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In the ECMWF archlves, the flelds of geopotentlal, temperature, humidity and

u, v and w wind components are stored as spherlcal harmonic coefficients, and
these are packed 4/60-b1t word. The flelds are fltted w1th spherlcal harmonics
up to trlangular truncatlon T80. For the analysis flelds, ‘all T8O coeff1c1ents
are stored in the-archives, whlle for the forecast only the T40 subset of

coefficients is stored.

This paper describes @ study of the effects of packing and truncation on the

accuracy of various fields derived from spherical harmonic coefficients.

1. u-VELOCITY AT 500 MB

1.1 Packing errors

The effect of packing was determined by comparing the maximum absolute error,
‘and rms error at each latitude for grid point fields derived from T80 coeffic~

ients which had been

(i) . packed 4/word.
(ii) packed 3/word

(iii) packed 2/word

The "'grid point: field derived from T80 coefficients which had not: been packed was
taken to’ be the correct field:  “(Since the‘original u grid point field'is
staggered relative to the derived .u field, it is not possible to ‘compare the

new and old fields directly to get error - estimates):

In the examples below, I will generally give 2 tables; the first showing the '’
worst errors at any latitude, and the second showing the errors at the eqguator.
For all flelds selected, the errors were smallest in equatorlal regions, while
the maximum errors occurred sometlmes at hlgh latitudes and sometlmes in mid-
latitudes. Accordlngly, it is easier to get an 1mpressron of the relative

error levels of the dlfferent packlng and truncatlon methods by comparlng them

in equatorial regions.
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Table.i.‘! Weret etfere of45bO mb ﬁ due‘tobpaekihgl

Paeking_ ’Asi Max abs error : 4"Letitﬁde ' ’h rms error o .”fLatitﬁdé;h
4/word - - - 10,1131 m/sec cnoo-88.125°N 0 . 4.5160. m/secm~ .. 88.125%N.
3 /word 0.3039 m/sec 88.125° 0.1328 m/sec. . -.88.125°N-

2/word 0.0002 m/sec 88.125°N 0.0001 m/sec 88.125°N

Table-2. Errors-of: 500.mb.u at: equator .due: te packing

Packing Max abs error . ¥ms error
4 /word 0.0453 m/sec 0.0124 m/sec
3fword 70,0019 m/sec’ UUi070004 mysec it

3/word " 0.0000 m/sec T 0.0000 m/sec
The large errors with the 4/word packing are confined to a region close to the
north pole. The maximum absolute error is 5 m/sec at 86}25°W,.35m75ec‘at 84°N,

2m/sec at 80°N and less than 1 m/sec everywhere south of4739N.,3;;,4

1.2 Truncation errors

The -effects of,truncation;were;investigated by*inspecting»gridtpoint,fielde;which
had been retrieved‘at;differentetruncationsfrom;spegtral;coefficients which had
never.been. packed.: Tables3 and 4. show the errors- for..T60 /T80 (i.e+: the.grid...
point field retrieved at triangular-truncation T60 from coeffieientS~which?werea‘
originally fitted at T80), T40/T80, T40/T40,‘T30/T30 and R20:40/740 (where

R20:40 ieuthevfield,retrieved,by‘the.summation,aw,uk~j

C1200 AL e e PO L tees D mBiTa it D
% Z of the product of the spectral coefficients with the Legendre
polynomlals. ThlS is the form in whlch the Research Department verlflcatlon ‘

programs retrleve the grld p01nt flelds)



Truncation

T60/T80
T40/t80
T40 /740
T30/T30
R20:40/T40

Truncation

T60/T80
T40/T80
T40/T40
T30/T30
R20:40/740

Table 3. Wofét érrofs'afvsooiﬁb u due to truncation ‘

Max abs

5.2695 m/sec
18.5911 m/sec
5.6298 m/sec
7.2268 m/sec
7.1185 m/sec

Table 4. Errors of 500 mb u at equator due to truncation

erroxr

88.125°N
88.125% .
31.875°N
31.875°N
31.875%

. YIS error

2.4675 m/sec

~ 10.7790 m/sec

1.6388 m/sec
2.2782 m/sec
1.6388 m/sec

Max abs erroxr

0.3530 m/sec”
0.7588 m/sec
0.8762 m/sec
1.6622 m/sec
1.2136 m/sec

rms exxor -

‘Q,3134”m/sec
0.6574 m/sec
0.4177 m/sec

0.1469 m/sec
0.2671 m/sec

Latitude

88.125°N

- 88.125%

88.125°N
46.875°N
88.125°N -

For all fields except velocities, the fields retrieved at truncation T40/?4O

were identical to those for T40/T80. The u velocity however showed significant

errors in pdlar.regidns‘whenk retrieved at a truncation other than that“originally

fitted.

