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The objective of this study is to describe the effects of the El 
Niño-Southern Oscillation (ENSO) on the weather patterns in 
Queensland during the Australian summer monsoon. The 
focus is on the period from October-January when the summer 
monsoon is governing the weather pattern of Northern Austra-
lia. The theory part  introduces the reader to the physics of the 
different phases of ENSO and the Australian summer 
monsoon. Weather station data of rainfall, minimum and 
maximum temperature data are investigated statistically. The 
presented results are an earlier onset of the monsoon season in 
Queensland during La Niña-events and a stronger monsoon in 
the sense of more or stronger active periods. Regarding El 
Niño's effects on the summer monsoon in Queensland no 
significant results were found. The results show the 
importance of not looking at the warm and cold phase of 
ENSO as opposites and agree with what Sarachik (2010) and 
Sturman & Tapper (1996) states.
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Abstract: The objective of this study is to describe the effects of the El Niño-Southern 
Oscillation (ENSO) on the weather patterns in Queensland during the Australian summer 
monsoon. The focus is on the period from October-January when the summer monsoon 
is governing the weather pattern of Northern Australia. The theory part introduces the 
reader to the physics of the different phases of ENSO and the Australian summer 
monsoon. Weather station data of rainfall, minimum and maximum temperature data are 
investigated statistically. The presented results are an earlier onset of the monsoon 
season in Queensland during La Niña-events and a stronger monsoon in the sense of 
more or stronger active periods. Regarding El Niño's effects on the summer monsoon in 
Queensland no significant results were found. The results show the importance of not 
looking at the warm and cold phase of ENSO as opposites and agree with what 
Sarachik (2010) and Sturman & Tapper (1996) states. 
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Referat (summary in Swedish) 
Målet med studien är att beskriva El Niño-Southern Oscillations (ENSO) effekter på 
vädret i Queensland under den australiensiska sommarmonsunen. Fokus ligger på 
perioden oktober-januari då sommarmonsunen styr vädret över norra Australien. 
Teoridelen syftar till att introducera läsaren till fysiken bakom de olika faserna av ENSO 
och den australiensiska sommarmonsunen. Data från väderstationer i Queensland av 
parametrarna nederbörd, minimum och maximum temperatur undersöks statistiskt. 
Resultaten som presenteras indikerar en tidigare början av monsunsäsongen i 
Queensland under La Niña-perioder och att monsunen förstärks genom fler eller 
starkare aktiva perioder. I resultaten sågs ingen eller mycket svag påverkan från El 
Niño-perioder på monsunen i Queensland. Dessa resultat påvisar vikten av att inte se 
på den varma och kalla fasen av ENSO som motsatser till varandra och stämmer 
överens med litteratur av Sarachik (2010) och Sturman & Tapper (1996). 
 
Nyckelord: 
ENSO, El Niño, La Niña, sommarmonsun, Walker cirkulationen, Queensland, Australien, 
Coral Sea. 
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1. Introduction
Many people have heard of  the meteorological  phenomenon called El  Niño in  today's 
society. Media usually mention El Niño in connection to natural disasters from many parts 
of the world. The phenomenon is usually referred to as the El Niño-Southern Oscillation 
and steers the circulation in both atmosphere and ocean over the tropical Pacific Ocean 
which makes its existence hard to negligee. The variations in the climatic state are natural 
oscillations that are not created by human activity (Ackermann, 2007). Though media often 
loosely mention natural disasters, El Niño and climate change in the same sense.

The Lima Geographical  Society  published a small  article  about  the  coastal 
currents along the Peruvian coast in late 19th century. The normal ocean current along the 
Peruvian  coast  is  cold  and northward.  The article  focused on a  warm counter-current 
flowing  south  along  the  Peruvian  coast  that  was  noticed  on  different  occasions, 
simultaneously as rain were observed on latitudes where it seldom rained at all in South 
America (Philander, 1989). The name “El Niño”, (the Child Jesus), origins from what the 
Peruvian sailors called this counter-current that usually appeared about Christmas time. 
Sir Gilbert Walker, Director-General of observatories in India discovered in the early 20 th 

century that “When pressure is high in the Pacific Ocean it tends to be low in the Indian  
Ocean from Africa to Australia”.  He named these fluctuations the Southern Oscillation.  
Walker realized the importance of these fluctuations for the monsoon and this increased 
the  statistical  research  for  correlations  to  other  weather  patterns.  Correlations  to 
fluctuations in rainfall patterns and wind fields were found for the tropical Pacific Ocean 
and the Indian Oceans, as well as temperature changes in south-eastern Africa, south-
western Canada, and the south-eastern United States of America.

Bjerknes  (1969)  was  the  first  to  propose  a  physical  explanation  of  the 
connection between the inter-annual oceanographic and meteorological variations in the 
tropical Pacific. The Pacific Ocean is the largest ocean in the world and along the equator 
it reaches from Ecuador to Indonesia without any landmasses intervening, a distance of 16 
778 km or 151° longitude, more than a third of the earth's circumference. Normally the 
easterly trade winds drive the surface water west across the Pacific Ocean, the water 
moving west at the coast of South America is replaced by up-welling cold water. On its way 
to the west the surface water gradually heats up from incoming solar radiation and the 
warm air, which leads to a sea surface temperature (SST) difference from west to east. 
The warm water in the west will heat the air and lead to convection and precipitation. The 
rising air reaches the tropopause and streams back to the eastern part  of  the tropical 
Pacific in the upper atmosphere. The circulation is closed by the sinking motion of the air  
in the high pressure area over the eastern Pacific Ocean (Sarachik,  2010).  The same 
explanation for the circulation over the Tropical Pacific is used today as well. Research 
from institutes all over the world has increased the understanding for ENSO but still many 
processes are not fully understood. Any information about climate variability and conditions 
one or two seasons in advance gives great benefits to agriculture, hydrology and water 
management, energy use and fisheries, which makes this a very interesting research area 
(Sarachik, 2010).

