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Simulation of Thermohaline Ciculation and Global Warming
{IIDThe Role of Thermchaline Circulation in Global Warming

Jin Xiangze and Zhang Xuehong
(LASG, Instizure of Aimospheric Phyrice, Chinese Arademy of Sciemces, Bed)ing 100080)

Abstract

This is the second part of the work on the role of the thermohaline circula-
tion in the global warming event conducted with a simple coupled ocean-atmosphe.
re model,

Before studving the warming event of this ocean-atmeosphere system, a penetra-
ting process of the surface thermal anomaly into deep ocean was simulated and ana
lysed by an Atlantic ocean-only model. The results indicate the thermohaline <ircu-
lation is weakened during the thermal anomaly penetrating process. Analyzing the
different physical mechanisms, one can find that the convection plays a major rloe
in transporting the thermal anomaly from sea surface to deep ocean. On this basis,
a highly simplified ocean-atmosphere coupling system is established based on the 2-
D oceanic model which has been prescribed in the first part of this paper, and an
energy balance atmosphere model which is assumed to be in a fully thermal equali-
briem with the surface layer of the ocean component. Transient responses of the
coupled system to a radiation foring corresponding to doubling of the atmosphrric
CO;, concentration have been simulated with an emphysis on the role of the model's
thermohaline circulation in the warming processes ol the system. The results show
that:(1)There are some significant difference berween the Pacific and the Atlamic
in their transient responses. On the whale, the Pacific is in the upwelling branch
of the thermohaline circulation, where the surface heating relating to the atmosphe-
ric radiation forcing penetrates downward dominantly through the vertical diffusion.
As such, temperatures in the Pacific are increased fairly rapidly inthe surface layer
and quite slowly in the lower layers, and the warming is rather homogeneous laci.
todinally except for the Scuthern Ocean. On the contrary, the warming in the Atlan-
tic is slower in the surface and faster in the deep layers than those in the Pacific
due to the process of decp water Jormation in the northern North Atlantic where
the active convection and downward vertical advection transport the surface thermal
anomalies into the lower layers efficiently. (2) On a hundred-year time scale, the
thermobhaline circulation in the North Atlantic is weakened resulted from the dec.
reases of vertical and latitudinal temperature gradients during the warming process
althouhg the weakening is not quite serious without changing the model’s surface
salinity flux. Thke inclusion the elfect of vhe surface water freshening in the nor-
thern North Atlantic with a simple parameterized method makes the thermohaline
circulation weakened further. As a consquence, the northward heat transport is di-
minished and the warming is slow down considerably in the upper layer of the nor.
thern North Atlantic. (3)On the time scale of thousand years, the rate of the down-
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ward penetration of thermal anomalies are limited preatly with the continous accu-
muiation of heat in the lower layers paracicularly in the Atlantic. Meanwhile, the
thermohaline circulation tends to be re-stirengthened accompaning with the southward
shifting of the warm bottem water from the bhigh latitudes of the Atlantic.

Key words: chermohaline circulation; ocean-atmosphere coupling systcm; transi.

<Nt response.



