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Energetic consistency of truncated models
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ABSTRACT. EnorgotioM'l listenoy nUruncaW S \VPm,Ol.lttl lJ ill examined. It iashown that in tbeso-callod 'ener-,
~ot.ical ly oonsi8tf'llli' models , there are fictitioull""noollatiOl18 of"orti('al die eegences of energy flus""at. eech If!VPIand
honea tho verti cal coupling of £n<;rgy in th ese modele it" rat her defect ive.

1. After the classical work of Lorenz (1900),
it is well-established in the field of meteorology
t hat certain terms or groups of terms in the vor­
ticity and divergence equations should eithe r be
retained or dropped togetber to ach ieve "ener­
getic consistency". This has led to an hierarchy
of models beginning with complete vorti city and
divergence equation model and ending with quasi.
goostrophie model. By integrat ion over closed
horizontal surface, we show that t he euergot ie
consistency of the \"8riOU8 truncated models is of
more restricted type thoo would appear from the
fonn which it takes for the atmospherio mass as
a whole, In geneml, these truncated model. creato
fietitious cencollations of vertical divergences of
energy fluxes at each level and hence vertical
coupling of energy in these truncated models is
somewhat de fective.

2. Equation of quasi-static friot ionless hori­
zontal motion is-
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Following Lorenz (WOO), we have used suhsoript 1
to indicate a physical property end subscripts 2 and
3 to indicate quant ities ' derived from st ream­
function >/I. and velocity potential X. respectively.

We multiply each term of t he vortioity equa·
tion by- "'. and each tenn of divergence equation
hy -:I'. &11<\ integrate over tb~ ro rtb's closed hori­
zontal spherical surface. W0 do not perform.
vertical integration and in this respect deviato
from the analysis of Lorenz (1960). We freely use
the property that divergence of a horizontal vector
and horizontal J acobian of two scalers vanish
when integrated over closed horizontal surface.
The tenus which result afte r IIOme simple mani ­
pulations arc shown in Tablo 1. We use the
notation-

By performing \1. and k .\1x operations on this
cquation, we get t hc well-known divergence and
vorticity equations -
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3. We now have from vorticity and divergence
equations respectively,








