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ABSTRACT

Integrated and spectral error energetics of the CLAS General

circulation model are compared xith observations for periods in January

1975, 1976, and 1977. For txo cases the model ahoxa significant skill

in predicting integrated energetics quantities out to two xeeka, and for

all three cases, the integrated monthly mean energetics ahox qualitative

improvements over previous versions of the model in eddy kinetic energy

and barotropic conversions. Fundamental difficulties remain xith

leakage of energy to the stratospheric le•:el, particularly above strong

initial jet streams associated in part xith regions of steep terrain.

The spectral error growth study represents the first comparison of

general circulation model spectral energetics predictions xith the

corresponding observational spectra on a day by day basis. The major

concl^^sion is that eddy kinetic energy can be correct xhile significant

errors occur in the kinetic energy of xavenumber 3. Both the model and

observations ahox evidence of single xavenumber dominance in eddy

kinetic energy and the correlation of spectral kinetic and potential

energy.
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1. Introduction

Analysis of the generation, transport, and dissipation of energy

represents one of th n primary methods of studying geophysical fluid .

flows. Lorenz (1955) proposed subdividing atmospheric energy into

kinetic and available potential forma and in turn subdividing these into

zonal and eddy categories. Subsequent observational (Dort, 1964) and

general circulation, model ( 1^!anabe and Terpstra, 1974; Kasahara and

Washington, 1971; and S,^merville et el., 1974) studies have followed

Lorer^z ' e approach and will be referred to as integrated energetics

analyses. Further subdivision in the spectral domain was suggested by

Saltzman ( 1970) and followed by similar observational and model studies

(Tenenbaum,1976; Wellck et al., 1971; Baker et x1.,1978). One purpose

of this paper is to examine both the integrated and spectral energetics

of the current Goddard Laboratory for Atmospheric Scie^rcea (GLAS) model.

The most direct teat of a model over a period of several days ie

the quality of the prediction of standard meteorological variables.

Comparisons are made either in terms oi' synoptic diecusaicns (generation

and deepening of lows, etc.), root-mean- square errors, or the related

idea of skill scores (Tewlea and Wobus, 1954; Atlea, 1979). One knows

theoretically that these approaches should give an essentially random

result at a predictability limit of the order of 14 d and in practice do

ao in about 5 d (Lorenz, 1967).
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To extract further information in spite of these limits one

employe various apace and time aversges applied to both meteorological

variables and energetics quantities. These averaged quantities may show

skill for periods approaching or exceeding the predictability limit=

indeed current general circulation models ere characterised by quite

reasonable model "climates." One of the commonly held intuitions ie that

low wevenumber spectral quantities qualify ns "averaged" quantities. A

second purpose of this paper is to examine that .assumption and to

display circumata^cea where it is more or leas valid.

In Chia paper we will follow Saltzman in employing one-dimensional

wavenumber spectra consisting of Fourier tranafo nua around latitude

circles. An alternate analysis in terms of two-dimensional epatinl

spectra was suggested by Baer (1972) and is related to many spectral

models. A subsequent paper will present two-dimensional results

(Tenenbaum, to be published).

The xavenumber domain spectra presented here form one member of a

trio of Approa^hee concerning atmospheric wave }^,enomene. Frequency

domain studies deal with spectral analyses of veriebler, in that domain

while space-time analyses te4e both approaches simultaneously. These

approaches sre comp',ementary. xith the wavenumber approach allowing ue

to study the time dependence of energet:^e and spectral quantities. In

particular. xe can study the g roxth of errors toward the predictability

lieita for a variety of synoptic situations. It is the study of these
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synoptic dependences which form the third purpose of this paper.

In this paper we do not separate transient and stationary effects.

Aa we shall subsequently see the intense stationary het etrenm snchored

east of Japan tends to dominate ravenumber 3 results. While time means

could be subtracted from each of ocr independent vnriablee, xe are

heaiatent to do so c^;^.: we h +ve a ratter sense of the interannual

variability. A final :nd distinctive feature of this study is the use

of model spectra in comparison xith the spectra derived from obaer-

vationa for corresponding times. Studies of model epect^^ end of

observational epectrn have been separately perfo Hued; no spectral

ener^getica study for the corresponding times has pet been published.