What  caught  my  interest  for  this  subject  were  the  extreme  rainfalls  and 
floodings in Queensland in 2010-2011 during a La Niña event. The focus will be on the 
summer season from November until February, the monsoon season in Australia. From 
studying literature the second chapter Theory in the thesis describes the different states of 
ENSO, the Australian summer monsoon and tropical cyclones. The effects of the Coral 
Sea (adjacent to Queensland NE of Australia) SST anomalies on the Queensland weather 
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patterns  for  monthly  means  of  rainfall,  minimum  and  maximum  temperature  will  be 
statistically investigated, and the connections to ENSO. The seasonal variability of these 
connections and the Coral Sea SST correlation with tropical Pacific SST will be examined. 
In chapter 3 the data and methods used for the statistics are presented while chapter 4  
presents the results. In chapter 5 a discussion follows the results comparing it to other 
studies of the subject.

2. Theory

2.1 El Niño-Southern Oscillation

2.1.1 Normal conditions in the Tropical Pacific
The climatic state of the western Pacific surface is warm and the atmosphere above is  
rainy from deep Cumulonimbus clouds. Regions of warm surface water are characterized 
by low air pressure at the surface due to the rising air. The surface winds blow into the low 
pressure region in the western Pacific, consistent at the equator with the easterly trade 
winds. The trade winds is the driving force for water westward across the Pacific Ocean,  
causing gradual heating of at first cold up-welling water along the South American coast.  
The heating comes from sun radiation and sensible heat from the warm air above. The 
rising motion in the warm region reaches the tropopause and returns aloft and completes 
the circuit by descending in the eastern Pacific, leading to higher pressure at the surface 
(Sarachik, 2010 & Philander, 1988). The circuit of air proceeding westward at the surface, 
rising over  the warm region  with  persistent  precipitation,  returning eastward  aloft,  and 
descending over  the cool  eastern Pacific,  is  called the Walker  circulation.  The Walker 
circulation  is  connected  to  the  pressure  difference  between  the  low  pressure  in  the 
western Pacific and high pressure in the eastern Pacific. In figure 1 a schematic illustration 
of the Walker-circulation is given. A zonal  circulation like the Walker-circulation is only 
possible where the Coriolis force is small,  which it  is close to the equator (Sturman & 
Tapper, 1996). Perturbations in this pressure difference affect the Walker circulation, and 
the fluctuations in pressure difference are referred to as the Southern Oscillation.  In the 
ocean the trade winds drives warm surface water to the west Pacific. The warm water piles 
up in the west and causes down-welling in that region. At the coast of South America the 
trade winds transport  surface water to the west, causing up-welling of cold water from 
deeper levels. The correlation is strong between perturbations of SST in the Pacific Ocean 
and the atmospheric pressure perturbations above it. The anomalies are referred to as El 
Niño or La Niña-events when looking at SST anomaly distributions in the Pacific.
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When studying data of SST in the tropical Pacific, five regions are often used 
for the anomalies of SST. These regions are called the El Niño regions 1-4 and 3.4. The  
regions  are  numbered  from  east  to  west  as  seen  in  figure  2,  and  region  3.4  is  a 
combination of region 3 and 4.

2.1.2 Thermocline
The vertical  structure  of  the tropical  ocean can be divided into  three different  regions 
based on different densities. In the tropics the density is mainly determined from variations 
in temperature in the upper layers of the ocean, the salinity does not vary that much. The  
ocean is heated from above by the sun and the atmosphere, thus the warmest water with  
the lowest density will be found closest to the surface. A zone of warm water with relatively  
constant  temperature  is  found  in  the  upper  layer  of  the  ocean.  The  zone  of  uniform 
temperatures is called the mixed layer, and extends from the surface down to about 50-
200 m. The uniform temperature comes from the mixing in this layer by wind-driven waves 
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Figure 1: Schematic of normal conditions over tropical 
Pacific Ocean. Walker-circulation in the atmosphere with 
low pressure in west, and tilt of the thermocline, deeper in 
west and shallow in east. After (Sarachik, 1988).

Figure 2: Map of the Pacific Ocean showing the location of the El Niño regions 1-4, 3.4 and 
the Coral Sea. After William M. Connolley (2013) from Wikimedia Commons.



and currents. The deep zone or the bottom layer in the oceans that have a temperature 
between 1 to 3 ºC lies below 1000 m depth. The temperature is cold and uniform in the 
deep layers. The transition zone between the cold deep layers and the warm mixed layer  
is called the thermocline; this is where the temperature gradient is largest. The top of the  
thermocline thus represents the bottom of the mixed layer (Ackermann, 2007).

In the Pacific Ocean the normal conditions have a deeper thermocline in the 
west coming from more mixing through the piling up and down-welling of warm surface 
water in the western Pacific. Transport westward of surface water in the east, causes up-
welling of cold deep water in this region. The depth of the mixed layer and location of the  
thermocline becomes shallower in the east at normal conditions (Sarachik, 1988) as seen 
in figure 1 and 4a.

