Egchnical Memorandum No. 12

7/)6- Joint Numerical Weather Prediction Unit

]

| - LiBRaRY

LAREBOOL
George P. Cressman .@q _
Joint Numerical Weather Prediction Unit v 6
53
o, J2

June 1957

37418

e



National Oceanic and Atmospheric Administration

U.S. Joint Numerical Weather Prediction Unit

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the image,
such as: L

Discolored pages

Faded or light ink

Binding intrudes into the text

This has been a co-operative project between the NOAA Central Library, National Center
for Environmental Prediction and the U.S. Air Force. This project includes the imaging
of the full text of each document. To view the original documents, please contact the
NOAA Central Library in Silver Spring, MD at (301) 713-2607 x124 or

www reference@nodc.noaa.gov.

LASON

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
April 13, 2004



-1-

Introduction

As the slze of the aréas_ included in mmerical'prediction increases, the
successful accomplishment of sutomatic objective a.nalysis. becomes of greater
{mportance, The objJective ana.lysis schemq used by the Joint Mumerical
Weather Prediction (JNWP) Unit for a 551 1’>oint grid centered on North Anerica
was described in (7}, Thie small grid was completely superseded by a 1020
point grid, the edges of which are shown in figure 1. The suéeésful comple~
tion of an automatic date processing system {1} was followed by the prepara-

" tion of an objective analysis program for the ié.rge grid area.

| Special Problems

The problem of erroneous;dsta wes effectively handled by the checks in
the automatic data processing progran\li These included s hydrostatic check
of all soundings, a comparison of all duplicate reports with the elimination
of non=-comparing éata, and the gross error removel procedure., These are
described in (1}.

Analysis over sparse data arcas such as the Pacific Area presented the
most difficult problem, The chief tools of the subjective analyst for attack
g?-/this problem are (a) "continuity? i.e., use 8f a short range forecast from
- the previous mep, and (b) the enforcement of vertical consistency between
aha.lyses at different levels, The successful scheme of Bergthorsson and Doos
{2} wes used to same extent in this program, The JNWP upper alr anslysis program
started with a preliminary masp which can be obtained In elther of two ways. The
preliminary map may consist of either (a) a twelve-hour Porecast or (b) & map
obtained by edding a forecast of thickness from 500-1000 mb to the latest 1000 mb
analysis. In practice, the first choice appeered to give satisfactory results,
and 1s used in daily operations. For later purposes, one must distingulsh between
the 12-hour height forecast and the 12-hour wind férece.st.
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Ancther problem was introduced by the eppeersnce of errors of large
lateral scale in the 12-hour forecast. These did not 'appea.f go much in the
wind forecast as in the height forecast., To camplicate matters further,
fhese exrrors exhibited a distinet preference for the Pacific, a sparse data
area. This difficulty wes overcmﬁe by .use of the preliminery analysis:
jrocedure deseribed In e later section,

Types of Data Used

The d=zta used in the analysis are all obtained from the magnetic tape
generated by the automatic data processing progrem. These data include reporta
from rawinsonde and pilot balloon statlomns, reports (including dropsonde data)
from the USAF Alr Wea.ther Service weather reconnaissance, and selected reports
from commercial end nilitery trensient aireraft, these latter reports hé.ving
been edited by the monitoring analyst, Vertical extrapolations from sea
level fo 500 mb are occasionally inserted by the analyst,

A certain amount of difficulty was experienced in obtaining a satisfactory
analysis near the boundaries wﬁere strong winds existed but from which no
data were avalleble. Two possibilities were open, The first was to use
. ¢limatologicel data to some extent, as described by Bergt,ho;-_sgona.nd Doos. The
. second was to use the 12-hour old information taken from a previous subjective
analysis from the National Weather Analysis Center (NAWAC). The second of
these two possibilities was used, since it was belleved that mformationnlz
hours old would be more useful then climatological data. This was then accbm-
plished by reading helghts and winds from imaginery stations for these areas.
Usually only the west Pacific boundery (plus the ‘other three corners) required

such data.
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‘The totai number of stations reporting after duplicate reports were
removed including weather reconnaissance, other aircrdft,}and the imaginery
statinms averages about 275 for this grid area. Most of these report both
heights and winds.