I
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2. Model and methods

The CLA3 general oireulation model represents the third in a series

of mo^^'^. The original Mints-Arekaxa model (Arskexe, 1972) xas a

3-leers" aodel incorporating Arakaxa ' s energy and enetrophy conserving

difference scheme. The second in tha series, the Goddsrd Institute for

Space studies ( GIBS) model xas a combination of Arakaxa ' e approach xith

modified convection and radiation schemes ( Somerville et al., 1974).

Subsequent papers have dealt xith its spectral properties ( Tenanbaum,

1976), synoptic performance (Druyan et al., 1974), seasonal behavior

(Stone et al., 1977), and behavior over semi-arid regions ( Charney et

al., 1977).

The CLAS model differs from the CISS model primarily in the

application of a Shapiro filter to the dependent variables end an

improved radiation routine. Specific chnngee include ( Halem et al.,

1978): (1) improved 1^+►g xsve radiation fo naulstion, ( 2) increased

radiative process time step, (3) prognostic rather than prescribed Boil

moisture along xith other hydrological chnngee, ( 4) smoothly varying

sea-surface temperature chnngee, (5) changed surface nlbedo^ (6)

coarsening of tonal resolution in 5 bands towards the poles, and

1nc.essed advective time step (10 'min) xith decreased smoothing near the

poles.

^a

The int•grsted energetics quantities are cslculnted according to

(!
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the forZeulas given in Oort ( t964) for the mean sonally averaged kinetio

•nsrgy. KM. and the sonally averaged eddy kinetic energy. Kg (i.e. the

aonal avera^• of the deviations from the sonal mean). Using Oort'•

nomenclature. both quantities ere calculated in the apace domain.

The spectral analysis methods are taken from Saltsman (1970) and

are described in >;Lrther detail in Tenenbaum (1976). One-dimensional

Fourier spectra are calculated around each latitude circle at esch of

the nine levels every 12 h. Tropospheric results represent the average

of the loreet 8 levels ( centers from 175 mb to 945 mb) over the entire

Northern Hemisphere. Because of problems with National Meteorological

Center (NMC) observational results at 1200 CMT prior to 11pri1 1975 (Spsr

et al.. 1976), all graphs are from 0000 CMT data. No significant

differences appeared when comparisons also included valid 1200 GMT data.

The three periods discussed in thifi paper represent model predictions

initialised at 0000 GMT 1 January 1975. 1976. and 1977. The climste

averages represent 1 month averages from 0000 CMT 1 January through 1200

CMT on 31 January. The time dependent graphs run over the periods

noted.

3. Synoptic energetics summary

We present in this section a synoptic aumAary of the periods

covered. in both conventional and energetics t• nee. Tropospheric

^	 ^ results refer to the Northern Hemisphere troposphere. consisting of
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levels 2 through 9 of the CLAS model end extendir ►R from 120 orb to the

surface. Integrated energetics diagrams have been presented by Oort

(1964) for observations and each of i.he ms^or rno^ieling groups for the

general circulation models (Ranabe et sl., 1970; Wellck et el., 19'► 1;

Stone et el., 1977). The typical time dependent behavior (Baker st al..

197H; see also Fiq. 6 below) shows two primsry features: !(i„i end KE

tend to be anti-correlated and KE typically varies between 5 end 9x105

J; m2 .	 -`

Spectral energetics distributions have been similarly documented

(Tenenbaum 1976) end show two characteristic features in the eddy

kinetic energy spectrum. Firat^ the bulk of the energy is in wave-

numbers 1 through 5 end, aecond^ there is a ci^atacteristic log-linear

falloff for wavenumbera above 8. The relationship of the letter to

theories of turbulence hna been extensively discussed in the literature

(Charney, 1971).

