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-1. ' COCTI M

As a part of the effort to fied a :maasures the smued Impact of quadrature eeM
suitable represetation of topography in a ape- ;truncation. . m the other hald, msu
tU&l model of the global atmosphere, a study has the error Incurred La completing a full ojol. of

Sbeen mede of the Impacts of quadrattro au tru- the transformation at a fixed transation and
ication iL the transformetionm between the physical represents the error solely due to queorature.

TOW ilad spectral doma is. Specifically, rbomboidal
S:. - truncetlose of different wave members and two IMe third measure. 33, is en equivalent

a quadratures, trapesoidal end Oeuss-Zegendre Of 12 Is the spectral domain and will be ident-
*"/ .(G-LI), have been boeea as the min objects o LolnLa the tota magitsude Vith St whe the

I oparison. epeatral transform Is exactly invertible. The
composition of 3 reveals the spectral dstrib-

Vbe basic souroe of information on the stion of the error of transformation lee to
surface topography osists of a et of height quedrature.
values en the 2.5o-Interval latitude-longitude

coordinates furnished by the U.9. National M e definitions of these aeasures and
Hteorological Center (UM) an at part of the the procedures encountered in a full cycle of
fixed field deta La the FOt RAvel 111-A data set. transformation are Illustrated in Figure 1. 2

mad 3. Additionally. in order to earate the
V hree measures of differences have been effect of the required'interpoletion from the

* used to characterize various aspect. of the original data to the Gauesian latitudes f roe
impacts of quadreture end truncation, two, that of the 0-1. quadrature. similaW masurea of
designated by 91 end 22 are global root-man- differences are defined with reference to the

.1
squa re differences defined In the phyical domain. esites an the Gaussian latitude and are
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12. Us=W

a -1 T; theory of sner tramaformatlins and than Integral (3) is replaced by a quadraeom
show that auy set at real-vsimed date whidi my be writtn as

* IZA~.$(a), jonl1...a ;8 slo....L) may bei
* bepresestedthromo the Fowler trasflorm

mie smalyta. fuction I 3 -&jlQ(TV)4(1A)v (6)

I ZQ.9)-I 1610LOesim "a) FA 0e 0* a"s at4 to the weight associated
W-0 with y&- * e xeconetruoted topography becaus

Boo tha X116& j &I adA

,J71 ad)and gl(.O If &ere poyoma at.9 -D~ 3eI 1 G (6)

fo ) s " for m On*t air. ta 4 .

Urns analytic function 1(l,#) ontein wiob NO sand Ma defins the rans of t"*ac-
other~ had yb eeetdI am ft0-M 90 fSpectral syntheOS, 31 1,

:spwarneniolhrarmmins"' Is ~ 7Oan toar m two possible sourcs -
Am the quadrature (S) and the other in thsI 3(19) -truncation (6).

nMa-Jul
42)

3. umAIM
* In which

1 (2) Uhe press.... ot transformation as
3C j 9(y)1ft(y)dy () Ilustrated io Figunre* 1, 2 end 2 have hae

*$applied to two fields of topograpby. IM
* so-called umootbed terrain in the one gives

where In the low III-& date set. mhe soP-called
soth terrain has besm obtained by subl60tiav

YONYFTI~dy -the nasmothed terrain to a amne-point smoother
a~ twce uh smoo~he is a prdc of two 3-point

smoothens. one along Ihe soa direction sad the
* tar all a and y -*U .in the Integral In £2) ether In the sidonal. direction. It way he

will he referred to as the legendre tranafst . represented by a linear operator us' - - WK
Urns Sjrtegrand in (2) is seem to he defined by W(Iuui03) - W(1AIM&Ins) where

a polynomial in Y of deru
IL +a -1) when aIs even 1/21It .1

96yay I- y2)1/2 tines & polynomial WAS S/ othSe-ri 1(

* . layer5 degre (L+ -'2)
Stan a toodd.

Such a smother hUs a prgressively strong

-in practice, the wave amplitmdes at a gives dursing affect toward short waves ad completely
.* (( ~*a)* ~1... ..Uuusing the Fouwier transfuse Is clearly evident in 2able I wbIoi presents the

* .*...amonate of variance ontributed by various spee-
4 ** ral ralge in both the emothed and emootbed

96(#S) U!za1 *A)* (4) terrains. lbese spectra have beew obtained
usn IteGL qusdrsture.

URNz I - Aonts of variance Is venices spectral rangps In the nsmootbad end
smoothed terrains (units 2

arSectral
C rap" 161124 5.16(36X 3l.16(4 dl41SSO 51wUc6 Gloom(7

Ojpmmothed 2795 9W6 8379 542 364 3237

smoothed 1120G 162 62 195 92 Wt

go ol Ar. Wy..



