothed rectangle forecast height

Row 1 2 3 L 5 6 ; 8
100mb 4.0 1.0 1.0 0.8, 0.665 0.49 0.32 0.16

All other levels 1.0 1.0 1.0 0.80 0.62 0.47 0.32 0.16

Row number refers to the analysis area of the rectangle and is (G+1), where

G is the number of grid lengths from the nearest edge.

The forecast produces grid point values of humidity mixing ratio at the seven lowest

layers of the model. Using the forecast partial thicknesses, the forecast
relative humidity field is derived. To produce background fields for the octagon
the forecast area of the field is left untouched.

Values at the grid points outside the forecasi erea ave taken to be the same

es that of the nearest grid point on the boundary of the forecast area., If

two of these points are ecui-distant from a point outside, then a mean is taken.
For the rectangle, the relative humidity background field is derived from the

on snd rectangle forecasts in exactly thesama:way as the height field.

Cbjective anzlysis of height fields

(1) General

The height enalysis procedure uses uppsr aif observations at 100Qzb, 850mb,
700mb, 500mb, 400mb, 300mb, 200mb, 4100mb; surface observations and background
height fields., The procedures for both the octagon and rectangle are similar

to that described by Bull (1966), but there are some differences in detail, and
there are also small differences between the scheme for the rectangle and octagon.
In sddition it is possible to introduce artificial observations at the surface,
1000, 500, 300 and 100mb levels and to delete or correct actual observations,
should it appear necessgary.

At every level therc are several “"mcemd across the whole field before the final

snalysis ie produced. The procedure is the same for each scan, & quadric
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‘ surface being fitted to the data and background fieid around each grid peint

independently.
The levels are analysed in four groups in the following order:-
(1) 100mb
(2) 300, 500, 1000mb (upper air data only)
(3) 200, 400, 700, 850mb
(%) 1000mb using surface data

(2) Quadric Fitting

To obtain the value of the height field at any level at a grid point, the field

in the neighbourhood of that point is represented by

Ho= ax™+by*+ 2hxy +29% +2fg+C

where (¢, YD) are coordinates in number of grid lengths (dimensionless) in

the stereographic plane with origin at the grid point. The following expression

for E is then minimized with resrvect to variation in g2, b, h, o, £, o

oy

E=5 (e 0] + Sp Gt Tl o

where H_ observed height at cbservation point in geopotential metres
L) = ;

H’B = background field height in geopotential metres
5 e £ 5 TN ; =4
Eo = observed wind at observation point in metres sec
EA = geostrophic wind al observation point in metres sec
derived from H A
v = (Ag/ef [~ 4] )

j- = Coriolis parameter
ﬂ = map magnification factor
G

= grid length at North Pole
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l/( |+ P r ) = distance weighting factor for
observations

o
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distance of observation from grid point measured in number
of grid lengths

=  weight of background heights

TsimyS ( |+ Sm¢) ( ¢= angle of latitude)

weighting factor of winds relative to heights (units of time)

e
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height at observation point calculated from the quadric.

P’ s Ny q, 5 TJ' vary with scan and level and the values are given in
the Appendix, T is scaled by Sll‘t,gé ' ‘f'SU'LC;Q) so that gradients of
the height field, instead of winds are effectively being fitted. This is
because /53 /G.f' can become large near the equator,
The summations in the first amd third terms on the right hand side of equation (1)
are taken over the nearest six (ten at the surfece) stations, with height or wind
data at the level being analysed, within G grid lengths of the grid point.
These stations are drawn from the “married list" of observations which is formed
from the following three sets of data:
(1) & predetermined list of up to twelve of the nearest land stations
swithin twelve octagon (thirty-six rectangle) grid lengths of the

rid

-~ et
il .

e

Lisl]

(2) 411 ship data within G grid lengths of the grid point,

(3) Airep deta. These ere wind only data and are used only for the
300mb aralysis where the observstion is made. between 260 and
3,0mb, within 3hrs of the synoptic hour and within G grid lengths

of the grid point.