The Preliminaxry Analysis

The 12-hour forecast would be completely suitable as a preliminary chart
if its errors were small and random. Unfortunétely, this is n;t the case,
Although the 12~hour forecast winds are usually very eccurate, errors of
large lateral scale having magnitudes sometimes greater than 400 ft. develop
in the height field. The preliminary analysis is used in order to correct
these large-scale erroxs before the final analysis starts. This 1s done
- very quickly by the following steps.

1. A report is read in from the data tape. It is then compared with
the 1l2-hour forecast. The height error is obtained by interpolation. The

height errors at the adjacent grid points are obtained from the equation,

i,J

B, = 5 (1P - &) B | @

where Ei,j is the error to be applied at the point i, j in the grid, E, is
the error at the location of the actual report, d is the distance from the

.reporting s£ation to the grid point at i, J, and D is the maximm distance

for which it is desired to make a corréction. The errors are stored in an’

error field which is initially set to zero.



2, Some grid points will be subject to corrections from more then one
report. If an error has already been astored at a point, i, J, and enother
observation is received from a point closer then the distance D, the new
correction at 1, j is | -

E;,j = %2 [din,J + (DP-82)E,}, (2)

where E il, j is the new error to be applied at i,j. The disfance_ D is set at a
value of 4 mesh lengths. .

3. Vhen &ll the reports have been considered in succession, the error
fiéld. is subtracted from the forecast heights. The field thus obtained is
used as the preliminary height field for the analysis. The preliminary
analysis is then printed for inspection.

The time required for completion of the preliminary enalysis, :anludi.ng
printing the mep, is four minutes. All storage is checked. It should be m;ted
thet only the heights and not the winds were used. The pz‘elimiﬁa.ry fields
then consist of a preliminary height field, obtained as described above, end
a preliminary wind field wikich is the 12~hour forecast wind field.

The Final Analysis

The final analysis is accomplished by fitting the polynomial

D=a°+alx+.a2y+a3xy+a.hx2+a5y2 (3)
by the method of least squares to the data around each grid point, as
described by Gilchrisf and Cressman (4}, vhere D is the height of the pressure.
surface and a, to a5 .arel the coefficients to be determined for each grid
point from the data at various values of x end y. Actually, it is sufficien.

to determine the coefficient a,, the value of D at the grid point, where x = o,



and y = 0. The polynomial is 1t to all the data found within an octogon
having é "radius" (distance from the center to a side a.long.a perpendi’cﬁla.r
to the side) of length r.

The points of the mesh are consgidered successiﬁely in what can be called
the scanning order, The first point to be considered is: in an area of dense
data. The scanning order proceeds outward from this point in a type of
spiral, as illustra.ted in fig. 2. By scanning in this order, Jthe' octé,gona.l
area will usually include the maximum number of previously computed'points.
Three scans are made through the grid. On the first scan only actusl data
aré used to fit the polynamial. 8ix pieces of information (counting one for
each height and two for each wind) are necessary for a fit. In'ordér to
introduce some smoothing, since the déta are not perfectly accurate, ten
pieces of information including at least one height are actualiy req;ired by
the program. If insufficient data exist, no analysis is made and the program
proceeds to the next point., At the completion of the first scan & second
gcan is begﬁn- This time the preliminary heights and the previously computed
points are counted as data, but with a smaller weight. A certain minimum of
reported data is required for the anslysis at a point on the seécond scan.

The analysis is completed on the fhird scen. This time, the forecast winds
are also included as data. Grid points farther than 4 mesh lengths from any
data are not analyzed, The preliminary heights are counted as final fér

these points. The relevant parameters are summarized in tables 1 and 2.
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Teble 1. Size of Octagon
Scan r of Octagon ( in units of mesh lengths)

1 1.k9

2 2.01

3 _ 2,51
Table 2. Relative Welghting Factors

Helghts Winds |

Type : Welight Type Weight
Observed 1.00 Observed 1.00
Previously computed 0.12 12-hr forecast 0.5W
Preliminary 0.50

