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Australia’s land and oceans have warmed by an average of almost one degree celsius in the
past century, with most of the warming occurring since 1950. Climate change is underway in
north-east NSW’s native forests. We have already initiated significant environmental
changes, though our future actions will determine the magnitude of those changes.
In line with world and Australian trends, NSW’s climate is changing, as noted by Hennessy
et. al. (2004)
From 1950 to 2003, the NSW annual mean maximum temperature rose
0.15oC/decade and the NSW annual mean minimum temperature rose
0.19oC/decade. There has been an increase in hot days (35oC or more) of 0.10 days
per year, an increase in hot nights (20oC or more) of 0.26 nights per year, a decrease
in cold days (15oC or less) of 0.22 days per year and a decrease in cold nights (5oC
or less) of 0.29 nights per year.

As climate change gathers momentum it will have a myriad of consequences for north-east
NSW:
• Temperature increases are likely to exceed 2 degrees sometime later this century.
Rises leading to more extreme heatwaves, increasing evaporation, more intense
droughts, and increases in extreme fire weather and wildfires.
• Rainfall is likely to become more erratic, with downpours increasing in intensity and
longer dry periods. Floods will increase in frequency and size. Hail storms will
become more frequent.
• Sea-level rises are likely to exceed 50cm sometime this century, though could rise
more than a metre.
• Cyclones and East Coast Lows may become less frequent, though their magnitude is
likely to increase. Storm surges will increase in size and attack coastal defences,
backed by extreme winds and rainfalls.
The East Australian Current has a major influence on north-east NSW’s weather. It is
warming and extending south. It warming waters are energising our weather system. As sea
temperatures rise along the coast this will add to sea level rises and fuel a greater
intensification of storm systems.
Even if we ceased CO2 emissions today we have already put in train significant future
impacts. Sea-levels are going to continue rising for centuries. The longer we go on polluting,
particularly at our current accelerating rate, the more extreme those impacts will be.
Currently, in regards to both emissions and impacts, we are trending along the worst case
trajectory. As we proceed down this path it is becoming increasingly apparent that many of
the impacts are a lot worse than we imagined a few years ago.
Limiting climate change will require substantial and sustained reductions of greenhouse gas
emissions, and we have not started yet.

Temperatures
Australia’s climate is warming at an accelerating rate (CSIRO & BoM 2012, 2014):
• Global mean temperature has risen by 0.85°C from 1880 to 2012
• Australian annual-average daily mean temperatures have increased by 0.9 °C since
1910.
• Australian annual-average daily maximum temperatures have increased by 0.8°C
since 1910, with most of the warming trend occurring since 1970.
• Australian annual-average overnight minimum temperatures have warmed by more
than 1.1 °C since 1910, with more than 0.8 °C of that warming occurring since 1960.
• Australian average temperatures are projected to rise by 0.6 to 1.5 °C by 2030 when
compared with the climate of 1980 to 1999
• Australian average temperatures are projected to rise by 1.0 to 5.0 °C by 2070 when
compared with the climate of recent decades.
The Office of Environment and Heritage (OEH 2014) consider:
The North Coast Region is projected to continue to warm in the near future (2020–2039)
and far future (2060–2079), compared to recent years (1990–2009). The warming is
projected to be on average about 0.7°C in the near future, increasing to about 2°C in the
far future. The number of high temperature days is projected to increase, while a
reduction is anticipated in instances of potential frost risk.

According to OEH (2014) maximum temperatures are projected to increase by 2060–2079
by 1.5 – 2.4°C and minimum temperatures by 1.6 – 2.5°C . The number of cold nights will
decrease.
On average, the North Coast experiences fewer than 10 hot days per year (when maximum
temperature is greater than 35°C) The number of hot days will increase, with another nine
hot days by 2070. Inland around Casino and the Richmond Valley is expected to have a
relatively greater increase with up to 20 more hot days per year by 2070