2.1.3 El Niño

The eastern Pacific Ocean has an irregular cycle of warming and cooling, which gives 
variations in the circulation of the atmosphere and ocean. The anomalies from the normal 
(mean) state in the linked SST and atmospheric pressure, gives rise to the changes of the  
circulation in the atmosphere and ocean. When the eastern Pacific is warmer than usual it 
is called El Niño or the warm phase of ENSO. The relaxation of the easterlies along the  
equator is consistent with the changes in SST, implying westerly anomalous winds. The 
westerly anomalous winds mean less up-welling of cold deep water in the eastern Pacific  
and therefore less cooling in that region (Sarachik, 2010). The thermocline is not as tilted  
across the Pacific  during El  Niño-events,  up-welling in  the east  brings relatively warm 
water from the mixed layer to the surface (Sturman & Tapper, 1996) as seen in figure 3 
and 4c. The region of persistent precipitation moves eastward to the central Pacific when 
the eastern Pacific SSTs become warmer. The sea level pressure difference between the 
west  and  east  decreases,  consistent  with  the  decrease  in  SST difference  across  the 
Pacific. The zonal Walker circulation weakens when the surface easterlies relax and the 
region  of  persistent  precipitation  moves east  along the  equator,  seen in  figure  3.  The 
Hadley circulation in the north-south direction becomes stronger  when the central  and 
eastern  tropical  Pacific  is  warmer.  This  is  due  to  the  movement  of  the  Intertropical 
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Figure 3: Schematic of the circulation in the atmosphere and 
the ocean thermocline for El Niño conditions over the Pacific  
Ocean. After (Ackermann, 2007).



convergence zone (ITCZ) closer to the equator. When the warm phase is at its strongest,  
the temperature is uniform and the winds have relaxed to almost zero over the entire 
Pacific (Sarachik, 2010).

The change from the zonal Walker-circulation over the tropical Pacific, towards 
a state where the Hadley circulation in north-south direction has stronger influence on the 
atmospheric circulation has large effects on weather patterns around the world (Sarachik, 
2010). During El Niño events droughts in Indonesia and eastern Australia becomes far 
more common. While normally arid regions in South America is likely to receive more 
precipitation (Philander, 1988). The effects from the SST changes in the Pacific and the 
connection to weather patterns in areas adjacent to or over the Pacific are relatively easy 
to  understand.  The  physics  can  be  well  described  and  connected  to  the  changes  of 
weather  patterns in  these areas.  Other  selected regions in  the world  (e.g.  Zimbabwe, 
Madagascar) also experience significant changes in temperature and rainfall connected to 
ENSO,  even  though  the  physical  reasons  are  either  difficult  to  explain  or  unknown 
(Sarachik, 2010). These long distance relationships are called teleconnections, and are 
used by forecasters to make general forecasts months into the future for different areas by 
predicting ENSO (Ackermann & Knox, 2007).

Philander (1988) claims that the typical El Niño event last for about 18 months. 
The beginning of the end for the El Niño phase is not fully understood, but when a cold 
pool starts to develop in the eastern Pacific it usually means the end of the warm phase  
(Sarachik, 2010). The changes in SST come from two processes, either by adding heat at  
the surface (from sun) or mixing with water of different temperature. The balance in energy 
for the ocean is basically between sun radiation (warming effect) and evaporation (cooling 
effect)  at  the surface (Sarachik,  2010).  Warmer waters  have more  evaporation,  which 
balances the heating from the sun. A lot of research has been on the subject to understand 
what causes the changes of the SSTs but still it is not fully understood. Both forecasting 
based on statistical and dynamical (using physical equations) models are used when trying 
to predict ENSO. The models are still  uncertain, but if  most models point to the same 
evolution the prediction is regarded as more probable. The coupled ocean-atmosphere 
models of today still have a lot of flaws. Even though forecasts have proofed to have skill  
several seasons in advance, they are still uncertain (Sarachik, 2010).
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2.1.4 La Niña
In the cold phase of ENSO, called La Niña, the eastern Pacific cooling becomes stronger  
and the SST in the east becomes lower than in normal conditions. The larger SST and 
atmospheric pressure difference across the Pacific can be looked upon as an inverse of 
the El Niño state. However the effects on weather patterns around the world during a La 
Niña event cannot be looked upon as an inverse of the El Niño state. It is not the actual  
SST distributions that affect the remote atmosphere. More important is the location of the 
heat source and regions of persistent precipitation, the driving engines of the atmospheric 
circulation  (Sarachik,  2010).  The increased  pressure  difference with  anomalously  high 
pressure  in  the  east  and  low in  the  west  makes  the  Walker-circulation  stronger.  The 
surface westward winds intensify. Consistent with the stronger winds, the thermocline tilt  
becomes greater,  more  up-welling from the  stronger  winds in  the  east,  and since the 
thermocline is shallower the up-welling water is colder as seen in figure 4b. The warmest  
water is contracted to the west into the maritime continent between Southeast Asia and the 
western Pacific (Sarachik, 1988). The warm water is also pushed into the Coral Sea which 
gets higher SSTs during La Niña events. The cold water is intruding further west than 
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Figure 4: Schematic of thermocline in Pacific 
Ocean from west to east. a) Normal conditions, b)  
La Niña-conditions and c) El Niño-conditions. 
After (Sturman & Tapper, 1996).



normal and extends the cold tongue from the east reaching across the Pacific. The region 
of  persistent  precipitation  is  located  over  the  maritime  continent.  Excess  rainfall  in 
Indonesia  and  Western  Australia  becomes  far  more  common  during  La  Niña-events 
(Sarachik,  2010).  The La Niña state can be described as a more intense state of the 
normal conditions.

2.1.5 Regions of persistent precipitation
The region of persistent precipitation is situated over areas with warm water in the tropics. 
Water warmer than 27.5 ºC is usually necessary to heat  the air  and give it  the moist  
required (Philander, 1989). The air in these regions rises and condensates leading to a 
release of latent heat to the surrounding air and more convection. The cloud tops of the 
deep cumulonimbus clouds can reach the top of the troposphere. The warm SSTs are not 
a sufficient criteria to have a region of persistent precipitation, it is also important to have 
additional moisture advected into the region from low-level winds (Philander, 1989). The 
evaporated  moisture  in  the  region  is  not  enough.  A lot  of  heat  is  released  into  the 
atmosphere in these regions from condensation, and the regions have less outgoing long 
wave radiation because of the deep cumulonimbus clouds and their very cold cloud tops 
(Philander, 1989).