Since our subsequent concerns deal with the distribution and

redistribution of eddy kinetic energy among the individual wave numbera^

it is instructive to match the synoptic maps with the spectra. Fig. 1

shows the 200 orb map for 0000 CRT 1 January 1977. To a good epproxi-

oration the bulk of eddy kinetic energy is located at thin level (l^ig. 15

in Tenenbaum, 1976 and subsequent figures below). Table 1 presents the

eorrespondirvS energy spectra.

F^ aminetion of the map shows a very characteristic subtropical het
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•ouch of Japan. Thin het appear• in oon^unotion rith lesser het•

centered over the Western Atlantic and 3aud1 Arabia and is consistent

xith the quasi-stationary winter averase wave pattern found by

Krishaasurti (1961 ). !'or January 19'16 (not show) re hav• a strops

polar het centered over Poway and a such weaker subtropical het in that

sector. Thee• bets provide the do^ainant contributions to tropospheric

KE. and •specially to th• spectral subcomponents of KE , Riven by Kn.

Th• •odel's ability to predict the 3rorth and decay of these bets rill

detersive its ability to predict KP and Kn.

We can correlate the het stream behavior xith th• spectral analysis

Dy cosparins tha 200 mb ct;arta with the individual K n Riven in Table 1.

)roc 1977 re see an Initially dominant n - 2 pattern characterized by the

intense Japan Set matched with a Forth American het not quite 180° gray.

By 0000 CiKT 7 January (l^ig. 2) we se• a flip to dominance by n ^ 1 and

3 in Tabl• 1 and a corresponding than;• in the het stream pattern. The

Atlantic portion of the Forth American het ha• been cut off and a Saudi

Arabian het has grow to above 150 KT (77 m/s). Tro of the three peaks

contributive to the n - 3 cosponent are easily visible chile the n ^ 1

cosponent arias• from the lean obvious polar asymmetry. In more

conventional tens the first half of 197'1 ras characterised a• follors

(se• Magner 1a77): A strove blocking ridge xa• located duet off resL^rn

Forth Aaerica. This ridge wakened during the second reek sisultaneocs

rith the g rorth a •Irons troush in ^^ie Alantic. This last effect

occurred in coalunction rith an intense stratospheric w n^ins rhos•

effect• include a eiRnificant tonal floc over Hudson Bay ()riR. 3).
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4. Integrated energetics

Probably the nost coa^only aeon failure of general circulation

aodels ha• been the deficit of KE. Kost early models had thi• ;problem

^	 .and rhile •o^• iaprovesent ra• noted in the CISS model (So^ervill• et

I

	 al.. 1974) the esact situation i• •Lill pussling. Why should a change

I	 is resolution at scales far resoved Eros the bulk of KE produce the

(	 partial improvesent (1^lanabe ,1970)?

A corollary to the Teak KE has been its diffuse distribution.

!'igs. 4 and 5 shor observation, the CISS model distribution, and the

GLAS model distribution of ^ plotted a• a toaal average versus pressure

and latitude. then more atrikins is the conversion of KE to KM rhich

ha• a cha ncteristic dipole pattern in the observations sad lacks it in

the previeua models (!'ig. 5). Corresponding result• re re noted !or the

National Ceater for Ats►oapheric Research (NC11R) model (Baker •t al.,

1977, l^ig. 9). The Chang• in Figs. 4 sad 5 i• substantial, •iac• the

negative portion of the dipole i• now bet^er located and of appropriate

i	 intensity. So+e cosbination of the radiative i.iproveaent and the

^	 decreased saoothing ha• produced a significant chango in those

distributions, both in the integrated energetics and aaongst the

coaversions.
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5. Spatial energetic•

Our central results concern the interplay of the eddy kinetic

energy and its spectral subcomponents. Fig. 6 •hors the observational

and model values of Y, M and K E for the first two reeks of each time

t
period. For txo relatively different synoptic situations the model

tracks the atmosphere's KE out to a period approaching 12 d. The

agreement is not eo much one of quantitative precision as trend

folloxing with a probability that is visibly non-random. Nc.e that for

the KE rise in January 1977 there appears to be a 1 d lag. A reasonable

interpretation is the ascietence of predictive skill in an averaged

quantity out to the predictability llmits.