1.3

Divergence and vorticity

The errors caused by packing the coefficients of u were significantlyrtéduCed

by storing:instead the coefficients of divergence and:vorticity. -u and v

coefficients can be derived from vorticity and divergence coefficients using.the .

relations
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Tables 5 and 6 show the errors due to packlng for u. flelds retrleved at T80
truncatlon from T80 fitted dlvergence and vortlclty coefflc1ents They are

much smaller than the correspondlng values in Tables 1-and 2.

Table 5. Worst errors due to packingTin‘SOOlmb u derived:from .
< -vorticity and.divergence

Packing . o Max. abs. error Latitude rms., erxor . .. Latitude |
4/word 0.0187 m/sec 88.125°N 0.0116 m/sec 88.125°N
3/word ©70.0005 m/sec - - -gg8.125°N - - -0.0004 m/sec ' 88.125°N

Table 6. Errors at equator due to packlng 1n 500 mb u derlved from
vorticity and dlvergence '

Packing Max abs error . .XmS T error
4 /word 0.0046 m/sec: - EFO.0019'ﬁ/sec .
3/word 0.0001 m/sec 0.0000 m/sec

However, the errors caused by retr1ev1ng the u fleld at a. lower truncatlon .
than that used to fit the dlvergence and . vort1c1ty were 1dentlcal to those

shown in Tables 3 and 4,

2. v-VELOCITY AT 500 MB

2.1 . Packing errors.

The errors due to packing:wereinvestigated by comparing:v:grid point:fields:::
retrieved at-triangular truncation T80 from:coefficients-which had-been packed:-. -
at differing densities with the grid point field retrieved at T80 from
coefficients which‘had‘not been;paoked. (Agaiﬁ;~the derivedvvég%id'point,ﬁield
is staggered relative to the original v field, so it is‘not possible to R

compare the new and old fields directly.) .

Table 7. Worst errors of 500 mb v due to packing.

Packing Max abs error Latitude .. . rms error . . Latitude
4 /word 2.5045 m/sec 88.125°N 1.1185 m/sec 88.125°N
3/word 0.779 m/sec 88.125°N 0.0366 m/sec 88.125°N
2 /word 0.0001 m/sec 88.125°%% © ' 0.0000 m/sec ‘



Table 8. Errors of 500 mb v at equator due to packing

Packing Max abs error _Yms error

4 /word 0.0104 m/séc '0.0032 m/sec
3/word 0.0003 m/sec 0.0001 m/sec
2/word 0.0000 m/sec 0.0000 m/sec

The significant errors with the 4/word packing are confined to a region close
to the north pole. The maximum ébsolute erroriis 1;2 m/sec at'88.125°N,

and less than .5 m/sec at all latitudes south of 80°N.

2.2 Truncation errors

The errors due to truncation were inspected for grid point fields retrieved at '

truncations T40/T80 and T40 /740 from coefficients which had not been packed.

Table 9. Worst errors in 500 mb v due to truncation

Truncation Max abs error Latitude rms error Latitude
T40/T80 4.5137 m/sec 50.625°N  1.2658 m/sec = 88.125°N
T40/T40 5.0000 m/sec 50.625°N 1.5353 m/sec. .. ‘88,125QN,

Table 10, Errors in 500 mb v at equator due to truncation i

Truncation Max abs error . .YrmS- erroxr
T40/T80 .7344 m/sec © ,1954 m/sec

T40,/T40 .7834 m/sec ~ ~  .2217 m/sec
The errors for T40/T8B0 are almost everywhere slightly smaller than those for
T40/T40 (which was ngt‘the'case for u-velocities). Also the error due to

trundating to T40 is everywhere greéter than the error due to packing.

2.3 Divergence and vorticity

The errors due to packing. were reduced by deriving the v grid point field

from coefficients of divergence and vorticity.



Table 11.

Packing

4 /word
3/word
2/wozxrd

Tabie‘12.

