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Abstract

The perception of the hypothesized greenhouse effect will differ
dramatically depending upon the location on the earth at which the
effectis analyzed. This is due mainly to two causes: 1 ) the warming
signal depends upon the position on the earth, and 2) the natural
variability of the warming has a strong position dependence. To
demonstrate these phenomena, simulations were conducted of the
surface temperature field with a simple stochastic climate model that
has enough geographical resolution to see the geographic depen-
dence. The model was tuned to reproduce the geographical distri-
bution of the present climate, including its natural variability in both
the variance and the space—time correlation structure. While such
effects have been discussed elsewhere with even more realistic
climate models, it is instructive to actually see simulations of time
series laid side by side in order to easily compare their differences
andsimilarities. Because of the model’s simplicity, the causes of the
variations are easy to analyze. Not surprisingly, some realizations of
the temperature for some local areas show countertrends for a
period of several decades in the presence of the greenhouse
warming.

1. Introduction

Many modeling studies have illustrated how cli-
mate may change under changes in the concentration
of radiatively active gases in the atmosphere. For
example, in the 1980s, a series of experiments were
performed with atmospheric general circulation mod-
els (AGCMs) in which the amount of CO, was doubled
over the present value (Leggett et al. 1992). Values of
the globally averaged temperature for the doubled
CO, case showed increases from 1.5° to 4.5°C, de-
pending upon the model. Much of the variance across
the models apparently depends upon the formulation
of clouds and sea ice in the individual models. These
models included a seasonal cycle typically with a
mixed-layer ocean. Such model formulations are inca-
pable of showing the gradual increases of tempera-
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ture under realistic scenarios of greenhouse gas in-
creasesbecause of the thinocean layer. Under gradual
forcing, we can expect deeper layers of the ocean to
respond, involving modes with characteristictimescales
of hundreds of years. More recently, there has been a
series of experiments with coupled ocean—atmosphere
models in which very simple scenarios of greenhouse
warming are examined. In this way the low-frequency
response of the system can be included in the adjust-
ment process, and the consequences can be studied
(e.g., Manabe et al. 1991; Manabe and Stouffer 1993,
1994; Cubasch et al. 1992). Though state of the art,
these studies are controversial, and much remains to
be done in the field of transient climate simulations.
Alongside these comprehensive computational
projects are some simple model studies that can be
helpful in developing intuition.

The manifestation and perception of a forced cli-
mate change such as the hypothesized greenhouse
warming will vary significantly from place to place.
Simple linear thinking would allocate the variation to
adifferent geographical signature, and the geographi-
cal variation of natural variability. Our goal here is to
cast this linear notion into as simple a model frame-
work as possible and to examine some realizations of
the resulting simulations. We take the greenhouse
effect to be modeled by a simple energy balance
model whose outgoing longwave radiation is modified
by a continuous increase in radiatively active gases
over the last 100 years and into the next 100 years.
The modelis simple but is able to mimic many aspects
of far more realistic models, and it fits all the data we
have available. Itincludes geographical distribution of .
land and sea and a deep upwelling—diffusion ocean.
Since our climate model is a linear system with
additive space—time white-noise forcing, the forced
part of the climate change is strictly additive to the
natural variability part by the principle of superposi-
tion. This means the two aspects of the climate
change problem can be solved separately, which
considerably simplifies the computation and interpre-
tation of the model.

While we are quite aware that the real system is
nonlinear, it appears that for many purposes this kind
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