Nhile these two caeae _aem stronger than a random correlation the

third c^+nr :,hax• far leas success. For January 1y76 the model seems

u.^abl• to au► intain or generate the KL needed to follox the atseosphere'•

rise. Upon exa^ining th• energy flotte seo*e closely, re discover several

significant phenoeena. Consider first tropospheric Ky. The case•

consist of on• lox Ky state (Janw ry 1976), one average K^ stets

(Janwry 1975) and one strikingly high KM ^rtate (Janw ry 19TT)• The

latter cas• is unusual and xas sustained at or near this high vslue

throughout the 2 reeks. Th• nodel^ in contrast. for the three case• ha•

only on• patterns monotonic groxth. Sore of th• success of Janwry

1 97'► i• clearly due to the atmosphere's happening to match this built in

Dias of tho model.

11
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An even stronger anomaly eppesru in th• ties displays of

stratospheric KM •horn in Fig. 7. There appears to be a ubiqui':ous

tendency for eonal energy to collect in the model ' s topmost layers with

significant •xces• energy present in th• model '• one stratospheric level

in periods of 4 to 6 d. Sinc• there ar• no •isnificant dissipative

mechanisms at that level thr excess e^er;y appears to remain trspped

there, functioning as a resevoir of KM and KEG but distorting the

behavior of thv individual ravenumbera. Ir. another paper (Kslnay-Rivas

and 'I'enenbeum^ 1990) xe examine this effect over the first 48 h =nd •how

the existence of mayor oscillstione rith s period of about 24 h. As

discussed there, these oecillatio,^s do seem to be attenuated by enhanced

vertical resolution near the tropopause.

The eonotonic rise to unrealistically high levels also •ppsars in

etretoapheric values of KE (Fig. 8). The 1976 case gainz :'^y kinetic

energy in the model stratosphere much faster than the other tro years.

and at the same ties that the troposphere is rapidly losing energy. Ths

failure in thi• case is due to the model's inability to correctly

maintain • stro.lg polar S et stress over llorray^ resulting perhaps Eros

the saoothing at higher latitudes.

Perhaps our noat suggestive result concerns the longitudinal

dependence of the stratoa^ >heric leakage. In all three cane• re see rt,at

appears to be vertical transport of energy uprard fro g the initial bets.

Fig. 9 shots a ties series of eeridional cross section • of the sonal

0
rind • t 90 E, the entry region of the •ubtropicel het centered south of

12



Japan. The observed dat• shot ^eoderat• flu.:tuation• rhil • the aodel

shot• a conversion from an "o" pattern to a "u" pattern rith a

characteristic t Lee of 4 to 8 d. Thi• •aAe behavior occurred sbove •I1

beta for all three case• and seem• to be the antecedent of th• ":^"

f	
aheped average pattern characteriatic of Aoat nodeYa. ( Fig. 4 above=

Miyakoda et •1., 1972, Ffg. 2).

An alternate ray of exasining thi• phenoaens i• •horn in Fid. i^

which presents the tree aerie• of th• Eonal rind at the stratospheric

level. The observational series •horn moderate fluctuations of region•

with rinds greater than 30 m/s centered eLave Noway and Japan. ?Po

values exceed 40 m/a. In strong contrast, the eodel '• tine eerie• •hox•

an inkblot - like rise above Japan rhich grora to speech exceeding 60 n/•

end rhich propagates do^atrea^e to the Aleutis o (9 Janwry) and the

Yukon ( 13 January). The vertical leakag e above ^e strong initial bets

occurred in all three years though only in the case illustrated (Janwry

1975) did the energy propagate dornatream. For Janwry 1976 and 1977

the poo: of energy reaaine^ above it• origin ( Norrsy and Japan,

respectively).

