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Many features combine to make up the diverse 
climates of the Tropics. It is a warm region; 
mean annual temperatures exceed 20°C almost 
throughout the Tropics, except at high elevations, 
and exceed 25°C in many parts of the tropical 
zone. The tropical zone encompasses some of the 
wettest locations on Earth, as well as some of the 
world’s driest deserts. It also includes some of the 
world’s communities most vulnerable to natural 
disasters; population pressures drive settlement of 
flood- or drought-prone areas, and less developed 
countries lack the resources to create resilience to 
extremes of climate. Limitations in physical and 
human infrastructure also contribute to limited 
capacity to warn of, or respond to, major disasters, 
although this is an area where great strides have 
been made in many countries in recent decades.

What makes up a tropical climate?

The classical definition of a tropical climate is one 
in which the mean temperature of the coolest 
month exceeds 18°C (see Figure E1.1), although 

more common to speak of seasons in terms of the 
monsoon, “warm” and “cool” or  “wet” and “dry” 
seasons. Outside the immediate proximity of the 
Equator, the coolest month is usually in “winter” 
(most often January in the Northern Hemisphere 
and July in the Southern Hemisphere), but the 
hottest month is not necessarily in “summer”. In 
continental regions where there is a sharp, well-
defined wet season – the African Sahel, much of 
the Indian subcontinent, and to a lesser extent 
northern Australia – the hottest weather occurs 
in the weeks prior to the onset of the wet season, 
sometimes with a smaller secondary peak at the 
end of the wet season (see Figure E1.2).

The equatorial zone is also characterised by 
consistent warmth and very small day-to-day 
temperature fluctuations; for example, at 
Singapore, the highest temperature on record 
is 36°C, and the lowest 18.9°C. Many locations 
within 15° latitude of the Equator, especially on 
islands or near the coast, have never reached 40°C 
and have highest recorded temperatures less 
than 5°C above the average daytime maximum 
temperature of the warmest month. This is in 
part due to island and coastal temperatures being 
largely controlled by ocean temperature, although 
in equatorial regions, even continental interiors 
(such as the Amazon basin) rarely, if ever, reach 
40°C. Extreme temperatures are higher further 
from the Equator, although they still fall short of 
the world’s highest extremes, most of which have 
occurred slightly outside the Tropics (including 
most of the instances of temperatures measured 
under standard conditions of 50°C or above).

While tropical climates are characterised by 
small variations in temperature, they include an 
immense variety of rainfall regimes. The Tropics 
include the driest parts of the world, the Atacama 
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Figure E 1.1  Map of the major global climatic zones

Source:  Chen & Chen 2013
Note: Major global climatic zones include tropical zones (blue, type A), according to the Köppen climatic classification.  
In this classification tropical zones are defined by the mean temperature of the coolest month, and by rainfall  
(A: Tropical, B: Dry, C Mild temperate, D: Snow, E: Polar). 
WHO/ UNICEF (2012).
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Figure E1.3  Mean monthly rainfall and temperature at four near-equatorial locations: 

(A) Singapore, Singapore;        (B) Manaus, Brazil;                           (C) Nairobi, Kenya and                 (D) Lambarene, Gabon.

Source: WMO (2012)
Note: Blue bars are montly rainfall averages and the red line is mean temperature.



43  STATE OF THE TROPICS

Figure E1.3  Mean monthly rainfall and temperature at four near-equatorial locations: 

(A) Singapore, Singapore;        (B) Manaus, Brazil;                           (C) Nairobi, Kenya and                 (D) Lambarene, Gabon.
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The climate also has numerous internal modes 
of variability. The most prominent of these is 
the El Niño-Southern Oscillation (ENSO). This 
phenomenon is characterised by changes in 
ocean temperatures in the eastern and central 
equatorial Pacific but has impacts on climate over 
many parts of the world. During an El Niño event, 
the waters in this region (which are normally 
substantially cooler than other equatorial waters, 
due to the influence upwelling from below the 
ocean surface off the west coast of South America) 
are warmer than normal (by 1 to 2°C in a typical 
event, although in the strongest events, such as 
1982-83 and 1997-98, anomalies have reached 
4°C) (see Figure E1.6). This results in a weakening 
of the easterly (equatorial) trade winds in the 
Pacific (the surface part of what is known as the 
Walker Circulation) on both sides of the Equator, 
with flow-on consequences for the atmospheric 
circulation over a large part of the world. El Niño 
events are associated with a high risk of dry 
conditions over areas such as the western Pacific 
including eastern Australia, southern Africa, much 
of the Indian subcontinent, and northeast Brazil, 
while they are associated with high rainfall in east 
Africa and on the west coast of South America. 
Through their influence on the location of the 
ITCZ and SPCZ (Australian Bureau of Meteorology 
and CSIRO, 2011), El Niño events also have a 
strong influence on the rainfall on many Pacific 
Islands (positive or negative, depending on island 
location). La Niña events are the near reverse of El 
Niño – that is, waters are cooler than normal in the 
eastern and central equatorial Pacific – and have 
broadly opposite climatic impacts. 

