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ABSTRACT

The variability and time-mean response to orographic forcing are examined in a nonlinear atmospheric
model. Distinct signatures from both high-frequency (synoptic-scale) and low-frequency (periods greater than
10 days) transients are seen in the temporal variance and eddy fluxes. Downstream of the orography, in the
region of the time-mean jet stream, high-frequency transients are organized into a storm track and exhibit
baroclinic energy conversions. The low-frequency transients, while producing greater variability in the same
region as the storm track, exhibit significantly less baroclinic energy generation. The structure of the low-
frequency transients downstream of the orography is similar to the observed PNA pattern. The time scale of
the eddies in this region appears to be longer than typical time scales associated with stationary Rossby wave
dispersion. These eddies exhibit large local barotropic conversion of mean kinetic energy due to the large zonal
gradient of the mean zonal wind. These barotropic processes downstream of the mountain give the appearance
of low-frequency waves propagating out of the tropics even though there is no low latitude forcing in this model.

Midlatitude orography is shown to influence the tropical time-mean circulation; a weak easterly jet along the
equator develops due south of the orography. The influence on the tropical variability is restricted to increased
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high-frequency variance with limited effects on the low-frequency transients.

1. Introduction

One of the major thrusts of dynamic meteorology
in the past 30 years has been the identification and
dynamical explanation of the time-mean stationary
waves. Orography was identified by Charney and
Eliassen (1949) as a major source of the observed sta-
tionary waves. Hoskins and Karoly (1981) presented
the essential linear dynamics for the orographically
forced stationary waves in a stratified atmosphere. They
interpreted the local response in terms of the balances
of vorticity and heat and the remote response in terms
of Rossby wave dispersion.

Not all of the observed stationary wave pattern is
due to orographic forcing. (See Wallace, 1983, for an
excellent review of the observations.) Thermal forcing
{Smagorinsky, 1953) and fluxes of heat and momen-
tum by transient eddies (Lau, 1979; Youngblut and
Sasamori, 1980; Holopainen et al, 1982; Lau and
Holopainen, 1984) are known to exert considerable
influence on the stationary wave structure, particularly
in the lower troposphere. The inclusion of the hori-
zontal distribution of diabatic heating and transient
fluxes greatly improves linear simulations of the ob-
served stationary waves (Opsteegh and Vernekar,
1982).
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While our understanding of the stationary response
to large-scale orography is well founded, our knowledge
of the temporal variability in the presence of orographic
forcing is limited. Detailed observational studies have
identified such features of the temporal variability as

1) the organization of synoptic-scale disturbances
into storm tracks downstream of the major jet streams;

2) the tendency for the regions of maximum low-
frequency variance to be less zonally elongated than
their high-frequency counterparts; :

3) the dominance of extratropical variance by low-
frequency oscillations;

4) the tendency for low-frequency teleconnections
to exhibit both geographically fixed and location in-
dependent patterns;

5) the tendency for transient eddy fluxes to appear
to dissipate the stationary waves;

6) the recurrence of persistent anomalous ridging
in the eastern North Atlantic and Pacific oceans which
tend to block the eastward progression of synoptic-scale
weather systems,

How these aspects of the temporal variability are related
to the large-scale orography is unclear.

Some of the above features appear to be determined
solely by the structure of the mean wind and not by
the mechanism responsible for the structure of the
mean wind. Fredericksen (1979) and Pierrehumbert
(1984) have shown that the fastest growing normal