Rainfall
It remains uncertain how climate change will effect rainfall in north-east NSW, though some
Australian changes are apparent (CSIRO & BoM 2012, 2014):
• spring and summer monsoonal rainfall across Australia’s north appears to be
increasing,
• late autumn and winter rainfall across the southern Australia is decreasing
• Climate models suggest long-term drying over southern areas during winter and over
southern and eastern areas during spring.
• an increase in the number of dry days is expected,
• an increase in intense rainfall events is expected in many areas
Hennessy et. al. (2004) expect rainfall in north-east NSW to marginally decline into the next
century in summer and, most significantly, spring. He expects the combination of declining
rainfalls and rapid rises in evaporation (due to rising temperatures) will cause a general
drying of the landscape (Hennessy et. al. 2004a). OEH (2014) consider that rainfall is
projected to decrease in winter and increase in autumn and spring.
The expected increase in the intensity, duration, and frequency of extreme rainfall events will
have significant impacts on erosion and flooding. In north-east NSW the most extreme
rainfall occurrences are generally considered to be in the inland mountainous regions, where
rainfall events greater than 500 mm a day have been recorded (Abbs 2004)
CSIRO (2007) note that by 2070 the Northern Rivers is likely to experience an increase in
extreme one day rainfall events of 5-10%. Though these changes may not be as apparent in
the immediate future, as Abbs (2004) modelled likely changes in extreme rainfall events from
2000 until 2040 in north-east NSW and south-east Queensland, finding that the extreme
rainfall events increase in intensity over the mountainous terrain but tend to decrease
elsewhere. Abbs (2004) notes “The 2040-climate curve shows that extreme rainfall events
are predicted to become both more intense and more frequent. The most extreme rainfall
events are up to 30% more intense”.
McLuckie et. al. (2006) note “Preliminary results from this work generally show a trend for
maintaining existing rainfall intensities to 2030 with increased rainfall intensities across the
NSW coast by 2070 across the full range of ARIs assessed. ... Therefore, the impacts of
climate change on rarer events, of more interest in flood risk management, appears to be
greater than in more frequent events and could be well in excess of 10% by 2030 and 20%
by 2070. Therefore increasing rainfall intensities in higher ARI events is a real possibility for
NSW even with a reduction in average annual precipitation.”
Hennessy et. al. (2004b) used four climate models to project changes for the years 2030 and
2070, which indicate that for north-east NSW: extreme one-day rainfall events are likely to
decline in Autumn and Winter and increase in Spring and Summer by 2070, and “Most

models project an increase in the intensity of extreme rainfall in spring and summer on the
north-east coast”;
Haines and Thom (2007) note:
With respect to rainfall, a decrease in average rainfall is predicted by HENNESSY et
al. (2004b), particularly during winter and spring and is likely to result in an increase
of droughts by about 70% by the year 2030 and by more than 200% by the year 2070
(HENNESSY et al., 2004a). An increase in actual rainfall storm intensity is also
predicted (WALSH, 2004a; HENNESSY et al., 2004a). Further, in response to
increased global air temperatures, evaporation is likely to increase by between 1%
and 8% by the year 2030 and by between 2% and 24% by 2070 (relative to 1990
levels) (HENNESSY et al., 2004b).
Abbs (2004) found that “the most extreme current-climate rainfall events will become more
frequent, with the 1-in-40 year event of today corresponding with a 1-in-15 year event in
2040”.
In relation to flood frequencies, McLuckie et. al. (2006) state that “current design events
would happen more frequently as rainfall intensities increase. For instance, the current 100
year event could occur every 50 years as a result of an increase in rainfall intensity of just
over 10%. The same event could occur every 20 years with a 30% increase in rainfall
intensity. This may result in more regular damaging flood events with resultant increase in
the frequency the community is exposed to the associated hazards and damages. Economic
and social impacts could be potentially devastating”.

Marine
It is evident that climate change is having a significant impact on our seas, they are rising as
they warm, expand and are fed by melting terrestrial ice masses, the atmospheric carbon
they are absorbing is acidifying their waters, species are moving south, giant kelp forests are
disappearing to the south and corals are bleaching to the north.
The trends are clear, as recognised CSIRO & BoM (2012, 2014):
• global mean sea level has risen by 225 mm from 1880 to 2012;
• sea-surface temperatures in the Australian region have warmed by 0.9°C since 1900;
• sea-surface temperatures around Australia have increased faster than the global
average; and,
• ocean acidity levels have increased since the 1800s due to increased CO2
absorption from the atmosphere.
Around Australia sea-levels have been rising at an accelerating rate in recent times, with
rates of 1.7+0.3 mm per annum for the 20th century, 3.1+0.4 per annum from 1993-2004 and
5.3 mm per annum from early 1990s to Jan 2006 (White and Church 2006).
There are various estimates of possible sea-level rises relative to 1990. Globally the IPCC
(2013) identify the likely range of sea rises under various scenarios to be 18-38 cm by 20462065, and 26-82 cm by 2081-2100. For the worse scenario they note “the rise by the year
2100 is 0.52 to 0.98 m, with a rate during 2081 to 2100 of 8 to 16 mm yr ”.
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Horton et.al..(2013) summarised that “the IPCC AR5 projected a likely (i.e. 66% likelihood
range) global-average sea-level rise of 28-61 cm for a scenario of drastic emissions
reductions (RCP 2.6) and 52-98 cm in case of unmitigated growth of emissions (RCP 8.5) by