‘These three sets of data are merged together to form the married list of the

nearest observations (up to twelve in number) within G grid lengths of the
grid point. Since aireps are wind data only, they are not permitted to replace
the nearest three upper air observations in the list; so that there is likely
to be observed height data available for the quaciric fitting procedure. The

married list contsins up to twelve observations so that it is probable that
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. at any level six (ten at the surface ) will be found with data. G varies
with level and scan and is tabulated in the Appendix.
The summation in the second term on the right hand side of equation (1) is
taken over nine grid points of the background field. When the background field
for the octagon is read into the analysis programme, it is expanded. inte a set
of grid point values over a 63x 63 square by extending any row shorter than
63 grid points along the x direction, copying the boundary value into each of
the extra points created. Then if the grid point is not on the edge of the 63x63
square the nine points are as indicated in Fig. 1(a), and if it is see Fig.41(b). This
means that a . grid point lying on an edge of the octagon analysis ares which
slopss at 45° relative to the coordinate axes, will use three of the created
background points from outside the analysis area.
For the rectangle, nine background points are still used, but they are on a
grid of the octagon grid length. See Fig. 1(c). Similarly Fig. 1(b) applies
rectangle grid lengths of the edge of the grid and (d) applies if the point
is within three grid lengths of two of the edges simultaneously.
(Fig. 1(d) is the case where the point is at the top left hand corner of the
grid.)
Minimising E with respect to variations in &«, b, ¢, h, g, T

i OELNE M ME.LMEGDE LD
- Y = X oo i

5o 9b ot .oph o9 - of
yields six lincar simultaneous egquations in these six unknowns, which are then
. solved by the method of pivotal condensation. This gives a2 value for HA
at the origin, which is the grid point being analysed.
Where no height cbservations are found within G grid lengths of the grid point,
the heiéht is set equal to the background field value at that grid point.
It has been found thet with only one observation of height, the surface fitted
tends to be an unreliable estimate of the field in the region of the grid

point and so in this case the following formula is used.

Hy= PHot aHs | (12)
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where p is the distance weighting factor for the observation
H. is the observed height
q is the weight of the background field at the grid point being enalysed
HB is the value of the background field at the grid point being analysed.

(3) First and Second Scans including Data Check

The first scan is used to produce a preliminary analysis for checking the horizontal
consistency of the data,

After this scan has been mde observations are compared with the analysis ard
"where a difference exceeds a criterion dependent upon the level being analysed
(see Appendix) the observation of heightvor wind is rejected., There are also
differences in the height criteria between ships and land stations which are in
sparse dats areas, and stations in dense data areas., Observations from the
former are allowed to differ from the first scan by a larger amount than
observetions from the latter. This is to avoid the rejection of & correct
piece of date which may be the first indication of & new synoptic [feature

not present in the forecast field., Also a less strict criterion is allowed
for artificial upper air height observations.

In order to compare.an observation with the analysis produced by the first scan

the heights and geostrophic winds are interpolated linearly from the four

surrounding grid points. If O is an observation (see Pig.2) surrounded by
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In general if & height or wind observation is rejected for a particular level
it is removed from the data for all subsequent scans for that level. However
in order to improve the vertical consistency of the final analysis a height
observation rejected at any of the levels 300, 500, 1000mb, causes the observation
to be rejected at all levels cxcept 100mb.
Having removed data rejected by the first scan a second scan is made using the
same set of constants.and background field as in the first ascan,

(&) Third Scan including Curvature Correction

In the quadric fitting procedure the winds which are fitted are assumed to be
geostrophic. In the first two scans the observed winds are used, but these
lead to some errors caused by the geostrophic approximation. After the second
gcan a correction is made to the observed winds by assuming that they are

-

gradient winds and replacing them in the quadric fitting procedure by the

eguivalent geostrophic wind using the formula
A = V v 3
geos grad (1 + _grad g
Rf

where R is the radius of curvature of the contour which is sn approximaticn
to the radius of curvature of the trajectory at the observation. To derive
R 2t the observation points, a field of R is generated at the grid points
using the second scan of the height analysis in the following way.

