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Introduction

Large-scale numerical models of the atmosphere
approximate the heterogeneous or subgrid-scale nature of
cloudiness by assuming that a fraction of each grid area is
occupied by clouds. This cloud cover fraction is used to
apportion cloud effects into a “grid-averaged” forcing within
areas that contain a mixture of clear and cloudy regions.
Most models of tropospheric dynamics assume that the
fractional cloud coverage is determined by the grid-
averaged relative humidity, stability, or resolvable-scale
vertical motions (e.g., Slingo 1980).

In this study, we investigate the relationship between cloud
coverand other related meteorological factors by comparing
observations of clouds and relative humidity, temperature
lapse rates, wind shear, and large-scale vertical velocity
within various tropospheric levels.

Cloud Cover Observations

Cloud observations are derived from the U.S. Air Force
operational real-time three-dimensional analysis of cloud
cover (S3DNEPH). The 3DNEPH is a global analysis of
cloud cover that uses surface-based and aircraft reports,
together with visual and infrared satellite imagery, to
produce 3-D cloud cover information every 3 hours at 15
vertical layers between the surface and ~16 km above the
surface. Horizontally, the grid size varies from ~25 km
near the equator to ~60 km at the poles.

In this study, we use five noon-time spring periods (20 to
24 April 1981) analyzed over the northeast United States
by the 3DNEPH. During this 5-day period, a relatively

intense midlatitude cyclone developed and traversed this
domain, allowing one to investigate cloud cover under a
wide variety of meteorological environments.

Temperature and moisture observations used in this
analysis are taken from the National Meteorological Center
global analysis and spatially and temporally interpolated
onto an (80 km)2 grid using a hydrostatic mesoscale
meteorology model (MM4). During model execution,
observations are incorporated into the model calculations
in regions near the observation locations. Differences
between observed and calculated temperatures, humidities
and wind speeds are continuously minimized by “nudging”
the calculations towards the observations. In this manner,
model calculations agree closely with observations when
and where observations are available, and when no
observations are available, the meteorological data are
dynamically consistent.

Comparisons

Figure 1 shows contours of the average 3DNEPH cloud
cover at 15 tropospheric levels and at various relative
humidities. Typically, 1000 to 5000 (320 km)?2 observation
pairs were available at each layer, representing cloud
cover under cold and warm maritime and continental air
masses during this period. The cloud observations are
averaged within 5% relative humidity increments at each
level.