AD 2100 (relative to AD 1986-2005)”. Horton et.al..(2013) sought to review this by surveying
90 leading sea-level experts, finding:
Most experts estimate a larger sea-level rise by AD 2100 than the IPCC AR5
projects. The body of expert opinion is more in line with the recent NOAA sea-level
scenarios. We expect on average about 0.5 m of sea-level rise for the low and 1.0 m
for the upper temperature scenario. Thirteen experts estimated a 17% probability of
exceeding 2.0 m of sea-level rise by AD 2100 under the upper temperature scenario.
The waters off the coast of NSW are projected to warm at above average rates due to a
strengthening of the East Australian Current, with temperature increases of 0.6-0.9ºC by
2030, with this possibly doubling by 2050 (CSIRO 2007c). Due to this increasing heat there
is expected to be an above average sea-level rise this century (about 0.2 m above the global
average) off the east coast of Australia (CSIRO 2007c, Church et.al. 2008)
As the seas rise they are attacking the coastline. On natural sandy coasts the active beach
system comprises dunes, the beach, and out to sea as far as the waves affect the seafloor.
As the seas rise the active beach system seeks to maintain its equilibrium profile as it moves
inland. An array of factors influence beach recession associated with rising sea-levels,
including changes in the frequency and intensity of severe storms, background rates of
recession (or accretion), sediment supply and changing wave environments. SMEC (2009)
identify that “Shoreline retreat can be 50 – 200 times the vertical sea level rise, depending
on coastal geomorphology”. This means that for a metre sea-level rise, sandy coasts want to
move inland by 50--200m.
Human infrastructure is increasingly coming into conflict with coastal recession. Coastal
squeeze is occurring as beaches, mangroves and saltmarsh are being eroded by the sea but
are prevented from retreating inland as we defend our roads and buildings.

Climate Variability
Future climate change is usually considered in terms of averages, though it is its effects on
extremes that affect us the most. In north east NSW the principal climatic variations on
interannual scales (2-7 years) are related to El Nino and La Nina events. Overlying these are
multi-decadal (16-32 years) variations due to the Inter-decadal Pacific Oscillation (ie Chan
2008, Bryan et. al. 2008, WMO 2006, Church et.al. 2008).
El Nino events are associated with below average rainfall, droughts, higher daytime
temperatures, heatwaves, suppressed sea levels, reduced sea surface temperatures, less
frequent cyclones, and cyclones forming further to east. La Nina events are associated with
above average rainfall, floods, lower daytime temperatures, rise in sea levels, increased sea
surface temperatures, more frequent cyclones, cyclones forming further to west, and more
intense East Coast Lows.
It appears that climate change is causing an intensification in the El Nino cycle (McGregor
et. al. 2013, Power et. al. 2013)) which means extreme weather is becoming more extreme.

Extreme Events
The frequency and intensity of extreme events is increasing and will continue to do so into
the future. Drought conditions are intensifying due to the more erratic rainfall, higher
temperatures and higher evaporation. These too are increasing the frequency and intensity
of wildfires. Floods are increasing due to increasing atmospheric moisture and intensifying

rainfall events. Extreme storms may decline in frequency, though are increasing in intensity,
along with their associated flooding, winds and storm tides. Hail storms are also increasing.
McLuckie et. al. (2006) note that an increase in extreme events would “have significant
implications for flooding due to an increase in occurrence of flood producing weather
systems with associated increase in frequency of flood events for coastal areas of NSW.
This work also predicts an increase in the confluence of extreme wind and rainfall events,
with associated potential impacts on the level of wave activity (and ocean levels) during
flood events with expected changes in ocean storm surge and run-up levels.”

Storms
The most extreme storms to affect north-east NSW are East Coast Lows and Tropical
Cyclones. Storm hazards are related to strong winds, intense rainfall, flooding, large waves,
storm surges, and coastal erosion.
Tropical cyclones are intense tropical low pressure weather systems. Tropical cyclone
activity is influenced by a variety of physical factors, such as sea surface temperatures, wind
shear, moisture availability, and atmospheric stability (Santer et. al. 2006). Sea surface
temperature is the prime contributor (Queensland Government 2001, CSIRO 2007c). CSIRO
note:
In the Australian region, variations in the number of tropical cyclones from year-toyear are strongly correlated with local sea surface temperature before and near the
start of the cyclone season, with the strongest correlations being with October sea
surface temperatures.
The impacts of climate change on the intensity and frequency of tropical cyclones (including
typhoons and hurricanes) is widely debated. In summary the numbers of cyclones around
Australia are expected to decrease, though may increase off north-east Australia. Cyclones
are expected to get bigger and move further south (ie CSIRO & BoM 2012).

