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ABSTRACT

A numerical climate model is used to simulate climate change forced only by random fluctuations of .the
atmospheric heat transport. This short-term natural variability of the atmosphere is shown to be a possible
“cause” not only of the variability of the annual world average temperature about its mean, but also

long-term excursions from the mean.

Various external causes of climate change are also tested with the model and the results compareq with
observations for the past 100 years. Volcanic dust is shown to have been an important cause of climate
change, while the effects of sunspot-related solar constant variation and anthropogenic forcing are not

evident.

1. Introduction

Instrumental surface temperature records have been
compiled for large portions of the globe for about the
past 100 years (Mitchell, 1961; Budyko, 1969). They
show that the Northern Hemisphere annual mean
temperature has risen about 1°C from 1880 to about
1940 and has fallen about 0.5°C since then (Figs. 1-3).
Various attempts to simulate this temperature record
(Schneider and Mass, 1975; Pollack et al., 1976;
Bryson and Dittberner, 1976) have all focused on
external causes, such as volcanic dust, solar constant
variations and anthropogenic effects. It is possible,
however, that even in the absence of any external
forcing a unique climate may not exist. Climate change
may be a natural internal feature of the land-ocean-
ice-atmosphere (climate) system.

The theory of internal causation of climate change
has been developed by Lorenz (1968, 1970, 1976). He
suggested that climate change might just be the natural
variations due to the complex nonlinear interactions
among the various components of the climate system.
One of. these components is the meridional heat flux
accomplished in midlatitudes primarily by baroclinic
eddies. VonderHaar and Oort (1973) provide data that
show that the standard deviation of the annual average
of the atmospheric energy flux is about 9.99, of the
mean flux. This variable heat flux results in variable
storage and release of heat in various locations in the
climate system, such as the land and ocean surface,
and the snow and ice covers. These result in changing
annual mean temperatures which might be interpreted
as climate change, without any external forcing.
Hasselmann (1976), Frankignoul and Hasselmann
(1977), Frankignoul (1977) and Lemke (1977) have
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 also recently performed theoretical studies of stochastic

forcing of climate. .

In this study a seasonal, zonally averaged, vertically
averaged, highly parameterized numerical model is
forced with a randomly perturbed eddy heat flux to
test its sensitivity to internal forcing. The magnitude
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FiG. 1. Five-year average temperatures by latitude bands, from
Mitchell (1961). The 0~80°N annual record is updated by
Reitan (1974). The centers of the 5-year averaging periods are
indicated on the abscissa.



1112

JOURNAL OF THE ATMOSPHERIC SCIENCES

06 T T T

0.4}

02}

AT (°C)
o
-
>
o

-0.6 1 A ] —1 L e 1 1 A 1
1880 1890 1900 1310 1920 1930 1940 1950 1960 1970 1980
YEAR

F16. 2. Annual mean temperature of the Northern Hemisphere for 1881-1975, from
Budyko (1969), Asakura (Gates and Mintz, 1975) and Angell and Korshover (1977).
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of the response is then compared to that from various
plausible external forces. In this way the actual sensi-
tivity of the climate system to various forcings can be
investigated. This sensitivity cannot be determined
precisely from observations. The temperature drop
following the eruption of Mt. Agung in Bali in 1963
(Angell and Korshover, 1977) surely must have been
related to the eruption. But how much of this change
was due to the eruption, and how much was due to other
causes, including natural variability?

A numerical model based on the model of Sellers
(1973, 1974) was used to test these theories of climate
change. Although the model was formulated to calcu-
late time-dependent climate change, Sellers only used
it to calculate equilibrium states resulting from different
external conditions. An indication of the time-dependent
nature of the model is given in Fig. 9 of Sellers (1973),
but Sellers (1974) did his best to eliminate this feature
from his studies. The model, then, seemed ideally
designed for time-dependent simulation, and had not
been used for this purpose. Several changes were made
in Sellers’ model to correct minor errors, but no new
parameterizations were introduced. Robock (1978)
gives a complete description of the model, the changes

made, its ability to reproduce the observed climate,
and its sensitivity to parameter and parameterization
changes.

The model simulates the observed seasonal cycles
of temperature, radiation and horizontal heat fluxes
quite well with one exception. Due to inaccurate snow
and ice parameterizations, the ice areas are too large,
and the snow line has a seasonal amplitude that is too
small. In the polar regions, therefore, the surface
temperatures and seasonal cycles are slightly different
from the observations. Due to the extreme sensitivity
of the model to this one parameter, however, this results
in an ice (snow)-albedo feedback which is tco large,
making the model too sensitive to external forcings.
The experimental results reported in the next section
should therefore be regarded as qualitatively correct,
but with the quantitative sensitivity of the model to
the various forcings exaggerated.

2. The experiments
a. Internal causes

The model in the balanced state exactly reproduces
the seasonal cycle of all the variables year after year
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Fi1c. 3. Budyko-Mitchell correlation of 5-year average Northern
Hemisphere temperature record.