2.1.6 Coral Sea
The Coral Sea is adjacent to Queensland in the north-east.  Mayer & Weisberg (1998)  
show that the SST in the Coral Sea are negatively correlated to the SST in the eastern 
Pacific. Meaning that during a La Niña event when colder SSTs occur in the east, higher  
SSTs are observed in the Coral Sea. While during El Niño events with a warmer eastern  
Pacific than normal, the SSTs in the Coral Sea are lower. Tropical cyclones often develop  
over the Coral Sea.

2.2 Weather in Queensland, Australia

2.2.1 The Australian summer monsoon

The Australian monsoon season takes place in  December-February when the ITCZ is 
situated over northern Australia. In July the ITCZ is placed 10-15 ºN of the equator, thus 
far away from Australia's coast line. A significant change in wind pattern is connected to 
the monsoon. In July (winter) the low-level south-easterly trade-winds reign in northern 
Australia when the subtropical ridge is located across the continent. In January (summer) 
the winds instead are coming from northwest when the equatorial  trough lies over the 
northern part of the continent. The ITCZ is connected to the thermal lows created from 
intense  heating  of  the  lower  atmosphere  over  the  Australian  continent.  The  summer 
monsoon correlates to the recorded rainfall during the previous Indian summer monsoon. 
Excess rainfall in India often lead to early onsets of the monsoon season in Australia. The 
correlation comes from the SST distributions in the Pacific and Indian Ocean. The onset is  
also  connected  to  the  40-50  day  Madden-Julian  Oscillation,  an  area  of  more  active 
convection that propagates eastward (Sturman & Tapper, 1996). In Australian summer the 
trade wind flow from south-east weakens. The onset of the monsoon circulation is the 
thermal lows created over the northern part of the continent. The mechanism called the 
monsoon can be explained by the onshore low-level winds from north heading for the low 
pressure over the Australian continent. The Coriolis force gives a deflection to the left in 
the southern hemisphere (Silver, 2011). The deflection gives the low-level winds from north 
a westerly component when they converge over the continent, an important factor for the 
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monsoon to develop. But the low pressure at the surface mainly affects the flow under  
3000 m and gives it  a westerly component, on higher levels the flow instead have an 
easterly component from the trades. Over the continent organized convection takes place 
and this area receives heavy precipitation. Above 3000 m height, in the upper levels, dry 
air is recirculating with an easterly component. In Queensland there also exist a quasi-
monsoon where the south-easterly trades are deflected into the monsoon trough,  it  is 
similar to the monsoon but not fulfilling all  criteria to be called a monsoon (Sturman & 
Tapper, 1996). The summer monsoon circulation resembles a synoptic-scale sea breeze. 
In figure 5 the circulation for northern Australia can be seen.

The monsoon season varies from year to year and can last in periods from two 
weeks to four months, often with so called break periods with less activity.  The onset  
mechanism of the Australian summer monsoon is normally that rainfall first appears which 
then triggers the wind change, but the time lag is not always present. The season is not as  
continuous  as  one  might  think,  instead  it  contains  of  more  active  periods  and  break 
periods with less activity. The active periods are characterized by an intensified and more 
poleward (southward) positioned monsoon trough, low-level westerlies and strong upper-
level easterlies. The convection gets more organized with the enhanced structure of the 
winds which leads to heavy precipitation. In the active periods there is series of convective 
features like tropical cyclones and depressions or a featureless broad region of convective 
activity (Sturman & Tapper, 1996). The break periods on the other hand have a shallower 
trough positioned closer to the equator, weaker winds and less rain. The Coriolis force that  
is weaker with less deflection of the winds closer to the equator (Silver, 2011) is one of the 
causes that make the monsoon trough less intense closer to the equator.

2.1.2 Tropical cyclones

A tropical cyclone is a low pressure system distinguished from the extratropical cyclones in 
mid-latitudes by among one thing not having any fronts. The tropical cyclones are probably 
the most symmetric of cyclonic circulations, but the vertical motion associated with them is 
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Figure 5: Schematic of the summer monsoon in the lower atmosphere over 
northern Australia. Showing the NW-monsoon winds north of the monsoon 
trough and the quasi-monsoon on Queensland's east coast. After (Sturman & 
Tapper, 1996).



not generally uniform. The cyclones contain large areas with ascending air that produce a 
lot of precipitation (Sturman & Tapper, 2006). The name for the tropical cyclone varies 
depending on where you are in the world, in North and Central America they are called 
hurricanes,  in  Southeast  Asia  typhoons  and  in  Australia  tropical  cyclones.  Tropical  
cyclones are well-known of causing severe destruction from the winds over 32.5 m/s (65 
knots) combined with heavy rainfall causing flooding, often costing many people’s lives.  
For example the hurricane Katrina over 1000 people perished, even though todays remote 
analysis gives us a possibility to forecast them better than before (Ackermann & Knox, 
2007). This is evidence of how severe and powerful these weather phenomena actually  
are. All mechanisms of the tropical cyclones are not fully understood today, but a simplified 
general description is given below.

Tropical cyclones form in the tropics and in the center of the cyclone there is a 
low pressure. The center often has clear sky and calm winds, from satellite pictures it is  
easy to understand that  it  is  called the eye of the storm.  The driving force in tropical 
cyclones is the large amount of latent heat released to the atmosphere when water vapor  
condensates.  The  air  in  the  tropics  is  homogenous,  warm  and  moist,  this  gives  the 
necessary energy for the ascending motion. The cyclone starts to form from a depression 
where air in low-levels converges. Around the low pressure centrum organized convection 
is formed, necessary to feed the storm with latent heat so that it can continue to grow. In  
tropical cyclones high evaporation is important to continuously feed the cyclone with latent 
heat, the strong winds at the surface is a factor that gives an increase in the evaporation.  
In the upper-levels of the atmosphere divergent flow transports away the ascending air,  
which  means  that  above  the  eye  there  is  a  high  pressure  in  the  upper-levels.  It  is 
necessary  with  divergence  in  the  upper-levels  to  develop  a  tropical  cyclone  and  the 
divergence  is  the  reason  for  the  descending  air  resulting  in  clear  sky  at  the  center  
(Sturman  &  Tapper,  1996).  Around  the  eye  there  is  a  wall  of  cumulonimbus  clouds 
extending  high  up  in  the  troposphere  showing  the  boundary  between  convection  and 
descending air. The upper-level divergence that by part is created by the cyclone itself is  
very important for the survival of the cyclone, and a jet stream or low pressure close to the 
top can quickly weaken and destroy the cyclone (Ackermann & Knox, 2007).