-- bles 2-h and 2-2 tabulate the global with the trapezoidel quadrature beyond the
.oo t-uan-equares (W) of both the error An rhomboidal 40 truncation i n the mamoothed
synthesis ( 1 ) and the error In reproduction ( 2 ) terrain end across the entire rae In the
for both terrain fields at various truncations moothed terrain.
using either the trapezoidal or G-L quadrature

with the 76 Gaussian latitudes. Me 79 Gaussian Further suppowt for favmring the G-L

Ilatitudes forn the mallest set required for the quadrature is provided by Table 3 which pre-
spectral model with the rhomboidal 30 truncation. anta I131 end 2 for the two terrain

SThe difference of characteristics between 31 fields. Thes tables omopile the errors of
and 2 I1s readily seen In the opposite trends transformation. bd the terrain fields been
of the variatioe of magnitude with truncation aailable or defined on the Ganssan latitudes.
range. S 1 decreases with widening of truncation Wbe differences between the orresponding quanti-
range as more of the spectral osponents In the ties In Tables 2-A, 2-1 and 3 represent the

" original fields are Included. 22, on the other effect due to the extra step of Interpolation
a.4m, Increases with widening of truncation frm the 2.5-iaterval latitedes to the Gaussian

:range because of incroase In the number of Xatitudes required in obtaining the mea1ures 1.
*Rolynomials whoee dogres exceed the highest And 32 using the G-L quadrature. In terms of
degree resolvable by the truncation. this eounts to approxLmatly 30-6 m in the

masaootbed terrain and 3 - 5 a In the smoothed
"oth tables support the preference of terrain for the error in synthesis. The absence

the G-L over trapezoidal quadrature. Although of the Interpolation step Is the calculation -of
:the trapezoidal quadrature produces a slightly 213 brings forth the completa InvertibIlity
smaller =9 error In 1 than the G-L quadrature of the G-L qudratrx as long as the truncation
up to the rhomboidal 50 truncation, this small range does not exceed that specified by the
edge is o e thn compensated by disadvantages number of Gaussian latitudes employd. The 76
found In other aspects. The error In the global Gaussian latitudes should reproduce exactly up

-mean Increases steadily with Increasing resolu- to the rhomboidal 3? truncation, beyond which
tion when using the trapezoidal quadrature, in the error In reproduction should Increase with
contrast to the relative constancy found with further widening of truncation range. Table 3
the G-L quadrature in both 11 and X2 for both bears witness to these theoretical inferences.
terrain fields. Nere significantly, the M In fact, the values of 32 at rhomboidal 60

7.error in reproduction increases more rapidly and 70 truncations exceed those of 22.

•. -...IL 2-A - Root-ensquares of the error in sythesis (9 1 ) and of the error
Ln reproduction (3t2 ) with different rhomboid2 truncation* of the unsmoothed
terrain (unit - a)

Anamboidal truncation
"rror Quadrature

15 24 30 40 so G0 70

I1  Trapesoidal 272.4 206.3 175.1 137.3 13.2 n.7 96.5

G-L 272.5 206.7 176.1 141.2 109.9 63.S 73.1

X2 trapezoidal 7.2 12.9 13.2 25.1 54.9 112.4 174.8

G-2. 7.0 14.6 19.9 26.2 22.0 39.0 50.9

TLZ 2- - seam as TAULZ 2-A ofhe smoothed terrain

"homboidal Truncation
"rror Quadrature

15 24 30 40 so 0 70

11 trapezoidal 123.2 55.6 37.6 29.7, 20.2 33.0 27.7

G-L 123.1 SS.1 35.9 34.5 19.5 16.6 24.3

Trapezoidal 7.1 12.5 17.1 24.3 1 47.2 S7.6 -

6-i 5.5 6.2 8.9 9.4 9.6 9.7 9.6

• ... : .;.- *. ,.* . , '- • .



a Comparison@ of the MS In Tables 2-A, of the height forecasts of the mandatory pressure
2-,, and 3 between the unamoothed and smoothed lIvls, For this purpose, a comparison was Mde
terrain fields show the large contribution uaf moag six 72 hour forecasts -- three forecasts
by the smoothing opratio. In reducing both 81  with each terrain field (unamoothd and mothed)
and 81- beginning from DOZon 15, 16, and 17 January 1373.

leThaee reults are sumarized In rigures 4 and 5.
: .5: 5 1ables 4-A an 4-3 sai ze~l Ll thJeI

statistic of the errors in reproduction in the
spectral domain. 33 std (Z3') for both F figure 4 shows the vertical profile of