This behavior •esw• very striking, and Keay provide a clue to the

cold polar •tratoaphere phsr.oaena aeon in nvat general circulat.' .on aod^l

tinter •i^ulationa. Excess kinetic energy i• reaching the eid-latitude

•tratoaphere, and consistent with the thermal riad relation, erroneously

Roditylag the polar strato +phere.

13



6. Spectral energetics

In striking contrast to the success __°ul KE predictions for January

1975 and Jan^2ary 19'/7 is the behavior of xevenumber 3• One can isolate

the one or txo doeinant xavenu^nberA xith little difficulty. Fig. 11

sl^ora the time history of K 1 and K 3 for these txo years. (These tro

ravenumbers are 100 higher than the peak value of all other

xavenumbera). In spite of the noisy signal. one sees a much Bore

discrepant behavior xith gross errors in xavenueber 3 at tiles xhen the

summed KE 's remain correct.

In tares of Saltaman's spectral energetics analysis one can imagine

txo possibilities: (1) erroneous transports in or out of the Northern

Hemisphere troposphere, or (2) erroneous conversions from sonal

potential or kinetic energy. As is inevitable, the sorting out of cause

and effect rill probably be difficult.

As shorn in Fig. 10 the erroneous stratospheric energy seems to be

billoxing up above the quasi-permanent beta. This transport shore up

very strongly in both KM (Fig. %) and KE (Fig. 8). As a result

xavenumber 3 has been deprived of the mayor portion of the energy needed

to maintain the observed values of the subtropical beta in their

characteristic standing rave pattern. Yavenumber 1, which is dominated

by a coeebination of the polar asymmetry and hemispheric contrasts, is

lees affected.

14
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Th• spectral analysis approach is useful in pinpointing the

location of other difficult'.ee. Ae shown in Fig. 11. the model's K 3 for

January 1977 does very poorly starting about 6 January of the run.

Fxasination of the various converaione away from the locations of the

leakage to the stratosphere ehowa a clear example of how the spectral

conversion can pin down the cause of this discrepancy in s causal sense.

Fig. 12 ehowa the latitude-prssaur• distribution of K 3, and the

conversions C(K 3 ^K M) and C(K 3 ,K t^) [Saltaman'a M and L, reapectively^ for

0000 CMT on 1 January 1977 and 5 January 1977. ^uat before the start of

the discrepancy. While the model has correctly predicted the

qualitative and rough quantitative behavior of K 3, the converaione are

el ready qualitatively incorrect. C(K 3 ^K M) ie erroneously drsining the

model's K south of the sub-tropical het while C(K 3 ^K n) is building K3

at what will be the location of the atatoapheric warming A d later. The

model displaces this conversion to coincide with the het itself.

One other commonly suggested difficulty does not appear. The

phases of the energy in individual wavenumbsra appear to agree when the

wavenumber magnitudes themselves agree. Fig. 13 ehowa the phase

diagrams corresponding to Fig. 6 for January 1977. Both model and

observation appear matched in phase until 7 January

Th• spectral anslyeie techniques seem useful in on other way.

Fifty percent of the amplitude of the stratospheric warming of 11
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January appears in observational wavenumber 3 analyses at approximately

70°N. The model missed this warming, though in fairness, this sae e

feature not appearing until 10 d into the forecast. The presence of a

very strong observational signal in wavenumber 3, and dominantly there,

suggests a potential analytic tool for following up this phenomena.

Txo other general conclusions emerge from the spectral results.

The first, not previously noted, concerns the behavior of the individual

wavenumber Kn 'a. One appears to have a phenomena best described ea

single xavenumber dominance. In Fig. 14 we show 30 d series of the

first six observational Kn . On a purely chance basis there appears to

be far less than the expected amount of overlaps between the individual

peaks. The relation of this result to some of Charney's work on

oscillations between climate states is not clear.