3. Data and methods

3.1 Objective

The objective  is  to  investigate  if  the  Coral  Sea's  SST anomalies  affect  the  minimum 
temperature, maximum temperature and rainfall in Queensland. The study focus on the 
monsoon season from November to January when heavy rainfall can cause floodings. A 
connection between SST distribution across the Pacific and effects on Australian weather 
is well-known. ENSO is what controls the larger scale circulation and affects the SST in the 
Coral Sea, but is it possible to find a connection between Coral Sea SSTs and Queensland 
temperature  and  rainfall?  How strong  is  the  connection  between  the  Pacific  El  Niño 
region's SST and the ones in the Coral Sea? Does the Coral Sea SST have effects on the 
weather patterns in Queensland during extreme La Niña/El Niño years? Which part of the 
Pacific has the strongest correlation between SST anomalies and the Coral Sea SST? 
Can the trend of increasing Coral Sea temperature have effects on the Australian summer 
monsoon?
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3.2 Data

The data  collected  from 41 weather  stations  located as  seen in  figure  6 are  used to 
describe the weather in Queensland. The stations with the longest record of data were 
used; these stations were listed on the Australian Bureau of Meteorology's (BOM) (2013) 
webpage. The stations selected were all in the Queensland region but most of the stations 
did not have continuous time series for the whole period and lacked data from time to time. 
Unfortunately no records from stations on the north-eastern peninsula in Queensland were 
used. Variables used to describe differences in weather patterns were monthly means of 
minimum temperature,  maximum temperature  and rainfall.  The data  were  downloaded 
from the Climate Data Online from BOM (2013) webpage.

The American webpage for the National Ocean and Atmospheric Administration 
(NOAA, 2013) provided data for the monthly mean SST anomalies in El Niño region 3, 3.4  
and 4. The data have been calculated for these regions using the HadlSST dataset. Data 
for the Coral  Sea monthly mean SST could be found from year 1900-2011 at Climate 
change – Time series, BOM (2013). In the Coral sea SST a trend was found, it is not fully 
understood the reasons for this trend. But the trend in ENSO towards a normal condition 
closer to La Niña conditions (Nicholls et al., 1998) could be a reason for this trend. The 
trend value calculated suggested a linear increase of SST with 0.0078ºC each year from 
1900-2011. In this study the trend value were subtracted from the SST anomalies giving a 
higher correlation to the El Niño regions. The period used for all monthly mean datasets in  
this study, was January 1900- December 2011.

3.3 Methods

To describe the connection between the SST in the El Niño regions and the Coral Sea 
correlation coefficients are calculated for SST anomalies each month of the year.  This 
makes it visible which months that have the strongest correlation. Correlation coefficients 
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Figure 6: Map showing location of the 41 weather stations used 
in this study marked by stars. The border of Queensland is the 
thick black line, while thinner lines represent topography.



are calculated for Coral Sea SST to El Niño regions 3, 3.4 and 4 to give a measure of how 
strong the correlations are. Comparing correlation coefficients for different months were 
also  possible,  displaying  which  months  have  the  strongest  correlation.  To  display  the 
change in rainfall and temperatures from the average over Queensland for the El Niño and 
La Niña events statistics like mean and deciles are used. The highest 10 % positive and 
negative SST anomalies between year 1900-2011 in El Niño region 3 are selected for 
each month of the year. The 10 % strongest negative SST anomalies are referred to as La 
Niña events in the following chapter 5 Results, while the 10 % highest positive anomalies 
are referred to as El Niño events. The following calculations are made for all 41 stations. 
The mean monthly rainfall and temperature for months with La Niña and El Niño events 
are calculated. Months when stations lack data are not taken into account. All the monthly  
mean data of rainfall,  minimum and maximum temperature are then sorted in order of 
magnitude for each station and divided into ten equal parts called deciles. Each of the 
deciles then represents 1/10 of the sample. The monthly mean value for El Niño and La 
Niña events are then compared to the sorted data and given a decile value, indicating how 
many deciles of the sorted data having a lower value. Contour plots are produced by 
interpolating all stations decile value for the area of study. The contour plots are produced 
for minimum temperature, maximum temperature and rainfall. The purpose of the contour 
plots  is  to  point  out  regional  differences  and  differences  connected  to  ENSO  of  the  
weather patterns in Queensland.

3.4 Statistics

3.4.1 Mean value
The mean value is calculated from a data set by summing the values and divide them by 
the number of values. Mean values for El Niño and La Niña events of minimum 
temperature, maximum temperature and precipitation in Queensland are calculated. The 
mean value is also referred to as the expected value and is a measure of the central 
tendency of a probabilistic distribution. 

3.4.2 Deciles
The median is the numerical value separating the higher half of a dataset from the lower 
half. The median value can be found by arranging all observations from the lowest value to 
the highest and then picking the value in the middle. If there is an even number of 
observations there is two values in the middle, and the median is equal to the mean value 
of the two observations.

