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[1] Hurricanes have traditionally been perceived as intense
but relatively small scale phenomena, with little effect on
the large scale climate system. However, recent evidence
has suggested that hurricanes could play a much more
significant role in global climate. Here we prescribe Atlantic
hurricanes in a global coupled climate model to show that,
climatically, the strong hurricane winds can strengthen the
Atlantic meridional overturning circulation (MOC) that is
responsible for an increased northward meridonal heat
transport (MHT), and the hurricane rainfall tends to weaken
the MOC and to reduce the MHT. The net effect of the
hurricanes on the MOC and MHT depends on the outcome
of these two competing processes. This result implies that
hurricanes may indeed play an important role in the coupled
climate system and need to be studied further in high
resolution global coupled models. Citation: Hu, A., and G. A.
Meehl (2009), Effect of the Atlantic hurricanes on the oceanic
meridional overturning circulation and heat transport, Geophys.
Res. Lett., 36, 1L.03702, doi:10.1029/2008GL036680.

1. Introduction

[2] Recent observed evidence has suggested that hurri-
canes could be connected to climate change [Emanuel,
2001, 2005; Webster et al., 2005; Kossin et al., 2007;
Landsea, 2005; Knutson et al., 2007]. Estimates based on
observations show that hurricanes can transfer a significant
amount of momentum into the ocean [Liu et al., 2008], and
they can also cause the downward pumping of huge
amounts of heat into the subsurface ocean along their paths
[Emanuel, 2001; Sriver and Huber, 2007; Pasquero and
Emanuel, 2008]. These papers also raised the more funda-
mental issue of what role hurricanes actually play in the
global climate system and how hurricanes could affect the
long-term oceanic meridional overturning circulation
(MOC) and the meridional heat transport (MHT) in the
Atlantic.

[3] There are some indications that hurricanes could be
contributing to global climate through connections to large-
scale fluctuations of sea surface temperatures (SSTs) as well
as in possible influences on northward MHT and the ocean
conveyor belt circulation in the Atlantic. For example there
is a linkage between hurricane counts and low-frequency
variations of tropical SSTs [Emanuel, 2007; Mann and
Emanuel, 2006; Holland and Webster, 2007]. These SSTs
could be connected to the MOC which is a global scale
oceanic circulation that plays a very important role in the
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redistribution of heat and freshwater globally on decadal,
centennial, and millennium timescales [Broecker, 1998].
The collapse and re-establishment of this circulation is
thought to be the major cause of past abrupt climate changes,
such as Heinrich events [Heinrich, 1988; Timmermann et
al., 2005]. Many studies also show that the changes of this
circulation may be important for future climate change
[Manabe and Stouffer, 1988; Hu et al., 2004; Gregory et
al., 2005; Broccoli et al., 2006; Stouffer et al., 2006; Meehl
et al., 2007]. If hurricanes affect MHT or MOC, this could
be a significant contribution to large scale fluctuations of
climate. Without the associated precipitation effect, a coarse
resolution ocean general circulation model coupled to a
zonal mean atmospheric model that included a parameter-
ized hurricane ocean mixing effect did show increases in
both northward heat transport and meridional overturning
due to hurricanes under extremely high CO, conditions
[Korty et al., 2008].

[4] Here, we focus on the potential climatic role of the
Atlantic hurricane-induced wind, as well as precipitation, on
the Atlantic MOC and MHT by comparing global coupled
climate model simulations with prescribed hurricanes in the
Atlantic to a control simulation that does not resolve
hurricanes. The state-of-art global coupled climate model
used here is the National Center for Atmospheric Research
(NCAR) Community Climate System Model version 3
(CCSM3) [Collins et al., 2006] that has been used for
simulations of 20th and 21st century climate and paleocli-
mate assessed by the IPCC AR4. As a first attempt to tackle
this problem using a fully coupled model, many simplifi-
cations are applied in our experiments. However the overall
good agreement of the hurricane effect on the Atlantic
tropical-subtropical oceanic stratification in the model com-
pared to observations does suggest that our simulations may
have captured the major effects of hurricanes on the Atlantic
MOC and MHT.

2. Model and Experiments

[s] CCSM3 includes the Community Atmospheric Model
(CAMB3) at T42 resolution (roughly 2.8°) and 26 hybrid
levels in the vertical, a version of the Parallel Ocean
Program (POP) with 1° horizontal resolution and enhanced
meridional resolution (1/2°) in the equatorial tropics, and
with 40 vertical levels, the Community Sea Ice Model
(CSIM5) with Elastic-viscous-plastic dynamics, a subgrid-
scale thickness distribution, and energy conserving thermo-
dynamics, and the Community Land Model (CLM3). The
mean Atlantic MOC defined as the maximum value of the
Atlantic meridional streamfunction below 500 meter depth
is 19.5 Sv (Sv = 10° m*s™") in CCSM3 for the 240-year
period of the control simulation analyzed here, agreeing
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