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Lecture 7

Surface Processes



SURFACE HEAT
BUDGET:

BACKGROUND



Surface Energy Budget Components



The albedo of a surface is sensitive to zenith angle…



The albedo of a surface is sensitive to wavelength…

Bowker et al. 1985





Broadband surface
albedos over Africa
during June 1996 as
derived from data
gathered by the Visible
and InfraRed Imager
(MVIRI) sensor on the
geostationary Meteosat
platform.



The emissivity of most of the earth surfaces is between 0.9 and 1



The effective depth of
penetration of temperature
anomalies into the soil is
determined by the soil’s
thermal diffusivity and the
time scale of the
temperature anomaly.
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For the diurnal time scale,
the penetration depth is
on the order of 10cm.



PLANETARY
BOUNDARY LAYER



The hallmark of the atmospheric boundary layer is
its tight coupling with surface processes.

The depth of the boundary layer, which ranges from
tens of meters to a few km, is determined by

(a) the surface heating, which generates convective
turbulence.

(b) the strength of the winds, and the surface
roughness, both of which enhance mechanical
turbulence.



Diurnal cycle of the boundary layer over land

A = stable nocturnal layer
B = residual layer

C = residual layer
D = free troposphere



Diurnal temperature variation in the PBL over land



Typical vertical profiles of key variables in a boundary layer



The Richardson number is used to characterize the
vertical stability of boundary layers.

It is given by the ratio of the vertical potential
temperature gradient to the square of the shear.  This is
a means of comparing the relative importance of
convective and mechanical turbulence in deepening the
boundary layer.
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Tracing the mechanisms of boundary layer turbulence with Ri



Momentum exchange between the PBL and the free troposphere



THE DIURNAL CYCLE



Let’s begin by considering radiative fluxes only…



Now that we understand what typically controls the behavior
of net radiative fluxes, let’s examine what balances them,
taking the simple case of a desert, where latent heat fluxes
are negligible.



Here’s the situation when we add in some moisture…



And here’s the situation when we add a lot of moisture…

What would a plot like this look like over the ocean?



THE SEASONAL CYCLE



LAND
The seasonality of the
surface heat balance over
land is generally governed
by a rough balance between
net radiation on the one
hand, and sensible and
latent heating on the other.
What determines the
partitioning between
sensible and latent heating?
How can you reconcile the
nearly negligible storage
term with the large seasonal
variations in temperature?



OCEAN
The large effective heat
capacity of the ocean
coupled with the effects
of currents greatly
complicates the
seasonal variation of
the oceanic surface
heat balance.