Deciles are similar to the median, the difference is that there are nine decile 
values separating the dataset into ten parts. The observations are arranged from the 
lowest to the highest values, and decile 1 represents the lowest 0-10 % of the values, 
decile 2 the 10-20 % etc. Decile 5 and 6 are the 40-50 % respectively 50-60 % which are 
the deciles just  below and above the median value, the middle value of the sorted 
observations.
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4. Results

4.1 Correlations SST

Table 1. Annual mean correlation coefficient with Coral Sea and Pacific SST anomalies

Coral Sea SST Coral Sea SST minus trend value

El Niño region 3 SST -0.27 -0.37

El Niño region 4 SST -0.18 -0.29

El Niño region 3.4 SST -0.29 -0.36

The correlation between El Niño regions and Coral Sea SST is negative. The Coral Sea  
becomes warmer when El Niño regions are colder than normal (La Niña events), and the 
other way around Coral Sea SST is lower during El Niño events. The strongest annual 
correlations between El Niño regions and the Coral Sea SST, are found in region 3 and 3.4 
as seen in Table 1. By subtracting the trend value from the Coral Sea SST the annual  
correlation coefficient to ENSO becomes higher and the highest correlation coefficient was 
found for El Niño region 3. Therefore correlation coefficients are calculated for Coral Sea 
SST  minus  the  trend  value  and  El  Niño  region  3  to  display  the  mean  correlation 
coefficients for each month.

Table 2. Monthly mean correlation coefficient between Coral Sea SST trend corrected value 
and El Niño region 3 SST

Jan Feb March April May June July Aug Sep Oct Nov Dec

-0.21 -0.02 -0.07 -0.13 -0.25 -0.38 -0.49 -0.54 -0.56 -0.58 -0.54 -0.31

Table 2 shows that the time with the lowest correlation coefficient is in February 
and March where the correlation is close to zero. The value of the correlation coefficient is 
then  increasing  from  April  until  July.  For  the  period  July-November  the  correlation 
coefficient  is  relatively  stable  about  -0.5.  The  peak  of  the  correlation  coefficient  is  in 
October with -0.58. Then the correlation becomes weaker again in December and January. 
The period of strongest negative correlation is from August-November with values below 
-0.5.

4.2 Queensland weather patterns

4.2.1 La Niña

October

The rainfall  pattern for  October  is higher  than normal  during La Niña events,  figure 7  
shows  that  in  the  northern  part  most  values  are  in  decile  9.  Queensland  receives 
precipitation with the lowest values in decile 7 at a station in the Great Dividing Range. 

12



The maximum temperatures in the northern part, the Coral Sea and along the coast are 
slightly higher than normal in decile 7 as seen in figure 8. The values reach decile 8 in one 
station  in  the  northern  part.  The  inland  of  Queensland's  maximum  temperatures  are 
normal with values in decile 5-6. The minimum temperatures are above normal for La Niña 
events in October, having values mainly in decile 8 as seen in figure 9 below. Locally some 
stations have values higher in decile 9 for La Niña events and some stations have normal 
values in decile 5-6. The Coral Sea has a minimum temperature in decile 6.
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Figure 7: Mean rainfall deciles for Queensland in October during La 
Niña events defined in chapter 3.3 from El Niño region 3 SST.

Figure 8: Mean maximum temperature deciles for Queensland in 
October during La Niña events defined in chapter 3.3 from El Niño 
region 3 SST.



November

Excess rainfall  observed for  most  parts  of  Queensland is  showed in  figure 10.  In  the 
northern part and some parts of the inland the values are in decile 9. The mean rainfall in 
one station along the coast and in the Coral Sea during La Niña events are in decile 10. In  
the southern inland and the coastal region most values are in decile 7-8. There is one 
station in the south-eastern part showing normal values in decile 5 and one station in the 
western part of the Great Dividing Range showing a value in decile 4. Both minimum and 
maximum temperatures are colder than normal as seen in figure 11 and 12. The Coral Sea 
in the same figures is the only station with higher minimum and maximum temperatures 
than  normal,  reaching  decile  7-8.  Along  the  coastline  the  minimum  and  maximum 
temperatures are normal with values in decile 5-6. The coldest maximum temperatures in 
figure 11 are found inland of Queensland with values in decile 3 and some areas with 
values in decile 2. Figure 12 the minimum temperatures inland of Queensland are slightly 
lower than normal with values in decile 4 and in some areas with values in decile 3. Figure 
13 displays a plot of the precipitation pattern for the years when La Niña events defined in  
chapter 3 coincide with the warmest 10 % Coral Sea SST. The mean rainfall pattern for 
these years show very high values overall with values in decile 9 and 10. One or a few 
stations just west of the Great Dividing Range show lower values than normal in decile 4.  
The south-eastern part shows precipitation above normal in decile 7-8.
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Figure 9: Mean minimum temperature deciles for Queensland in 
October during La Niña events defined in chapter 3.3 from El Niño 
region 3 SST.
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Figure 10: Mean rainfall deciles for Queensland in November during 
La Niña events defined in chapter 3.3 from El Niño region 3 SST.

Figure 11: Mean maximum temperature deciles for Queensland in 
November during La Niña events defined in chapter 3.3 from El Niño 
region 3 SST.
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Figure 13: Mean rainfall deciles for Queensland in November for 
years during La Niña events defined in chapter 3.3 from El Niño 
region 3 SST coinciding with years of warmest 10 % Coral Sea SST 
anomalies.

Figure 12: Mean minimum temperature deciles for Queensland in 
November during La Niña events defined in chapter 3.3 from El Niño 
region 3 SST.



December-January

The precipitation pattern in December-January during a La Niña event showed in figure 14 
is above normal. The values range from decile 8-9 for most of Queensland, a station in the 
north shows values in decile 6 and an area just west of the Great Dividing Range show 
values in decile 7. Figure 15 displays the precipitation pattern of years with both La Niña  
events and the warmest 10 % Coral Sea SSTs. The precipitation pattern shows a few 
smaller areas with values in decile 10 and the values are overall high in decile 9 for most  
of Queensland. A few stations show normal values in decile 5-6, they are just west of the 
Great Dividing Range, in the south-east and in the north.
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Figure 14: Mean rainfall deciles for Queensland in December-January 
during La Niña events defined in chapter 3.3 from El Niño region 3 
SST.