Packing

4 /word
3/word
2 /woxd )

The errors due to truncatlon were 1dent1cal to those for grld point

‘Worst errors. due. to packing in 500 mb V. derlved',:~

from divergence and vorticity

Max abs error

.0378 m/sec
.0012 m/sec
.0000 m/sec

’Latitﬁde

75 N

78 75 N

'"rﬁé“érior°"
.0141Hﬁ/seq
‘.OOOSVm/sec

.OOOOkm/sec

Errors at equator due to packlng in 500 mb v

derived from vorticity and divergence

Max abs error

0.0081 m/sec
0.0003 m/sec
O.QQOO m/sec

derived from v coeff1c1ents.

3.+  VERTICAL VELOCITY AT 500 MB

3.1 Packing errors’

rms error

0.0018 m/sec
0.0001 m/sec

0.0000 m/sec

Latitude
88.125°N
88.125°N,

fields

Fields retrleved at trlangular truncatlon TBO from coeff1c1ents packed at

different den51t1es were compared w1th the orlglnal vertlcal velocity grid

point field.

Table 13.

Packing

4/word
3/word
2/word
1/word

Takle 14.

Packing

4 /word
3/word
2 /word
1 /word

There was nc detectable effect due to ‘packing. .-

Worst errors of vertical velocity due to packing

Max abs error

-0656 pascal/sec

Latitude

88.125%

rms errxor

Latitude

.0382 pascal/sec 88.125%

Errors of vertical velocity at equator

Max abs error

.0069 pascal/sec

rms error

.0021 pascal/sec



3.2 Truncation errors

Fields retrieved at truncations T80/T80, :T40/T80 and T40/T40 were compared with

the original vertical velocity field.

Table 15. ‘Worst errors: in 500 mb w  due to truncation

Truncation Max abs -errox Latitude rms error - Latitude -
.TBO/TSO .0656 pascal/sec 88.12505 .0382 pascal/sec 88.125%s
T40/T80 - . - .8077 pascal/sec 39.375°N .1216 pascal/sec 39.375°N
T40/T40 .8077 pascal/sec 39.375°N .1216 pascal/sec 39.375°N

Table :16. ~Errors of 500 mb w-at eguator:due to,tfuncation.

Truncation Max abs error Yms error

T80/T80 .0069 pascal/sec .0021 pascal/sec
T40/T80 .0978 pascal/sec .0213 pascal/sec
T40/T40 .0978 pascal/sec .0213 pascal/sec

The field derived at truncation T40/T80 is: identical tothat -derived at T40/T40.

The errors in -the vertical :velocity field'are due only to truncation, mnot-packing.

4. TEMPERATURE AT 500 MB

4.1 Packing errors

Fields retrieved at triangular truncation T80 from coefficients packed at

different densities were compared with the original temperature grid point. field.

Table 17.--Worxrst errors in 500 mb T -due to packing

Packing Max abs error Latitude " ¥Yms erroxr » ‘Latitude
4 /word .8086°K 88,125 - .2829% 88.125%
3 /word .8341% 887125°s .2943% 88.125°%s
2/word .8324% . . 88.125%s .2936%K ? 88.125%

1 /word ‘ .8324% - - 88.125°g .2936%k 88.125%s "

Table 18.. Errors of 500 mb T at equator due to packing

Packing Max abs error rms error
4 /word .2097% .0595%
3/word .1796% .0531%
2 /word .1794% .0531%
1/word .1794% .0531%



4.2 Truncation errors

Fields retrieved at truncations T80/TB0; "T40/T80 ‘and T40/T40 ‘wete coripared -

with the original temperature grid point field: :

Table 19.: Worst errors in 500 ‘mb T due to truncation

Truncation.: Max abs error Latitude rms error = Latitude
T80/T80 - - .8324% 88.125% 2936 88.125%s
T40/T80 . - 1.5736% - 73.125% ~=.6653% 86.25%
T40 /T40 - 1.5736% - 73.125% ~:.6653%% - 86.25%%

Table 20, -Errors of 500 mb T at equator due ‘to truncation:’

Truncation Max abs error rms error
T80,/T80 .1794% » .0531%
T40/T80 .5586°K a0 113769
T40/T40 .5586°K i 13769K

The errors in-the temperature field could be reduced by packing the'coefficients
3/word instead of 4/word, but the error due‘to packing ‘is-significantly less

than that due to truncating to T40.