Ifr ( *9\ ig a field of heights, then the radius of curvature of & contour

r
e \."')3/ = constant is given by

= d*y /%

5
™ 1+ Cdu/de)*) 72 2

( "\(.‘J%g) = constant implies Y = 3(117-) )

Using the finite difference form for the derivatives (see Fig. 2).

(aF;).. h -h4 . (aaij').f“ hy ~hg ete.
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where (. = a-l IB = grid length in metres, yields the formula

(%)= [ 2 Ch=hyY' Chithe=2hs) + (ni=hg Cher hi=2hy)]

_— (h‘—k‘)( ‘12" h?) ("\}"‘ "3"' l‘,"‘ "\q )J /
{ Che=hgY + Chy=he*§ 2 (6)

.

( ‘\i refers to the height at grid point UL in Fig. 2)

Ifr l L/R‘ > |0 (i.e. if the radius of curvature is less than one tenth
of a grid length) then L /R is set equal to = 10 depending on
whether { /R  is positive or negative., The value of R =t an observation
is determined from the grid point field of R by linear interpolation from
the four nearest grid points. The method of interpolation is identical to
that used for heights in the data check. For the upper air levels, to prevent

excessive corrections tc the cbserved wind the factor

(1+ Vomd/R$)

is only 2llowed to have values between 0.75 and 1.75; if it is outside this
range it is set to the nearer of these two limits. At the surface these limits
sare 0.5 and 2.5 respectively, since air trajectories at the surface tend to
have larger curvature.

A third scan is then made through the field using the grid point field roculti
from the second scan as a background field. The purpose of the second scaf
was to obtain the correct general height level, and the purpose of the third scan
ie to fit the winds more closely and for the rectangle particularlxjgbtain a smooth
field. The latter are accomplished by the use of a distance weighting factor
which decreases more quickly with distance from the observation than that used

in the second scen. This means that the quadric is effectively being fitted over

s smaller area surrounding the grid point and since a height field only
approximates to a guadric over a limited a;ea the data near the grid point will

be fittesd more closely, giving a better approxiﬁation to the true height at

the grid point. This also means that the gradient between adjecent grid
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points will be nearer the true value so that the resulting analysis fits

winds more closely. Also on the fine mesh it avoids roughnesses in the

field caused by different shaped surfaces being badly fitted to slightly
different sets of data around adjacent:grid points.

On the octagon at 100mb the distance weighting factor is the same for each
scan as this has been found to give a satisfactory apalysis in operational use.

(5) Details related to specific groups of levels

() 100mb

The 100mb analysis presents problems spscific to that level; the height
obscrvationé are subject to quite substantial random and systematic
errors which cause them to be inconsistent with the wind observations.
However, the field tends to change more slowly than at other levels so
thet the 12hr forecast field can be treated as gquite a good first guess
to the analysis.

To take account of the systematic errors in the height observations,

all ascents are corrected using the British radio sonde as standard.
Proportions of these systematic errors are also applied to the levels
500, 400, 300, 200rb,

After the sonde correction, there are three scans at 100mb a&s at all
other groups of levels, Then, becauese of the inconsistencies belween
the height and wind data, there is a rourth scan at i00mb using wind
data only)before the final analysis is produced.

After the final (fourth) scan all the height observations within the
snalysis area are compared with the analysis field snd the differences
sre presumed to represent the random errors. If an error excecds 4C
decametres the height observation is rejected at all subsequent groups
of upper air levels, Otherwise the ascent is sdjusted using the following

constants, down to 500mb

/
F‘L = “Lc_"' pL RE ~ (7)
F\{ = height at level ¢ pta constant for level &
/

= adjusted height at level L RE = 4100mb randoir error
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Level 200mb 300mb 4,00mb 500mb

ﬂc 0.71 0445 0.31 0.17

NB the same constants are used to make the systematic corrections.

