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ABSTRACT. A study of the sensit ivity of the terre strial climate with respect to chan ge in solar
constant is performed using a seasonal . two layer energy-balance model. The lat itudin al anti seasonal
distr ibut ions of sensitiv ity are found to be in genera l agreement with results of previous investigat ions.
In part i..-ulnr, Roback's ( 1983) recent hypothe sis of the dominance of the sell icc-thermal inert ia feed.
back. in determining the seasonal sensitivities is confirmed .

I. Introduction

The effect of change of the solar constant on the
terrestrial climate is of consi derabl e interest to the
scientific community.

Lately, as a result of the work of Budyko ( 1969)
'and Sellers (1969) ' here has been a surge of in' cres t
in the subject. Although these authors used different
modelling meth od s, both of them came 10 rho ra ther
start ling conclus'on that a reduction of about onl y 2 'iC

in th e solar constant is eno ugh to bring about an ice
co vered earth ; i.e., th e curre nt cli m ate is dangerously
close to a catastrophic deep-freeze. However. their

models solved only the surface energy ba lance cquat 'on
and the parumctcrizar ion of the basic phys'cal processes

were simplified . Since then severa l other invcs.igators
have used supposedl y more real ist ic clim ate mod els to
investigate the same problem (Stone i 978 ; Ohring &

Adler 1978; Held 197 8; Oerlernans & Vanden 0 001

1978 ) ; probably the most physically comprehensive of

th em all being the General Circulation Model (GCM)

experim ent of Wetherald and Manabc (1 975 ) . Th ey

used an atmosph eric GCM with mean annual forcing,
a limited computational domain, no heat transport by

ocean currents, and fixed cloudiness. Although their
results agreed q ualitatively wilh tha r of Budyko ( 1969 )

and Sellers (1969), they found the climat e to be much
less sensitive to change in solar constant. Another

int eresting result of their work was th e ex treme sen siti­

vity of the hyd rologic cyclc to change in solar co ns­
tant. Held ( 1978) has used a Stati stic al-Dynarnica]

model (SDM) to perform a detailed analysis of the
result of change in solar constant, whereas Pcng et al.

( 1982 ) have used SDM to carry ou t sola r con stant
experi ment and arrived essentially at the same conclu­
sion as Welherald & Manabe (1975).

2. The model

T he model descri bed in derails in Birchfield et 01.
( 1982 ) is a time-dependent, sea so nal atmosphere­

hydrosphere modcl that solves the energy-ba lance cqua,
lions at two atm ospheric levels in add ition 10 the surfuce

energy balance equation . Temperature is the prognostic
vari able for all these equations; therefore the lime
dependent static stability can be predicted. The model

is zo nally symmerric and the Crank Nicholson method

is used to solve the model equations on a latitudinal

grid size of 4 deg. with 60 rime steps per year. Each

grid area is appropriately divided into land and occc an
part s using present day distribut ion. The 'ocean' is a

120 metre deep isoth ermal mixed layer ; mer idio nal
heat 'flux in the ocean is not taken into account. The
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