Figure 15: Mean rainfall deciles for Queensland in December-January 
for years with coinciding Coral Sea SSTs in highest 10 % for the time 
series and La Niña events as defined in chapter 3.3 from El Niño 
region 3 SST.



4.2.2 El Niño
October

The rainfall pattern seen in figure 16 is ranging from decile 5-7 for most of Queensland 
during El Niño events. In the northern part the values are in decile 7 with a few stations 
that have values in decile 5 and decile 8. The south-eastern part have normal values in 
decile 5-6. The Coral Sea has a mean precipitation in decile 8. Figure 17 shows mean 
maximum temperature in decile 5-6 for most of Queensland. The region in southeastern 
Queensland with rainfall in decile 5 shows higher maximum temperatures as well reaching 
decile 7 in figure 17. The minimum temperature distribution in figure 18 in October for El 
Niño events is normal in decile 5-6. In the Western Queensland the values are below 
normal, reaching decile 2 in the north-western part.
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Figure 16: Mean rainfall deciles for Queensland in October during El 
Niño events defined in chapter 3.3 from El Niño region 3 SST.

Figure 18: Mean minimum temperature deciles for Queensland in 
October during El Niño events defined in chapter 3.3 from El Niño 
region 3 SST.

Figure 17: Mean maximum temperature deciles for Queensland in 
October during El Niño events defined in chapter 3.3 from El Niño 
region 3 SST.



November

Figure 19 shows the rainfall pattern in November during El Niño events and the rainfall is  
close to normal with values in decile 5-6 for most of the inland and coastline. Some areas 
have excess rainfall in decile 7-8 in the north-western part of Queensland, while Coral Sea 
have rainfall in decile 7. Some stations in the south and north shows less precipitation than 
normal with values in decile 4. The minimum and maximum temperature distribution in 
figure 20 and 21 show a similar pattern. In the western inland temperatures warmer than 
normal are observed. Minimum temperatures peak in decile 9 furthest to the west, while 
maximum temperatures are in decile 8 for the same area. Along the coast and in the 
northern part the temperatures are normal in decile 5-6. The Coral Sea temperatures are 
in decile 7 while some stations in the north show lower temperatures than normal.
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Figure 19: Mean rainfall deciles for Queensland in November during 
El Niño events defined in chapter 3.3 from El Niño region 3 SST.

Figure 18: Mean minimum temperature deciles for Queensland in 
October during El Niño events defined in chapter 3.3 from El Niño 
region 3 SST. 



December-January

The rainfall pattern is close to normal in December and January for both Queensland the 
Coral Sea with values in decile 5-6. Figure 22 shows precipitation pattern in deciles 5-6, 
but small local variations can be seen.
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Figure 21: Mean minimum temperature deciles for Queensland in 
November El Niño events defined in chapter 3.3 from El Niño region 
3 SST .

Figure 20: Mean maximum temperature deciles for Queensland in 
November during El Niño events defined in Chapter 3.3 from El Niño 
region 3 SST.



5. Discussion
The most  important  factor  for  changes in the atmospheric  circulation over  the tropical  
Pacific is the movement of the regions of persistent convective precipitation (Sarachik, 
2010). The heat source for the convection is located in the region with the highest SSTs. 
The SST anomaly amplitude is largest in the eastern Pacific, thus the best indicator of  
ENSO variations from SSTs is the regions in the eastern Pacific. Mayer & Weisberg (1998) 
show that the SST in the Coral Sea are negatively correlated to the SST in the eastern 
Pacific.  The same results are found from the correlation coefficients in this study.  The 
strongest negative correlation between SST in the El Niño regions and the Coral Sea are  
found for El Niño region 3. This is the most eastern region of the three used in this study. It  
is uncertain if the correlation coefficient actually is higher for region 3 than region 3.4, but  
that the correlation is stronger than compared to region 4 is more certain. Region 4 is the  
most western of the three regions and its lower amplitude in SST anomaly could be a 
reason for the weaker correlation. The central and eastern tropical Pacific SST correlates 
negatively to the Coral Sea SST, even though there is a positive trend in the Coral Sea 
SST the last 100 years. The increase of 0.0078  ºC/ year could be a direct effect of the 
global warming or the fact that there are trends in ENSO as well on different time-scales.  
Scientists  have found changes of  the correlations between ENSO and precipitation  in 
certain  areas from the 1970s until  today,  saying it  is  showing a climate shift  (Ullman, 
2001).  The  theory  with  a  shift  of  the  climate  is  supported  by  other  studies  on  other  
latitudes, especially a similar shift of the North Atlantic Oscillation. The trend of a shift of  
the average ENSO conditions closer to La Niña-conditions have been found by Nicholls et 
al. (1998).

The seasonal variations in the correlation between the tropical Pacific SST at 
Coral Sea SST are large. From the period after the monsoon season in February-May the 
correlation is very weak. In this period the effects from ENSO on the Coral Sea SST are  
small.  Weather  in  Queensland affected by if  the  Coral  Sea is  warm or  cold  has little 
correlation with ENSO. In autumn and winter the sea is warmer than the continent leading 
to a synoptic-scale land breeze opposing the summer monsoon, giving an arid climate for  

21

Figure 22: Mean rainfall deciles for Queensland in December-January 
during El Niño events defined in chapter 3.3 from El Niño region 3 
SST.



the inland of Queensland. The strongest correlation coefficients are found in the period  
July-November and indicate ENSO's importance for Coral Sea SST and the effects on the 
weather in Queensland. The period with the strongest correlation is just before the time of 
onset for the summer monsoon season.