(b) 1000mb (upper air), 500mb 300mb

These three levels are analysed together with the usual three scans. If
there is no 1000mb wind present on the ascent, it is computed from the

following formula:=-

View = Usoo = 111484 (Vg —Ves) (8)
The background field point corresponding to the grid point under
consideration is given eight times the weight of the other eight back-
ground points in the second term in E. This is te try and fit detail
which is only contained in the forecast fieliad

(e¢) 200, 400, 700, 550mb

There is no 12nr forecast field available at 850mb to be used as backe
ground field for the first two scans, so this is produced by taking the
mesn of the 800 and 900mb forecast fields at each grid point. Then

the twelve hour forecast fields at these levels are adjusted according

to the following formiae,.
&
(%
8

Let

i2 nour forecast

r
L

/
5

a
s

"

adjusted 12 hour forecast

analysed height fields

RS = Ryt ';{ck*,.,.-—h”w(k‘ b} (5) (s)

290

7 8
(2= s+ 2] (-0 +(he Re)] (9) (&)
o= Ry + 2 (he—hg) + % (k) — h?m) (9) (e)

<7 :
P = hig + & (o higge) +2 (W hE,) () (@
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These adjustments to the initial background fields are made for two

reasoﬁs;
(a) to improve the verticel consistency between the eight analysed
levels of the model;
(b) to ensure that artificial data, which is only inserted at the
four monitored levels of the model - viz 100Qmb, 500mb; 300mb,
100mb - has some effect at the remaining four levels.
There are three scans at this group of levels, and the backgrourd field
point corresponding to the grid point under consideration is given
sixteen times the weight of the remaining eight background points, so
that the modifications to the initial background field will be reflected to
some extent in the final analysis.

(d) Surface Analysis

Finally the 100Cmb ficld is analysed using surface reports, with the
1000mb upper air anelysis as initial background field. The surfeace

pressure reports are converted to 1000mb heights using the foruula

r,_ 1000 = 040029259 (p - 10000) Tg (10)

Ts

P

surface temperature in degrees absolute

surface pressure in tenih a mi

r 3 :
ef a millibax

Wind reports are used from ships only, since those from land stations

are assumed not to give an sccurate indication of the gradient.

There are five scans altogether at the surface of which the first three
are the usual gquadric fitting procedure; ten observations with date
instesd of six, are used in the summations in E (see equation (1)), to
overcome the reduction in data caused by the neglect of wind observations
from land stations. The background point corresponding to the grid point
under consideration is given a weight of eight times that of the other
eight points.

The last tWo scans are "plane-fitting" instead of quadric fitting, es
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it has been found that the quadric fit procedure tends to underestimate

the depth of surface lows quite considerably.

The procedure in the plane fitting scans is as follows; given an
observation of h (height), u, v (x, y components of wind) at

(x, y) relative to & grid point, then extrapolating the observed gradient

to the grid point yields a value of Fv.(;.

he = h + o'f/ps ( ol U’x') (11)
he.

o

a‘

From the collection of observations in the married list a weighted mean

height at grid point [8 = map magnification factor

grid length at North Pole

"

coriolis paramecter

/
F\G. is obtained where

he= Z phe /2 b (12)
For the octagon:= P: (l/(:47%;‘@'"))(‘/(H‘ZCI-E)V}BZW"'))

b SN 7 A T L (142 (e /ap™))
p=\V/{I+tpPpT//\Y LL e
I is the position vector of the observation relative to the grid point
on the stereographic plane g is the wind vector at the observation point.
P/ is as tebulated in the Appendix. . The background field
for each of the plane~fitting scans is the analysis {rom the previous scan.
Writing P as the background field value at a grid point

e K he+ hg :
ha ‘T%‘E“ (13)

where K:‘-ZF/"S-

if ‘ hB" l",G-' > 150, then K is multiplied by
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150
| x> hal

in the above formila,

If an observation in the married list has no height it is ignored; if

it has no wind, then the value of F‘G— 7iven by that observation is
QG_:- F\B-i- C kc— F‘xm) (14)

where C\mr = height interpolated from the analysis field
(see data check)