The typical lifecycle of El Niño and La Niña events 
is 9-12 months; they tend to form between March 
and May, when the temperature gradient across 
the equatorial Pacific is at its weakest, and break 
down early in the following years. It is rare for an 
event to continue into a second year (although 
more common for La Niña to do so than El Niño). 
On average 2-3 events of each type occur each 
decade, but there is no consistent cycle; in some 
periods, such as the 1950s and 1970s, La Niña 
predominated and El Niño events were rare, 
whereas for much of the 1980s and 1990s El Niño 
events occurred regularly and La Niña events were 

few and far between. This interdecadal variation 
in the relative frequency of El Niño and La Niña 
events contributes to a pattern referred to as the 
Interdecadal Pacific Oscillation (IPO), although the 
extent to which the IPO functions independently 
of ENSO is a matter of some debate. 

Conditions in the equatorial Indian Ocean also 
vary on seasonal timescales in a way which has 
broader influences on the tropical climate. There 
is a tendency for below-normal temperatures in 
the eastern Indian Ocean, off the south coast of 
Java and Sumatra, to be associated with above-
normal temperatures off the African coast, and 
vice versa. This is referred to as the Indian Ocean 
Dipole (IOD), with its positive phase denoting 
warm conditions in the western Indian Ocean and 
cool conditions in the east. The positive phase of 
the IOD, which is more likely to occur during El 
Niño years but can also occur during other ENSO 
phases, tends to be associated with wet conditions 
in east Africa, and below-normal rainfall over 
large parts of Australia, especially in the Southern 
Hemisphere winter and spring. The dynamics of 
the IOD are less well-understood than those of 
ENSO and seasonal prediction of its behaviour is 
still in its infancy. 

On longer timeframes, the tendency of 
temperatures in the North Atlantic to persist 
above (or below) the long-term trend over 
periods of 20-30 years has been referred to as 
the Atlantic Multidecadal Oscillation (AMO). 
During warm phases of the AMO, one of which has 
been in progress since the mid-1990s, there are a 
number of impacts on tropical climate, including 
a tendency towards increased tropical cyclone 
activity in the North Atlantic, and increased rainfall 
in the Sahel and the Indian subcontinent.  
Climate models suggest that AMO phases are 
linked with small shifts in the broader ocean 
circulation but the mechanisms of this are 
still poorly understood, and no demonstrated 
predictability currently exists. 

An influence which operates on shorter 
timeframes is the Madden-Julian Oscillation 
(MJO) (Wheeler and Hendon 2004). This can be 
characterised as an eastward-moving “pulse” of 

cloud and rainfall near the Equator which typically 
recurs every 30 to 60 days, and is most visible over 
the Indian Ocean and the western Pacific. Active 
phases of the Indian and Australian monsoons 
are most likely to occur when the MJO pulse 
passes local longitudes, something which is also 
associated with a higher risk of tropical cyclone 
formation. The MJO is predictable with useful skill 
over periods up to about three weeks, supporting 
forecasting of wet and dry periods on timescales 
longer than those feasible with conventional 
weather-forecasting methods. 

Long-term temperature trends and 
variability in the Tropics

Like the rest of the world, the Tropics have warmed 
over the last century (see Figure E1.7), with steady 
warming from the early 20th century to about 
1940, then a levelling off until the mid-1970s, then 
a rapid rise to the end of the century. Depending 
on the data set used, the total warming over the 
1910-2012 period in the Tropics and near-Tropics 
has been 0.7-0.8°C, about 0.1°C less than that over 
the globe as a whole. Warming over the Tropics 
has been slower than over higher latitudes of the 
Northern Hemisphere, but faster than over mid- to 
high latitudes of the Southern Hemisphere. 

Finer geographic patterns of warming over the 
century are challenging to assess, due to very 
limited pre-1950 data over continental Africa, 
the Amazon and much of the tropical Pacific. In 
the last 30 years, the Sahara, Sahel and Arabian 
Peninsula have been amongst the most rapidly-
warming parts of the world, whilst large parts of 
the eastern and central tropical Pacific have seen 
weak cooling, associated with decadal variability in 
the El Niño-Southern Oscillation (ENSO).

Temperatures averaged over the Tropics show 
more interannual variability than those averaged 
over the globe as a whole. This partly reflects the 
smaller area over which averaging is being done, 
but also reflects the fact that the bulk of ENSO’s 
influence on temperature is felt in the Tropics. A 
strong El Niño year will typically be about 0.2°C 
warmer in the Tropics than the years around it, and 
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storm surges have driven coastal waters 10 metres 
or more above their normal levels. In particular, 
cyclone-related storm surges have caused 
catastrophic loss of life on a number of occasions 
along heavily-populated, low-lying coastlines, 
especially around the coast of the Bay of Bengal. 