ENSO and the summer monsoon

Excess rainfall  is  observed during La Niña-events in October.  The higher than normal  
minimum and maximum temperatures in Queensland during La Niña events could indicate 
that the thermal lows start to develop over the continent already in October. The higher 
temperatures and excess rainfall indicate more convection than normal as seen in figures 
7-9 in the chapter Results. The onset of the monsoon season can usually be seen from 
rainfall  at  first  followed  by  the  change  of  wind  direction  connected  to  the  monsoon 
(Sturman & Tapper, 1996). The average time when the monsoon trough has established 
over the Australian continent is in late November-December. The observed excess rainfall  
in October shows that convection starts earlier during La Niña events. The higher amounts 
of precipitation during La Niña-events for the summer monsoon season are connected to 
the early onset of the monsoon (Sturman & Tapper, 1996).

In November observations of high excess rainfall in decile 9-10 are observed in 
the northern part and in the Coral Sea, overall excess rainfall is observed in Queensland.  
The minimum and maximum temperatures are lower than normal except in the Coral Sea. 
In  the  figures  10-12  in  the  chapter  Results  the  low temperatures  and  excess  rainfall 
indicate that the monsoon season has started, and the monsoon trough has established 
over northern Australia earlier than normal. The warmer temperatures over the Coral Sea 
are probably connected to the warmer SSTs observed in Coral Sea during La Niña events. 
The lower temperatures observed during La Niña-events in November is connected to the 
excess rain falling, but could also show that cold surges from the northern hemisphere 
have taken place. The active periods of the monsoon are usually connected to these cold 
surges of air leading to heavier precipitation and a stronger monsoon circulation (Sturman 
& Tapper, 1996).

In December-January the higher than normal precipitation in decile 8-9 indicate 
that the monsoon season is either characterized by more active periods and less break 
periods or  heavier  precipitation during the active periods than normal  during La Niña-
events. The excess rainfall during La Niña-events for the whole monsoon season cannot  
just be accredited to the early onset of the monsoon season. La Niña must then also affect 
the actual strength of the monsoon circulation, the active periods and the break periods 
due to the higher than normal rainfall  in December-January as seen in figure 14. The 
figures showing precipitation for years with Coral Sea SST in the warmest 10 % and La 
Niña-events coinciding have overall higher precipitation than the mean precipitation during 
La Niña-events. Due to the correlation to ENSO the years selected with the highest Coral  
Sea SSTs is probable to be years with the strongest La Niña-events. The precipitation in  
figures 13 and 15 indicates then that the strongest La Niña-events often produce heavier  
precipitation for the monsoon season than moderate La Niña-events. Another possibility is 
that the high Coral Sea SSTs lead to moister air in the region and the convection gives 
heavier  precipitation.  The  precipitation  pattern  deviates  in  Queensland  for  November-
January in one or a few stations just west of the Great Dividing Range. The stations show 
lower values than the rest of the region as seen in figure 7, 10, 13, 14 and 15. This is 
consistent for all the figures and could be a local variation with topography as a reason for 
the anomaly. Similar anomalies for minimum and maximum temperature are not found in 
figures 8, 9, 11 and 12. There is a large variation of the length of the time series for each of  
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the weather stations. This could lead to that a station lacking climatic data from La Niña-
events create what seems to be a local variation.

During El Niño-events the effect on the weather in Queensland for the period 
October-January are not as significant as during La Niña-events. The La Niña-events are 
connected to a stronger and longer Australian summer monsoon. In figure 16, 17 and 18 
the weather  during El  Niño-events  in  October  is  close to  normal  for  most  areas.  The 
precipitation varies between decile 5-7 meaning that  the precipitation is normal or just 
above normal. In western Queensland the low minimum temperatures in decile 2-3 follows 
from the high precipitation in decile 7. The conditions are not particularly favourable or  
unfavourable for an early onset of the monsoon season since they are not deviating that 
much from the normal conditions. The temperatures are not higher than normal, which 
would  be  a  favourable  condition  for  an  early  establishment  of  thermal  lows  over  the 
continent. In November the precipitation is close to normal for most of Queensland during 
El Niño-events. Figure 19, 20 and 21 shows higher precipitation than normal in the north-
western part and higher temperatures south of the area with excess rainfall. This indicates  
a  normal  time of  onset  for  the  monsoon in  Queensland.  The high  values  are  on the 
western boarder of the region and should be reviewed carefully since data west of the 
region are not considered in this study. The precipitation pattern in all of Queensland for  
December-January is normal as seen in figure 22. At this time of year the monsoon has 
established and during El Niño-events the monsoon seems to have a normal behaviour. 
The effects from ENSO on the Australian summer monsoon in Queensland are significant. 
The effects from El Niño and La Niña are not the opposite on the weather in Queensland 
from October-January. It is well known that the effects on the weather are not the opposite 
for the warm and cold phase of ENSO as described in literature by Sarachik (2010).

6. Concluding remarks
This is  a  limited study for  a  small  area in  Australia  with  data  from 41 stations.  Local  
variations are hard to detect without a higher resolution grid. The general weather pattern 
in Queensland can be described through this method and data. The impact of  La Niña 
events in Queensland are significant during October-January, having an earlier onset of 
the monsoon and a monsoon during December-January with heavier precipitation. The 
study investigates only direct correlations and it is likely that there is a time-lag between 
ENSO phases and the summer monsoon. Normally when defining ENSO from SSTs in the 
El Niño regions the SST must remain above the El Niño/La Niña-value for three monthly 
means straight. In this study the two phases were defined from one month's SST, though 
the ocean has a large heat capacity and it takes time to change the SST the different  
definitions should not affect the results significantly. The differences between La Niña and 
El Niño conditions are important to understand; that they affect the atmospheric circulation 
and not just temperature and rainfall in an area. The results in the study are consistent  
with other studies and literature on the subject.
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