P\e = height at the observation

"
®
i

background height
The weighting factor
b= l/(l‘*‘b/rn/i_")
At the end of the second “plane-fitting” scan at the surface, inere are
now height fields at
1000( surface and upper air), 850, 700, 500, 400, 300, 200, 1GOmb.
To obtain the fields at 900, 800, 600mb the following interpolation

formlae are used

3
ook .
R = 0371k R oo+ 0.6286 gy + 3065 (15) (=)

VA .
e
o

{8}

0.7051 [ geg * 0203 fupge + 34:615  (15) (%)
0.566 [ 100 + 043k fuspe + 83.0 (15) (o)

I

Then the difference between the 1000mb (surface snalysis) and the 1000mb
(upper air analysis) is calculated at every grid point.
Finally the upper levels are corrected according to the following

formla (u)

FL/r\.z C"nr\"*' 0‘%"")( h(zoo = h 1600

F‘n" original value of height at K x 100millibars

’
F"\ = corrected value of height at R x 100millibars




(w)
F; 1000 Upper air 1000mb analysis

(s)
1000

i

= Surface 1000mb analysis

These corrected fields are the final output of the analysis programmne

at the ten levels.

L.0bjective Analysis of the Fields of Relative Humidity

(1) General

An analysis of relative humidity is required for the seven 100mb layers centred

at 950, 850,40000eee350mb, The procedure is the same for both the rectengle

and octagon versions of the 10 level model.

The analysis makes use of upper air and surface relative humidity datas together

with 12hour forecast fields of relative humidity. The forecast gives fields

at the seven layers required but the only upper air relative humidity observations

which are uged are at the standard levels 1000, 850, 700, 500, 400, 300mb. Rather

than analyse data at the stendard levelsand interpolate the forecast fields,

the layers required are analysed directly and the upper &ir cbservaiions aie

interpolated in the vertical from the standard levels to the lsyers reguired

by the model befere the horizontal analysis takes place. The following

formilee are used:=

2

geg > 3B

1
1000 ¥ 3 Beso

1

v
Raso = Zgso

ot L2
R =% Bacp %2 Ranos OF
. 3 4
R650 o R?OO < i R5OO or
4 2
Rogo ™ % Bq00 1% K %s00 &
R = X R 4 - R or
150 2 500 2 400
of R
R y A 1
350 2 Ro0 + -§R300 or R

=R oo ir Ruo00

available and RBSO

missing

if R1OOO

R700 available and "500 missing
(I

700 missing

0

if Reog available and ®

2R available and R

500 Liop Phasing

available and R500 missing

£ RbOO if R#ooavailable and R500

missing
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or R}SO = R500 11 R}OO available
i |
and RhOO migsing
|
or Ryoq = Ry if Rgyy available and i
both Rl;.OO and R_7;OO missing

In all other cases the interpolated relative humidity is set as missing data.

Esch layer is analysed independently and like the height analysis the analysis
of a given layer consists of a number of scans through the field in which
values are obtained for the relative humidity at each grid point from the
observations surrounding that grid point together with a background field. All
the layers are first analysed using upper air data only. Surface data is used
in the 950mb analysis at a later stage. Two scans are made through the field
for each layer. In the first scan the background field is the modified 1Zhour
forecast and in the second scan . the analysed {ield resulting Trom the
first scan. is used.