The welghting factor W in Table 2, which is the relative weight of winds to
heights, is determined from the casideration that 35 féet height error sre
counted equivalent to 10 knots vect‘or wind error. This value 1s designed for
analyses which are to be used in the balance equation (See Charney {3} and
Shuman {6]), as giving the best representation of the height field (Gilchrist
and Cressman [h}). If the analyses are to be used in quasi-geostrophic fore-
casting models a height of 60 ft error for 10 knots wind error is more
appfopria.te. Thé geogtrophlic equation is used in relating winds and heights,
For this reeson the analysis scheme described this far can be called a "geostro-
phic analysis" scheme,

The emount of observed data required on each scan before a vilue of E

is computed at & point is specified by the relation that

EI+5 -152 o, (3)



where T is the total amownt of observed information found within the
octagon (1 for each height, 2 for each wind), and s is‘the nunbext of the
. sean (1,2, or 35. |

The analysis, when completed is smoothed by an operator developed by
Shuman {5} which completely eliminates pertﬁrbations ﬁaving 8 wave length
of two grid intervals and leaves those having a waﬁe length ofpfive or more
grid intervals modified by less than one percent of their amplitude. Due to
the tendency of the analysislto develop some roughness on the spérse—data
f bOuﬁdarieé there is en additibnal slightly heavier smoothing done on the
boundary row and adjecent row on both the Atlentic and Pacific sides of the
grid. |

In solving the balaﬁce equation, it has been necessary to apply an

ellipticity criterion to the mitial data, given by

ta >Qf/2,

whereQCéwis fhe relative vorticity of the geostrophic wind.and f is the
Coriolis parameter. In a study of the reality of this cfiterion, Mr. L.
Carstensen of the JNWP Unit made a series of experiments in which the height
fields of subjective analyses were altered to fit the criterion. He dlscovered
for maps at 400 nb and lower that the only significant changes introdueed by
this process were.in areas of little or no data. As a result of his tests

the final analysis was required to satisfy the s&bove criterion. Although
relatively expensive in coﬁputing time, this tends to reduce the tendency of
forecaéﬁs to develop erroneocusly large anticyclones. The program for this

section was written by Mr. 0. Fuller.
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The time required for the final analysis 1s as follows:
/ : N
Final Analysis - 3% minutes
Smoothing -1

Ellipticity Criterion - 3
Printing and Punching - 2

Total - 40 minutes

The 40 minutes includes the time for a complete check of all computations
by duplication. Suitable recovery routines are provided :Ln case of computer
error.

An example of objective analysis is shown in fig. 3. This example was
chosen partly because the 12-hour forecast wé.s unusually poor In the east
Pacific, the exror smounting to almost 700 £t. at the position .of the weather
ship at 50° N, 145% W, The forecast winds in this vicinity were also very
inaccurate. The analysis 1is superimposed on the plotted date which were
available when the analysis ﬁega.n. Not all the data from Europe, the USSR,
Japan and the U.S., and Alaska are plotted because the high date density in
these areas would destroy the legibility éf the illustration. All the data
used in the analysis from C\}'a.na.da, the Arctic and the oceans sre plotted.

The satisfactory fit of the analysis to the date is evident in nearly
all a.res.s; The wind at the gulf of Alaska ship was not quite fit due to the
use of the forecast winds which were unusually bed in this case. A slight '
tendency for smoothing in the cyclonic center over northwest California is
typical of the anslysis sy;;’.tem. This can be attributed mostly to the smoothing
done when fitting the .qua.dra.tic surface. If & higher weight were given-to
winds, the presence of subgeostrophic winds :ln cyclonic areas would further

tend to £111 up cyclones in the analysis.
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A map of the differences between the geostrophic winds cbtained by
interpolation in the grid point values of fig 3 for the positionsof 54
rawinsonde statlons and the observed winds is shown in figure k. This chart
ﬁas computed by Major H.A. Bedient. The mean vector difference between
interpolated geostrophic winds end observed winds for this map was 13 knots.

