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There is accumulating evidence that the tropical 
zone is expanding poleward in both hemispheres, 
and that the subtropics are also expanding into 
regions which have previously enjoyed a more 
Mediterranean climate. This essay is a follow-up to 
an initial report by the same authors conducted in 
2009; there has been considerable further work in 
this �eld since 2009 and so we include up-to-date 
research, investigate how thinking has changed, or 
not, and whether predictions from �ve years ago 
still hold true.

A poleward expansion of the tropical and 
subtropical zones is likely have signi�cant 
consequences for a number of the issues raised in 
the State of the Tropics Report (2014), including 
the peoples of the Tropics, and for ecosystems  
and biodiversity.  

For example, The State of the Tropics report 
highlights that the resources required to sustain 
larger populations and economic growth are 
putting signi�cant pressures on the natural 
environment in tropical regions. An expansion of 
tropical regions will only increase these demands 
further, and may also cause a shift in ecosystems 
as some regions will become drier, and others may 
see more frequent heavy rain events.  

The Report also highlights the fact that almost 
half the human population of the Tropics is 
vulnerable to water stress – a shift in climatic 
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in their Fourth Assessment Report (2007) stated 
that increases in greenhouse gases and associated 
changes in climate could lead to a variety of 
changes in atmospheric and climatic phenomenon, 
including warming of the troposphere, cooling 
of the stratosphere, rise of the tropopause and 
a weakening of tropical circulation patterns – all 
of which may contribute to an expansion of the 
tropical zone.  Hu and Fu (2006) further suggested 
that an increase in sea surface temperatures (SST) 
in the Tropics, associated with climate change, 
could result in an increase in the height of the 
tropopause and a wider HC. 

Since then, numerous studies con�rm that the 
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a poleward shift which was predicted to lead to 
mid-latitude tropospheric warming and contribute 
to an increased frequency of droughts in both 
hemispheres (Fu et al. 2006; Seidel et al. 2008).  
Of particular concern under these predictions 
were regions bordering the subtropics which 
currently experience a temperate ‘Mediterranean’ 
climate, including heavily populated regions of 
southern Australia, southern Africa, the southern 
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than the more widespread warming (Gong and 
Ho 2002, Hu et al. 2003, Fu et al. 2006). There 
is some evidence that the severe polar vortex 
affecting the north east USA - following drought 
in California - was in�uenced by GHG emissions 
and poleward shifts in other climatic phenomena 
(Wang et al. 2014). 

Shifts in tropical cyclone tracks and activity
In 2009, a number of climate scientists were 
predicting a poleward shift in the paths of 
extra-tropical and tropical cyclones over the 
next 100 years (Yin 2005; IPCC 2007; Walsh and 
Kafney 1999).  However, others were arguing 
that increased vertical wind shear and upper 
tropospheric warming might negate some effects 
(e.g.: Vecchi and Soden 2007). Extra-tropical 
storms, also known as mid-latitude cyclones,  
occur within the mid-latitudinal band from around 
30º to 60º latitude in both hemispheres and 
studies have documented a poleward shift in the 
mean latitude of extra-tropical cyclones, by about 
2º, over the past 60 years (McCabe et al. 2001; 
Fyfe 2003).  

More recent studies add observational support 
for a change in storm tracks; for example Bender 
et al. (2012) �nd a poleward shift in extra-tropical 
storm tracks between 1983-2008, while Solman 
and Orlanski (2013) �nd an enhancement of the 
frontal activity shifted to higher latitudes in the 
northern hemisphere.  Similarly, ozone depletion 
has been associated with a poleward shift in 
cyclone frequency over the Southern Ocean, but 
with minimal in�uence on intensity and lifetime 
(Grise et al. 2014). Signi�cantly, a very recent study 
shows a poleward shift in the area of maximum 
intensity in cyclones in both the Northern and 
Southern hemispheres, of 53 and 62 km per decade 
respectively; equivalent to a shift of around 2.5º 
in latitude per 25 years (Kossin et al. 2014). Shifts 
in the behavior and tracks of cyclones in Australia 
have also been noted with tropical cyclone activity 
is currently at its lowest in Queensland and Western 
Australia for many centuries (Haig et al. 2014). 
However, Haig et al. (2014) caution that while there 
will be fewer cyclones, cyclones that do hit will be of 
higher intensity.

The shifts in tropical storm tracks have been 
related to enhanced warming in the tropical upper 
troposphere and increased tropopause height (Yin 
2005); there is also some evidence that the degree 
of shift is likely to be greater in the mid-latitudes of 
the southern hemisphere (IPCC 2007; Yin 2005).  
Predictions were for greater cyclonic activity at 
higher latitudes in both the tropical and mid-
latitude bands (IPCC 2007), increasing �ood  
risk in regions not prepared for extreme 
precipitation events. 

A change in the activity and tracks of tropical 
cyclones has been noted in some regions.  For 
example, tropical cyclone Gonu tracked unusually 
far to the northwest into the Gulf of Oman in 
2007, hitting landfall in Oman and Iran, a region 
with no known records of having been hit by a 
cyclone (WMO 2008). Similarly, in Asia there 
has been a signi�cant westward shift in typhoon 
(cyclone) tracks over the past 40 years, resulting in 
greater storm activity in subtropical East Asia but 
a decline in typhoons over the South China Sea. 
2004 saw a record number of storms hit Japan, 
while South China faced drought due to a lack of 
land falling typhoons, and the authors suggest this 
shift is related to the westward movement of the 
WPSH (Wu et al. 2005).    

More recent studies highlight further changes in 
cyclone activity; black carbon and other aerosols 
have been implicated in causing intensi�cation of 
cyclones in the Arabian Sea region, with signi�cant 
impacts expected for human health (Evan et al. 
2011).  In Taiwan, cyclone frequency has almost 
doubled since 2000, consistent with a northward 
shift of the typhoon track over the western North 
Paci�c-East Asian region, and an increase of 
typhoon frequency over the Taiwan-East China 
Sea; the authors associate these changes with 
the weakening of the Western North Paci�c 
subtropical high (Tu et al. 2009). Finally, Murakami 
(2013) �nds a decline in typhoon frequency over 
western Japan and the Korean peninsula, but 
an increase over eastern Japan, related to the 
southward shift of the subtropical jet stream.

The economic costs of increasing extreme 
weather events such as drought, extreme heat 

Bali.  
Image: Andy Holt.
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