5. GEOPOTENTIAL AT 500 MB

5.1 Packing errors .

Fields retrieved at triangular truncation T80 from 'coefficients packed ‘at
different densitities were compared with the original geopotential field.
In the tables below, the geopotentlal is given.in units of metres *'g, ‘where

g = acceleratlon due to. grav1ty.

Table 21. Worst errors of 500 mb geopotentlal due to packlng

Packing : Max abs -error Latitude rms error. Latitude .
4/word’ 172.6140 m*q 82.5°N. 72.5795 m*g - 88.125%N "
3/word 36.2455 mig 67.5°N 7.7479 m*g 88.125%
2/word 36.3362 m*g . f67;59N : . 7.8060 m¥g 88.125°s
1/word 36.3364 m*g " 67.50N,q‘ 7.8061 m¥*q 88.125%



Table 22. Errors of 500 mb geopotential at.equator. due to packing. .

Packing Max abs error Yms error

4 /word ) . 28.5584 m¥*g:. .. - .6.4710 m*g
3/word 5.9288 m*g 1.7407 m*g
2/word 5.9802 m*g 1.7194 m*g
1/wo;d 5.9800 m*g 1.7194 m*g

5.2 Truncation errors

Fields retrieved at T80/T80, T40/T80 and T40/T40 from coefficients which had

not been packed were compared w1th the orlglnal grld p01nt fleld

"‘Table 23. Worst errors in 500 mb geopotential due to truncation

Truncation Max abs erfcr Latitude rms effor‘ Latitude
T80/T80 36.3364 m*q . . 67.5°N . 7.8061 m*g ~ 88.125%
740 /T80 130.0720 m*q  39.375°N 34.7853 m*g 88.125°N
T40/T80 130.0720 m*g 39.375°N 134.7853 m*g 88.125°8

Table 24. Errors of 500 mb geopotential at equator due 'to truncatiom *::ii"

<

Truncation Max abs error Yms error
T80/T80 5.9800 m*g 1.7194 m*g
T40 /T80 ’ ,

18.5789*g -~ % 06 7430 m*g o
T40/T40 — .

Obviously - there 1s a serlous -error due -to packlng for the geopotentlal flelds,

whlch would be removed 1f the coeff1c1ents were packed 3/word 1nstead of 4/word.

It was found that, apart from the region*to the north of BOON, the errors for
the geopotential field retrieved at T40 from coefficients which had been packed
4/word were not 51gn1flcantly greater than those for the field retrieved at

T40 from coefficients which had not been packed. Also, the field retrieved at
T40 from coefficients packed 4/word had smaller errors than the field retrieved
at T8O throughout ‘thé ‘northern hemisphere. ' (This was not true for the southern
hemisphere, where perhaps the sign changes in the Legendre polynomials prevented

the error due to packing from accumulating).



6. HUMIDITY MIXING RATIO AT 850  MB = . oo e i

6.1 Packing errors

There were no detectable errors due to packing for humidity mixing ratio.

6.2 Truncation errors

Fields retrieved at T80/T80 and T40/T80 wéfe compared with the‘original humidity

mixing ratio field.

Table 25. Efrors of 850 mb hmr due to truncation

Truncation Max abs error Latitude rms error " Latitude

T80/T80 it ijOZSIg/g~”f P ‘59,375?5‘3;; .~ 0003, g/g .. . Amany)
T40/T80 .0142 g/g 13.12% .0052 g/g 20.625°N

© Table 26. Efrbfs'ét‘equator of 850 mb hmr due to truncation

Truncation Max abs error YmMS error

T80 /T80 .0018 g/g .0002 g/g
T40/T8O .. .0085.g/g ... . ..0032Z g/g. . .. -

7. RELATIVE HUMIDITY AT 850 MB

7.1 Packing errors

Fields retrieved at T80 from coefficients packed at differxent densities wéré‘

compared with the original relative humidityAgrid point field.

‘Table 27. Worst ‘errors of ‘850 b relative humidity due ‘to' packing

Packing Max abs error Latitude ' rms error :ﬁatitﬁdé‘

4 /word o 2203699 . .. -73.125%. . . .4.4828 .. ... - 73.125% ..
3fword . - 22.3639 - . - . 73.125% . .. .4.4858. . 73.125%, .
2/word .. 22.3645: 073.125% .. 4.4860- . . . :73!125954k
1/word'.. ‘. 22.3645 oo .73.125% . .. 4.4860 .. . - 73.125%5.

Table:28. . Errors of 850:mb‘relative~humidity,at equator due . to.packing- ..