The secc+;,u, noted by Teay and Kao (1978) and others, is the very

close tracking of the kinetic and potential eddy terms. As shown in

2^ib . 15, the effect is clearly present for n ^ 1 and 3 and absent for n

2. The other years show similar effects. It contrasts with the

negative correlation shown by K M and KE in Fig. 6, a result which one

tends to expect on the basis of energy coneervation.
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7. Sons problem arses for spectral energetics

The insights provided by the epectrel energetics approach have been

presented above ae techniques for localising model failure at tie^es then

integrated eddy quantities n re shoring agreement. There rewain,

horever, several problem areas which require further study to increase

one's oonfidenoe in the analytic method. or the behavior of the

atmosphere, or both. These arena include the issues of atmospheric

cause and effect, the consistency of the conversions, and the

calculation of vertical velocity dependent quantities.

Teay and Kao ( 1978) and Kao and Chi (1978) have made detailed

studies for the period 1 December 1975 through 29 February 1976 in the

revenumbsr-time and ravenumber-frequency domains, respectively.

Working with the obeervatione, and prod aeinantly at 500 mb betreen 30^'N

and 60°N, they attempt to trace the growth and decay of raves in the

long (n ^ t to 3) and synoptic (n ^ 4 to tl) scales. They conclude that

"the grorth end decay of the kinetic energy of the long and synoptic

scale raves are primarily controlled by the transport of kinetic energy

to and from the raves through non-linear rave intersctions chile the

contritution to the kinetic energy oonvsrsion tends to balance the

effects of the Reynold• and frictional stresses." (Kao and Chi, 197H,

abstract).

Their paper contains •evsral roll docuaented examples of the

17



posible explanations seem moat likely: errors in Cn^ Dn^ end

cal transports. Th• conversion Cn. and to a lesser eztent some

le

correlation of change• in individual Kn with the non-linear conversion

term. We question. however whether ouch data demonstrates causation or

simply correlation. Their data tends to show changes in convereione

occurring at similar times as the Chang• in the corresponding energy

rather than clearly preceding it ae in Fig. 12 above.

Beyond this issue s more general questions remain concerning the

consistency of results obtained by applying Saltsman's spectral

•nergetica analysis. The equations themselves are not in question Dut

rather the quality of results from their application to either model or

observational data. Saltatnan's equationa provide a closed system with

respect to convereione into and out of individual K^. The algebriac sum

of the convereione integrated over an sppropriate space and time period

should equal the secular change in the corresponding Kn. UR^ile ouch a

result requires assuming the validity of dissipation calculatlona^ Dn^

the lack of agreement gives ue some sense of our overall confidence in

the results. Because of the unavailabity of independent data for Dn.

Saltsman hsd to calculate it only se s residual.

The results •re not encouraging. Table 2 presents this type of

calculation for a sampling of model and observational runs. For moat

cases the sign of the change is incorrect and in sose case• the

individ wl K^ should have been driven solidly •nd unphyeicslly negative.



others, depend on the vertical velocity. w. For the observations this

is a notoriously difficult quantity to evaluate. Dn is a parameteriESd

quantity xhose physical basis is knoxn in broad terms but xhoae detailed

quantitative evaluation requires confidence in surface rinds end

boundary layer effects. Vertical trnnaports nre clearly a problem for

the model and may be a problem for the observations.

Me x111 examine the vertical velocity problem in detail in a

subsequent paper (Tenenbaum and Reddi, to be published). Cyr

preliminary results ehox that alternate formulations for w (changing

from mass convergence to iterative solution of the diagnostic omega

equation can yield mayor changes in long- and synoptic ecnle values of

C and extensive smoothing of the higher xavenumbera.

19
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8. Conclusions and future directions

We have studied the model's medium range skill and climatology

using various possible integrated quantities. Our ma3or conclusions are

sa follows:

(1) The model can ahox medium range skill in an integrated

quantity, K ^ the Northern Hemisphere tropospheric eddy kinetic energy,

out to the predicability limit of two xeake in txo of threo randomly

chosen cases.

(2) The model climatology is significantly improved over previous

versions in terms of the monthly time-mean energetics. Th3e effect is

moat , atriking as sharper gradients in the sonal average of Kg and the

characteristic dipole behavior of the barotropic conversion terms.

