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ABSTRACT

A technique is developed for diagnosing effective surface and atmospheric optical properties from cli-
mate model shortwave flux diagnostics. These properties can be used to distinguish the contributions of
surface and atmospheric optical property changes to shortwave flux changes at the surface and top of the
atmosphere. In addition to the four standard shortwave flux diagnostics (upward, downward, surface, and
top of atmosphere), the technique makes use of surface-down and top-up fluxes over a zero-albedo surface
obtained from an auxiliary online shortwave calculation. The simple model optical properties, when con-
structed from the time-mean fluxes, are effective optical properties, useful for predicting the time-mean
response to optical property changes. The technique is tested against auxiliary online shortwave calculations
at four validation albedos and shown to predict the monthly mean surface absorption with an rms error of
less than 2% over the globe. The reasons for the accuracy of the technique are explored. Less accurate
techniques that make use of existing shortwave diagnostics are presented and compared.

1. Introduction

The absorption and reflection of shortwave radiation
by the earth’s atmosphere and surface serve as funda-
mental drivers of the climate system. Kiehl and Tren-
berth (1997) review estimates of the earth’s shortwave
budget. Of the 342 W m ™ ? incident at the top of the
atmosphere (TOA), they estimate that 31% is re-
flected, 20% is absorbed in the atmosphere, and 49% is
absorbed at the surface. They estimate the planetary
and surface albedos at 31% and 15% respectively. Be-
cause so much of the earth’s surface is ice-free ocean
with a very low reflectivity, the most important atmo-
sphere—surface shortwave interaction is the shielding
effect of clouds that prevents surface absorption. The
cloud-shielding effect is diagnosed using the cloud
shortwave forcing—the difference in shortwave absorp-
tion between actual conditions and a hypothetical clear
(cloudless) sky. Globally, the cloud shortwave forcing is
14% of the TOA downward shortwave (Harrison et al.
1993). It is largest over the ocean in the subpolar and
tropical warm pool regions. The concept of cloud short-
wave forcing depends upon the availability of a fixed
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reference surface albedo. Cloud shortwave forcing will
change when the surface albedo changes even with no
change in cloudiness.

Over a reflective surface, the change in absorption
due to altered cloudiness is influenced by the surface
albedo through multiple cloud-ground reflections. Ob-
servational studies in polar regions have noted that the
downward shortwave at the surface is considerably
larger, sometimes nearly a factor of 2 larger, over bright
ice surfaces than over dark ocean surfaces for similar
atmospheric conditions (Rouse 1987; Freese and Kott-
meier 1998; Wendler et al. 2004). Figure 1 shows the
fraction of the annual surface downward shortwave that
is due to multiple reflection in the Geophysical Fluid
Dynamics Laboratory (GFDL) Atmospheric Model
version 2 (AM2) global atmosphere-land model
(GFDL Global Atmospheric Model Development
Team 2004). This is determined by instrumenting the
model to make an extra shortwave calculation with a
surface albedo of zero (perfectly absorbing) replacing
the model-calculated surface albedo. The difference be-
tween the model-calculated albedo downward and the
zero-surface-albedo downward fluxes is the multiply re-
flected portion. Figure 1 shows that the largest values
are over the polar sea ice where, typically, 10%-20% of
the annual mean downward shortwave has been multi-
ply reflected. There is also a significant multiply re-
flected fraction over the high-latitude continents. In






