Nongeostrophlc Analysis

Several schemes have.been consldered for use in obtaining & nongeostrophic
obJjective gnalysis; using the balance equation to represent the relation
.between wind and height field. The general scheme of the analysis described
below was planned and tested in collaboration with Major H.A. Bedlent, USAI;
of the JNWP Unit. The analysis consists of the following steps:

a) Perform a preliminary height enalysis using observed heights to
éorrect'a 12-hour forecast map.

b) .Solve the.baiance equation to obtain a stream function from the

| preliminary height analysis. The form of the balance equation used_is

Vy =3 [V"m +2 (gfg’ - ¥y azw) - w.w]
| Y IF 3,

where V is the stream function, ¢ is the geopotential, X and-y are directions
in the grid and £ is the Corfolis parimeter. |

c) ﬁsiﬁg tﬁe stream function field as a preliminary asnalysis, use the
- final analysis scheme described above to modify the field to fit the obéerved
winds. This is done by ignoring the heights from all cbservations and using
only the observed winds in the analysis. In order to permit solution of the
linear equations to determine a, in eqg. (2), values of the stream functions.
from the preliminary field are used as observed heights, but with a.very small

welght compared to the observed winds,
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Nongeostrophic anaiyses have been made for four different ‘maps in May,
1957. There seems to be little difference in the goodoess of the fit of
observed winds by either the geostrophic or nongeostrophic amnalysis except
in areas characterized by strong winds in curved flow, where the nongeostrophic
analysis obtains a better fit. The fit of observed 500 mb.winds from 50
United States stations averaged foi* the four maps is given in table 3,

Table 3. Vector differences between observed winds and winds interpola-

ted from different amalyses.

Type of Analysis Mean Difference
1. Geostrophic © 12,1 knots
2. Strean function obtained by

solving eq.3 from fimal geo-

strophic analysis 12.0 knots
3. Nongeostrophic 10.2 knots

Factors contributing to the differences between observed and analysis
winds are inaccuracies in the wind measurements and actual divergence in the
wind field.

The nongeostrophic analysis of stream function can be converted to a
height chart by solving the balance equation for &, given the field of V.
In practice, this is not especially helpful in getting an accurate height map
since currently used methods of solution of this equation do not permit recovery

of the height field with an error of less than several decafeet, even though

the lateral gradient of this error is very small.
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An example of the success of the various analyses in fitting winds in
cyclonle flow is glven in figures 5 end 6. The geostrophic analysis (6a)
fit the Qinds well with.the exéeption of the Caribou,Mé; wind, thch was
much slower than the geostrophic wind. The geostrophic analysis was used
to supply values of geopotential to the balance equation; which was then
golved for winds interpolated from this stream functidn map. The results
are given in fig. 6b. The interpolated wind from the Caribou position was
still too strong, but much better than befére, Héwever,.ﬁost-af the other
interpolated winds, especially from Albany, N.Y. and Portland, Maine are too
weak. The best over-all fit was obtained by the nongéostrophic analysis (6c).

The differences in wind verifications of the several analysis schemes
are not very large. Fuxrther ﬁests of nongeostrophic analyses at & different
time of the year must be made if conclusive results are to be obtained.

Remarks on the General Scheme of Analysis

The scheme of analysis used to date consists essentially of fitting
the polynomial (3) by the method of least squares fo the data. This method
was originally designed Tor an area of relatively dense data, having a certain
amount of redundency. Areas such as this, however, occupy & relatively small
fraction of the globe. Most of an area such as shown in fig. 1 is charaqter—
ized by a few widely separated observations, which ene desires to fit as
exactly as poséible. In analyzing the areas around such observations, latersal
extrapolation is involved. A least squares polynomial is ideally suited for
i?zterpolation , but not for extrapolation. The analysis scheme above made an
interpolation problem out of an extrapolation problem by using preliminary
and forecast data, with a suitable choice of weights. It is felt, howevef,

that such a scheme involves more work than should be necessary, both in the

data preperation and in the computation. The next analysis experiment will
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therefore use a quite different scheme, not very similar to either the
least squares method or to the method of Bergthorsson and Doos, but
resembling the latter more than the former.
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Fig. 2. Spiral Scan
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Fig. 5, Stream function from nongeostrophic analysis for 500 mb, 15Z, 16 May 1957
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Fig. 6. Maps of Vi - Vo, vwhere Vi is the interpolated wind from the analysis and
V, 18 the observed wind. Seame plotting model as in fig. See
(a) v,
() v 4 Trom balanced geostrophic analysis
(ec) V1 from nongeostrophic analysis

from geostrophic analysig