(3) The model retains a bias in accumulating energy in the topmost.

atratoepheric, level. The accumulation appears predominantly above the

strong initial beta and downstream of the location of the

quasi-permanent beta associated with steep orography. The tropospheric

K M also appears to gror to unreasonably large values.

(4) In the presence of this atratoepheric leakage wavenumber 3

appears questionable in the role of an integrated energetics quantity;

K E can show agreement while wavenumber 3 is erroneous. An expanded

version of Saltsman ' a spectral enalysia (including transports) does

provide a useful tool in showing cause and effect relations for where

the model is failing to match significant energy flow in the atmosphere.

20



These approaches must be used with care since Teay sad Kao's studies

seem to ehox more correlation then causation. The spectral coefficients
I

do ehox interesting results in terms of single wavenumber dominance (not

previously noted) and kinetic energy tracking of potential energy (noted

by Taey end Kao).

A number of future directions ere indicated. More synoptic cases

should be atudied^ both randomly chosen, and specially chosen to explore

the factors cited above (K M high or lox, fast or Blow propagation to the

stratosphere, het strong end well or poorly defined). A model with

better resolution near the tropopause is needed which probably implies e

shift to uneven spacing in pressure. If the stratospheric leakage is

the result of erroneous waves induced by steep terrain, we may need to

improve the conservation properties of the model in these regions (see

Arakewa end Lamb, 1977). Alternatively, if the problem is erroneous het

stream or verticsl velocity initialisation, we may need to examine more

complex initialisation schemes to reduce the initial shock. In view of

the presence of strong oscillations and strong leakage in all three

caaea, both effects ere moat likely present.
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Table Captions

TsDle t. KM , Kn ^ and K E at 0000 CMT on :ndicatcd dates for observations

and model predictions. Data are for the Northern Hemisphere

troposphere ( 120 mb to 1000 mb). Unite: 105 J / m2.

Table 2. Chsnges in K3 for observations end model predictions. Upper

section ahoxs secular change over the 2 day period indicated.

Loxer section gives corr^eponding change in K 3 implied by the

conversions averaged over the corresponding 2 dsy period. The

first two co, _versions feed energy to K3 ^ the lest txo drain

•	 energy from K j . These res •_lte ere quits typical. Data is for

the Northern Hemisphere troposphere (120 mb to 1000 mb).

s

1

1
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Table 1. KM^ Kn ^ and KE.

^.

F

t

observations	 ^	 model

K 1 Jan.	 1 Jan.	 1 Jan.	 7 Jan.	 11 Jan.	 7 Jan.	 it Jan.

1975	 1976'-	 1977	 1977	 1977	 1977	 1977

l

M i 7.54	 6.76	

1

9.89	 8.73	 9.12	 9.58	 10.37

r	 I -

I
1	 !

^

1.72 1.58
I
i	 1.05 2.18 1.14 1.64 0.83

2 0.38 1	 0.70
f

i	 1.77 1.11 0.92 0.62 0.63

3 1.64 ^	 1.21 0.99 1.75 1.92 I	 1.06 0.71

4 0.57 0.52 0.57 0.98 0.81 0.67 1.17

f

5 0.52

t

0.39

i

j	 G.42

I!

0.28 0.96 0.97

^

0.38

6 0.64 ^	 0.33

I

^	 0.45 0.46 0.46

!
^	 0.47 0.25

7 0.19 ^	 0.96

(
1 0.26 0.39 0.21

I
^	 0.47 0.27

8 1; 0.49 ^	 0.22 0.12 0.18 0.17 ^	 0.42 0.41

9 ^	 0.19 {	 0.42 0.14 0.19 0.49 ^	 0.33 0.47

10 ,:	 0.12 0.35

s

^	 0.16 0.11 0.20 0.14 0.19

11 ^	 0.17 ^	 0.18 0.11 G.30 0.20 0.10 0.10

12 0.07 ^	 0.05 0.09 0.15 0.14 e.o7 0.19

13 0.06 0.05 0.03 0.04 o.oa o.12 0.10

14 0.04 0.03 +	 0.03 0.05 0.05 0.09 O.OA

15 0.04 0.03

!