Packing s Max . abs -errore ; <.  YmS.E8rror - . S L ol

4 /word 8.2150 1.1590"
3/word 8.2176 1.1573
2 /word 8.2171 1.1573
1/word 8.2171 1.1573

10~



7.2 Truncation errors

Fields retrieved at T80/T80 and T40/T80 were compared with the original relative -
humidity field. S D

Table 29. Worst errors of 850 mb relative humidity due to truncation

Truncation Max abs error Tatitude rms error o Latitude
T8O/TBO 22.3645 73.125% '4.4860 : 73.125°%s
T40/T80 45.5892 - 50.625°N 12.2903 69.375%s

Table 30. - Errors of 850 mb relative humidity at equator due to truncation

Truncation Max abs error Yms. error
T80/T80 8.2171 1.1573
T40/T80 25.6338 C 402226
8. MEAN SEA LEVEL PRESSURE

8.1 Packing errors

Fields retrieved at TSO’from coefficignts paqked at different depsities were

compared with the original mean sea level pressure field.

Table 31. Worst errors in msl pressure due to packing

Packing Max abs error Latitude rms error : Latitude
4 /word 229.8675 pascals 88.125%s 84.8228 pascals  88.125°S
3/word. . . . 230.8989 pascals 88.125°% 85.1267 pascals  88.125°8
2/word .. . . 230.9115 pascals .. 88.125°s ~  85.1321 pascals 88.125%
1/woxrd . - - 230.9115 pascals ~1;88,1259s s - 85.1322 pascalS“;»88.1259Sv

Table 32. Errors in msl pressure at equator due to packing

packing Max abs error ' ‘TMS error

4 /word 24.1993 pascals 6,0168.pascals
3/word 22.3495 pascals 5.6390 pascals
2/word 22.4240 pascals 5.6356 pascals
1/word 22.4239 pascals 5.6356 pascals

11



8.2 Truncation errors . e e

Fields retrieved at‘T80/T80_andkT4Q/T80(yere-compared,with the original mean . .

sea level pressure field.

Table 33. Worst-errors in mean sea level presgure due to truncation.

Truncation . Max abs error. Latitudef rms, error. . .. Latitude:_b
T80/T8Q'v“ 230.9115lpascals 88;12598 85.1322 pascals 88.125?8;5¢
T40/T80 . . . 727.3495 pascals 76.87505 210.1279 pascals 86.2593

QTable_34.:.Errors in msl pressure at equator:due -to truncation .-

Truncation Max abs error .Yms .error
T80/T80 22.4239 pascals 5.6356 pascals
T40/T80 56.9384 pascals 16.9844 pascals
9. MAPS

Figs. 1 to 6 show plots of 1000 mb geopotential and 850 mb temperature'for the
original fields, T80- smoothed flelds and T4O smoothed flelds over most of

the northern hemlsphere, all 3 plots were. very 51mllar however T4O under— )
estimated the depth of the low at 40N 15OE, and greatly smoothed the features
over Greenland. By removing the small scale n01se, the T40 flt seems to improve

the look of the temperature fleld

10. CONCLUSIONS . .

Packing ‘the' spherical harmonic coefficients 4/word leads tosignificant errors for
the»geopotential and u-velocity fields. ‘These errors However can be greatly '
reduced by packing the coefficients 3/word. ‘Deriving ‘the u-velocity from packed ™ ©

vorticity and divergence coefficients further reduces errors.

In general, the errors due to truncating the coefficients to T40 or lower trunca-
tions, are much larger than those due to packlng the coeff1c1ents. However, to
archive forecast fields at T80 rather than T4O would requ1re almost four tlmes

more coefficients to be stored.

At present, the forecast fields areﬁfitted with spherical harmonics at T80 trunoa—
tion, but only the T40 subset of coefficients is archived. For all but velocity
fields, the T40 fitted field and the field derived from the T40 subset of
T80-fitted coefficients are identical. For u-velocities a significant error is
introduced in polar regions by retrieving the fields at a truncation other than

the one originally fitted. For T40 archives, it would be better to fit the

12



u~-velocity at T40 in the first place. (It would no? be simple to make the
post-processing fit some fields at T40 and others at T80).

If the archives held T80 truncation coefficients, the u-velocity problem would
be solved. The user could then retrieve fields either at T80, or at a lower
truncation, depending on the degree of smoothing and level of truncation

error he is prepared to accept.

13
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