' terrain fields. Upon comparing with the cornes- the group mans of the global root-man-squares
ron ing qulntities In the physical domain, we I of (1) the processing error at the Initial time

find the G-I. quadrature produces smaller differ- and (2) the forecast errors at days one, two.
*no@# between the two domains than dome the md three. It Is quite obvious that there Is
trapezoidal quadrature, while both quadraturem little difference in both the magnitudes end
exhibit similar charactristics in the variations shapes of the profiles as a result of differences
.f magnitude with truncation rang &as observed in the terrain fields. It is also clear that

, .n 112 and (12). the processing error contitutes a mall fraction
- .of the forecast errors. So discernable dtffer-

"ae Influence of the differences In the omce exists In the forecast errors that could be
* terrain fields on molI performance was assessed ascribed to the difference In processing errors

In terms of the global root-man-square oeros at the Initial time.

IMt 3 - loot-mean-squares of the error In synthesis (21' anmd of the error In
" reproduction (2) with different rhomboidal truncation in reference to the

given values on the Gaussian latitude. (unit t a)
Mioboidal Truncation-' arrr Wield £

Is 24 30 40 so 40 70

3
1  unsmooth 239.0 .171.0 140.2 106.2 77.4 30.3 S0.2

smooth 117.6 51.3 32-3 20., 15.4 12.0 ,.7

.2 wasmooth V a It .Sx19
4  1S.7 43.0 01.1

NAM smooth a a a .2xlO .2 is 1.0

9R n .2x10 - 0 Is considered to be the round-off error.

-OL3.2 4-A - 2Me square root* of power of the error In reproduction In the spectral
domain ( 3or 3) in the unsmoothed terrain (unit i a)

Niomboidal Truncation

Quadrature Zrror

Is 24 30 40 so G0 70

-rapezoidal 33 7.0 12.4 17.0 22.4 42.5 02.1 125.6

. 3 7.0 14.6 13.1 26.2 31.7 "37.1 49.1

Ga , .* a I .921O " 4  
11.3 30.3 57.6

*i - .2x10"6 Is considered to be the round-off error.

- ...- A OtA 4-3 - The same as 1311 4-A In the smoothed terrain

N1ouboidal truncation
S.. . Quadrature error

15 24 30 40 . so 70

Trapezoidal 23 7.0 12.0 1S.$ 22.2 29.9 23.5 45.6

33 5.5 8.2; 0.0 ,.4 (/.. 9., 3.3

i It* a a .2z10 "s  .2 .9 1.7

n m .210 "
- Ie considered to be the round-off error.

. - " . . . .. .



o prb urther into the relationship~ 4. CN 80• betee~n the intiat~l processing errors and the
forecst error&, the groeup Been& and standard an the basis or these findings we hae

-, ..., - deviations of the ditfesrences between the glob"l ©secluded that In using a spectral mol for
: -,reoo n-square error@ fee forecasts with the slatlating an" prealcting the global elrC Ls-two terrain fields wort calulated 2M resultA tion, 11) the terrain Is best defined an tb*

hnare ion n Figure 5 wbere & dot represents Of Gaussian latitudes of the forecast model, (2)
group mean and the vidth of the line across the the Gause-lgandre quadrature In better than
Got represents twice the group standard doyia- the trapezoidal quadrature in the computation

iere, a positive value indicates a of the transfoms and, 3) the smoothed terrasnt!s--ller error with the smoothed topography and 4s preferable an the model terrain. go have

versa. From Figure 5a It in apparent that eonsequently deftmed the terrain to be used
of Of the smoothed terrain reduced the in high-resolution model as the ot of the

processing error at all levels except the top sphrical harmonic efficients obtained trem
vo (i.e., SO mb and 75 ab). Sowever, so the original lIC data by first passing than

significant trace of this Improvenant appeared : through the 9-point smoother twice, linearly
n the forecasts. The differences in the Interpolating the results to the Gaussian

'f -- torecast errors (Figures S b-d) vere smller latitudes, and then transforming them into
than the differences in the processing error* spectral coefficients at the rhoboidal 30
and were such maller than the forecast errors truncation. the model terrain IS thereb

.. themselves. Furthermore, these differences miquely defined in both the physical and
were not statistically eigp.ficant. - pectral doains.

Pig. 4. Vertical profiles of the group mans Of the global root-Bm-square
of the processing errors at day 0 ea the forecast errors at days 1, 2, and 38
(a) unamoothed topography sad (b) smoothd topography
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