^	 0.03 0.02 0.05 ^^	 0.07 0.02

E 6.97 7.22 6.40 8.35 _ 7.9 1 ;	 7. 41_____6.10
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Figure Caption•

Fit. 1.	 Conatant prea^ure chart at 200 wb for 0000 aMT t Janw ri to77.

Contour interval 1a 1:0 m.

FiR. 2.	 Conatant pressure chart at ?00 mD for OOOU C!!T 7 Janw ry 1077.

Contour interval is 120 m.

Fit. j.	 Conatant praaaur • chart at :OV mb for 0000 CMT 11 Janw r7► 1977.

Contour interval is t:0 m.

Fitt. 1.	 Monthly ►Haan of eddy kinetic energy. K F . (a) Climatolo^tical

average for January from P^ixoto and Qort (10741. (b) alas

model from TenenbauA (to761 • (cl NMC observations for Janua ry

t a75. (d) ALAS model prediction foc Janw ry 1975.

Fit. ^	 Monthly Aean of the converai^n K F to KM . (a) C11Aatolotical

average for January from Peixoto and (sort (to74). (b) CISS

Aodel fro^a Tenenbaum (to76). (c) NMC observstiona for January

107'x. (d) OLAS mode! prediction for January to7^t.

FiR. F.	 ':'ime history of tro^apher;c mean kinetic enerty^ K M , and

eddy klnetic energy, K F , for the first txo w eks of each case.

(a) ,T anuary t47^. (b^ January t o^6. (c1 Janwry 1077.

. ^^

x0



Unite: 105 J / m2.

Fig. ?.	 Time history of mean kinetic energy, K M ^ for the stratospheric

level (10 mb to 120 mb). Model data for all three csaee end

observational data for January 1975. The observational date

for January 1976 end 1977 were eimiler to 1975. Unite: 10 5 J

/ m2 bar.

Fig. A	 Time history of eddy kinetic energy, KF ^ for the stratospheric

level (10 mb to 120 mb). Nodal data for all three csaee and

observational data for January 1975. The observational data

for January 197E end 1977 were eimiler to 1975• Unite: 10 5 J

/ m2 bar.

Fig. 9.	 Jet stream cross sections of the aonal wind at longitude 40°F .

(a) Observations. (b) Model predictions. Data are for 0000

GMT on 1, 5, 9, and 13 January 1975. respectively. Regions

above 30 m / a are shaded.

Fiq. 10. Surface display of the aonal wind st the stratospheric level

(10 mb to 120 mb). (e) Observations. (b) Model predictions.

Data are for 0000 CMT on 1. 5. 9, end 13 January 1975

respectively. Regions above 30 m / s are shaded.

Fig. 11. Time history of eddy kinetic energy of wnvenumbers 1 end 3

i
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(a) January 1975. (b) Janus ry 1977. Units: 105 J / m2.

Fig. 12. Pressure - latitude diaplsy of K.^. the conversion K3 to KM,

end the conversion Kn to K^. (a) The initial state at ^^000

CMT 1 January 1975. (b) The situation at 0000 GMT 5 January

1975 ^uat before K 3 starts to diverge between model and

obaervatTon. ( c) The model prediction at 0000 GMT 5 Janaury

1975.

Fig. 13. Polar diagram of K 3 magnitude end phase for observations

and model. Data are the layer average from 220 mb to 330 mb

(level 3 of the CLAS model) et 30 oN. This combination of

pressure and latitude is near the peak of the K^ distribution.

Labels Indicate days after initial state. ( a) January 1975.

5	 2
(b) January 197T. Unite (radial): 10 J / m .

Fiq. 14. Time Mato ry of the individual K n for n ^ 1 to 6 for Janaury

t975. (a) Observations. (b) Modal. Units: 10 5 J / m2.

Fiq. 15. Time Mato ry of the available potential energy. Pn , end the

eddy kinetic energy, K	 for n - 1 to '^ for obaervstional sad
n

model data for Janaury 1975. Unite: 10' J / m2.
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