(2) Method of analysis for each grid point

The value of the relative humidity at each poiht is found by taking a weighted
mean of the surrounding observations together with the value of the background
field at the grid point concerned. The following formula is used:=-
Al - oo e ey e L N
Rg=(5 Pif + 3 Ris)/ (v
\1S/
where the sum is taken over the six nearest observations within G grid lengths.
‘The value of G (see Appendix) depends on the scan number and the grid length.
Rg is the analysed value at the grid point
sz is the value of the background field at the grid point being analysed
g is the weight of the background field
th

Ri is the 1 observation of relative humidity

Py is the weighting facter for the ith observation.

¥
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}
PF | + P’ || ™ 4 1000 ((YRQL-I'L):"

where
I:::C&',,gg) is the position vector of the ith observation relative to
the grid point being analysed in units of grid length,
(YRB)L is the interpolated value at the ith observation point of the
gradient of the background field,
f i b é_@b) . (6&)
(VR))-xi = =i (a:c R YV
whe
- ((}3‘9): S ( Rb"" Rbg) -+ (*""S)(Rb“" RbS)
oX’%
(é_&,) = R(Ry,- Rb:’) + (1=R)(Rys™ Rbg)
2y %

Rbf’&‘ > Rb1 ,ebg are the values of the background field at the four
grid points surrounding the observation (see Fig. 2) R, S are the distances

in the x ard negative y directions from the point R\’SO is the observation,

" The effect of the term P, !I‘sl i in the weighting fector is te
weight nearer ovservaticns more heavily than farther cones. YL  varies with
the scan number being equal to 4 in the first scan and & in the second. This
results in the weighting factor decreasing more quickly with distance in the
second scan. The first scan ig intended to give the general level of
relsive humidity and the second to fit the deteil. The value of P, depends
on the scan number and grid length and is given in the Appendix. The gradient
term 1000 (YRb)i.f;‘uas the effect of weighting an observation more heavily
in a direction parallel to the isopleths of the background field than in a
direction perpendicular to them, and as the term dependsion the magnitude as
well as the direction of the gradient, this effect is more pronounced when

the isopleths are closely packed. In this way the shapes of features in the
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forecast field such as fronts which show up #s a narrow band of wet air

mey be preserved in the finsl analysis. Even if the forecast front 1is
slightly displaced, as lohg as its orientation is correct this procedure will
help to analyse the front in the correct position if there is at least one
observation in the frontal zone.

As elready stated this procedure of finding a weighted mean of the observations
surrounding a grid point is executed for all the points of the field to form

a scan., Two scans are made through the field for all layers simultaneously
using upper air relative humidity data only, the background field for the
second scan being the result of the first.

(3) 950mb Layer

Two further scans are then made over the 950mb layer using surface relative
humidity data derived from the surface temperature and dew point. The procedure
is the sams es that for the upper air data. The background field for the first
surface scan is the 950mb upper air analysis, and that for ihe second scan

is the field resulting from the first surface scan. No adjustment based on
the final 950mb analysis is made to the upper layers as the vertical structure
of relative humidity is so variable. The final analysis therefore consists of
the upper air analysis for the layers from 850mb to 350mb and the 950mb

en2lysie based on surface data.
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' is an observation point with coordinates (R,S) in the x and negative y
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P

Octagon 1 00mb

Scan 1 2 3 A
p' 0.0116411532 0.0116411532 0.0116411532 0.0116411532
9, 0.125 0.125 0.125 0.125
. e 16 16 16 16
n L 4 L L
G- 12 12 6 6

Background 12hr F/C 12hr ¥/C 2nd Scan 2nd Scan
Remaining U/A levels

Scen 4 2 3

'P" 0.001 0.001 Vel

QV 0.0625 0.0625 0.0625

y 16 16 6l

n 8 8 8

G 12 12 6

G is in grid lengths

s Lon
12hr F/C

2 -/
12hr F/C

(1)