To obtain sufficient energy to form or maintain 
intensity, tropical cyclones normally need to 
be over water with a sea surface temperature 
of at least 26°C. They also require sufficient 
Coriolis force to generate initial rotation, so do 
not normally occur within about 4° latitude of 
the equator. Once formed, their intensity and 
longevity is governed by numerous factors, 
including sea temperatures, the available moisture 
in the surrounding environment, and the presence 
or absence of wind shear (differential wind speed/
direction at different elevations), which if present 
to an excessive degree can rapidly weaken a 
cyclone. Tropical cyclones will normally weaken 
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low confidence in observed changes of most 
indicators, both in terms of total numbers and 
of intensity, although more confidence exists 
in a few regions for limited time periods (e.g. 
for an increase in the frequency and intensity of 
the most intense tropical cyclones in the North 
Atlantic since the 1970s, something to which the 
current warm phase of the AMO is at least partly 
contributing). To some extent, this reflects the 
large uncertainties which arise from changes in 
observing technologies over time; outside the 
North Atlantic, most tropical cyclone intensity 
assessment (Velden et al. 2006) depends on 
satellite data (see Box E1.2) which have only been 
consistently available since the late 1970s. The 
IPCC assessment of projections of future tropical 
cyclone activity is that it is likely that the total 
number of tropical cyclones will either decrease or 
remain essentially unchanged, while the number 
of intense cyclones is likely to increase, but at a 
rate which is sufficiently slow that it is unlikely to 
be statistically distinguishable from interannual 
variability for many years to come. 

What lies ahead for the  
tropical climate?

Like the rest of the world, the Tropics are projected 
to warm substantially over the coming 50 to 100 
years. The actual amount of warming, particularly 
in the second half of the century, depends largely 
on the trajectory of greenhouse gas emissions; 
the lowest-emission scenarios considered by IPCC 
(IPCC 2013) indicate warming of global mean 
temperature (from a 1986-2005 baseline) of 
around 1°C by mid-century and 1-2°C by 2100, 
whereas under high-emission scenarios projected 
global temperature changes are 1-2°C by mid-
century and 3-4°C by 2100. 

Most model projections indicate that warming 
trends over the Tropics will be marginally smaller 
than those for the globe as a whole, continuing 
the 20th century pattern of the strongest 
warming being at high latitudes of the Northern 
Hemisphere and the weakest warming at mid- to 
high latitudes of the Southern Hemisphere. There 
is no clear indication of significant differences in 

frequency of intense tropical cyclones, and has had 
the majority of the world’s most intense systems, 
and most intense landfalls. Northwest Pacific 
cyclones can occur at any time of year, although 
they are most common from July to October, and 
least common from January to April. The North 
Atlantic, Northeast Pacific, Southwest Pacific and 
North and South Indian Oceans also experience 
regular tropical cyclones, and regular landfalls 
on most of the surrounding coasts and islands 
(except for the African coast, where landfalls are 
rare on the east coast and almost unknown on the 
west). The Southeast Pacific is too cool to support 
tropical cyclones, and they are also exceptionally 
rare in the South Atlantic. 

Whilst most tropical cyclones form within the 
Tropics, some go on to have significant impacts 
outside the Tropics, especially in the North 
Atlantic and Northwest Pacific, where sea surface 
temperatures near or above 26°C extend well 
north of the Tropics during summer and early 
autumn. Tropical cyclones regularly make landfall 
on the Japanese island of Honshu and on the 
Korean Peninsula, between latitudes 35 and 40°N, 
and have also done so at similar or higher latitudes 
in the northeast United States and the Atlantic 
provinces of Canada, causing major destruction as 
far north as 48°N in Newfoundland. 

The total number of tropical cyclones globally 
remains remarkably stable from year to year; years 
with fewer than 75, or more than 100, cyclones 
are rare. However, the geographic distribution of 
cyclones shows more interannual variability, with 
ENSO acting as a strong influence. In general, 
El Niño years see an eastward displacement of 
cyclones in the Northwest and Southwest Pacific; 
fewer cyclones make or approach landfall on the 
coasts of Australia and China, and more occur in 
the central South Pacific and in longitudes near 
and east of Japan. El Niño years also tend to see 
fewer tropical cyclones in the North Atlantic, 
and more in the Northeast Pacific. La Niña years 
generally display the opposite pattern.

The IPCC Fifth Assessment Report (IPCC 
2013) reported little evidence of significant 
trends in global tropical cyclone activity, with 

Figure E1.8   Satellite image of Typhoon Haiyan ap-
proaching the Philippines, 7 November 2013

Source: NASA Images.