Surface

Scan 1 2 3 L 5

b’ 0.001 0.001 0.1 0.186 1.86

ar 0.0625 0.0625 0.0625 —en -

. 16 16 (SN - -

n 8 8 8 A L

G. 12 12 6 6 6

Backgrourd 1000mbU/A 4000mbU/ A 2rdScan 3rdScan LthScan

Re jection Criterie

Heights

Observation rejection if I Height (observed) == Height Calculated l> X metres

A
Lend data (U/A except 4100mb) 60
Land data 400mb 70
Sparse dats areas U/A 120
Surface 100
Artificial observations U/A 240
Winds
Uppesr Air Observation rejected
-4 2 2 =2
for _vobs< W een if (vcal = vob:s) 2 400m soc
el = =~ 7 P | 2 g
4O msee &L Voo Bg 80 msec (v o ,obs) > v
-4 2 2 =2
V y > SOmsec (Vcal - vobs) > 1600m sec
2 B,
Surface (v ey vobs) > 225m sec



Rectangle
100mb
Scan 1 2 3 L
b’/ 1.23L567x10™ | 1.234567x10 | 1.524158x10™7  |1.524158x1 0™
q 0.125 0.125 0.125 0.125
;i 16 16 16 6l
n N 4 8 8
G- 36 36 36 36
Background i2hr F/C 12hr F/C 2nd Scan 3rd Scan
Remaining U/A levels
Scan 1 2 3
!3/ 1.524158x10~7 | 1.524458x1077 | 1.524158x1 02
% 0,0625 0.0625 0,0625
'Tz 16 16 64
n 8 8 &
G 36 36 36
Background 12hr F/C 12hr F/C 2nd Scan

0

ig in grid lengths




Scan 1 2 3 4 5
P d 1.52,158x10™7 | 1.524158x1077 | 1.524158x1 07 | 2.296x1077 | 2.296x107%

q, 0.0625 0.0625 0.0625 - -

T 16 16 N _ .

o 8 8 8 i I

& 36 36 36 36 36
Background | 1000mbU/A 1000mblU/ A 2nd Scan 3rd Scan 4th Scan

Re jection Criteria

Heights

Observation rejected if IHeight (observed) = Height (calculatcd), > X metrea
X

Land data (U/A levels except 100mb)
Land data (100mb)

Sparse data (U/A levels except i00mb)
Sparse deta (100mb)

Surface

Artificial observations U/A

60
70
120
90
70

240

Vinds
Upper sir Obsarvation rejected
£ ¥re < 40 msec ! ip (vcal - obs}g $ 400 Wonch
MO Vi, & 80 moec” (Vs ilab)® s .3 Vs
Avobs > 80msec (Vcal - vobs)z > 1600 m sec
Surface
(vcal - obs)2 > 225m23ec-2



Humidities

Rectangle Octagon
Scan 1 2 1 2
Y4 0.01 0.01 0.81 65.61
9' 0.2 0.2 0.2 0.2
Yo N 8 - 8
- & 9 3 3 1
Background 12hr F/C | 1st Scan 12hr F/C 1st Scan
field U/A
Background 950mb U/A | 1st Scan 950mb U/A 1st Scan
field surface surface surface




R (earth's radius)

a (grid length at pole)

4

2
£
&R

CONSTANTS
= 6367.3 km
. 326,683,635 m  (Octagon)
= 108,8%.545 m  (Rectangle)

9.8 rnseac“2

n

314159

107 x 3.29043 (Octagon)

10™% x 0.365604 (Rectangle)
1

0,412508 sec
-é,ﬂ a sin B{1+sind) (Octagon)
= 1.237525 - (Rectangle)
sind(1+sing) sec
where /3 = map magnification factor
2
= 1+sind
Jo = latitude

1 knot =

2) Wind components u , ¥
u = «Vain
v = «Vcos

A

1.9425 metres ssc '

Useful Formilae

Latitude § and longitude © in terms of x, y of grid

= 0.5 + ?§x2+x2!

&r*

.......... peed V snd direclion A

(ef ~( 8 +35))
(ot =( B +35))
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