Figure: Simulated change in annual average tropical cyclone occurrence in the Australian region for 40-year time slices
centred on 2030 and 2070. Blue regions indicate a decrease in tropical cyclone occurrence and red regions indicate an
increase in occurrence. Results are from the CCAM Mark3 simulations forced with the SRES A2 scenario presented in Abbs et
al.(2006), cited by CSIRO 2007c).

As cyclone tracks are projected to extend polewards (Church et. al. 2008, Leslie et. al. 2007,
Solomon et. al 2007, CSIRO 2002, Walsh and Katzfey 2000, Hennessy et. al. 1998,) irrespective of
changes in the overall numbers of cyclones, they are likely to impact on north-east NSW more frequently,
as noted by Hennessy et. al. (1998):
Tropical cyclones may occur further south with the result that more systems may
affect northern coastal NSW and more may redevelop into severe extratropical lows
further south.
For Australia, global warming is expected to result in increases of up to 20% in average and
maximum cyclone intensities by 2050 (McInnes et. al. 2000, Pittock 2003).
For Queensland the Department of Natural Resources and Mines (2004) note:
tropical cyclones are expected to become more intense ...by 2050. The amount of
rain produced by tropical cyclones is also expected to increase by up to 30 per cent
over the same period, with implications for flood levels
From their modelling of tropical cyclones Yoshimura et. al. (2006) found:
Mean precipitation near TC centers is heavier in the greenhouse-warming
experiments than in the present-day-climate experiments, as compared for TCs with
the same maximum wind speed. Since heavy rainfall near TCs sometimes causes
severe floods, heavier precipitation could have important societal effects in a warmer
climate.
East Coast Lows are intense low-pressure systems which can develop rapidly off the
eastern coast of Australia, most frequently during autumn and winter and often in clusters.
East Coast Lows have been identified as responsible for 16% of all heavy rain events, and
7% of major Australian disasters (Wiles et. al. 2009). East coast low pressure systems are
expected to become less frequent with climate change, though their intensity is expected to
increase (Hennessy et. al. 1998, CSIRO 2002).
The likely southward extension of the East Australian Current will bring warmer water further
southward along the east coast and enable a greater intensification of storm systems,
Church et. al, (2008) report:
In a climate model simulation in which this pattern of EAC intensification occurs, it
was found that east coast low pressure systems with central pressures of 990 hPa or
deeper were 60% more frequent in 2070 (McInnes et al. 2007b).

Storm Tides
The impacts of extreme storms on coastal communities is accentuated by storm tides. A
storm tide is the total elevation of the sea above or below mean sea level due to the
combination of astronomical tides, storm surges and wave setup. Storm tides elevate sealevels and thus allow waves to directly attack sand dunes and infrastructure, while backing
up water in estuaries and increasing flood heights.

Elevation of water levels during a storm (from NSW Coastal manual 1990)
During a storm the combination of reduced barometric pressure and winds result in storm
surges. The magnitude of the surge is related to the combination of the reduced pressure,
surface winds, the speed of the storm and regional bathymetry. Surges can last for periods
of several hours, generally manifesting as gradual increases in water levels which can
accelerate rapidly near the peak of the surge. Under the present climate NSW (1990)
identifies that storm surge can elevate ocean water levels along the NSW coastline by 0.3 to
0.6m. Though, based on the likelihood of more intense cyclones around Byron Bay, DPW
(1978) assume storm surges of up to 1.2 metres.
Also during storms the breaking of the swell and waves driven ashore by storms results in an
increase in water level within the surf zone known as “wave setup”, which adds to the storm
surge impact. The degree of setup depends upon the type, size and period of the waves at
breaking and the slope of the beach (NSW 1990). The NSW Coastal Manual recognises that
under the present climate “On the New South Wales coast wave setup during severe storms
can be in the order of 1.5m and often makes the largest contribution to the elevated water
level”.
Wave runup refers to the vertical distance the uprush of water from a breaking wave reaches
above the elevated water levels. The magnitude of runup is directly related to the significant
wave height, though is influenced by a variety of other factors, particularly the wave period,
beach slope and roughness of the runup surface. The NSW Coast Manual (1990) identifies
that “A wave runup of more than 6m can occur”.
The impact of storm surges is proportional to the height of the tide. Dewar and McLuckie
(2008) identify typical peak ocean levels along the NSW coast as -0.4m for a low tide, +0.6
m for a high tide and +1.1m for the highest tide in a year. Together the tide, storm surge and
wave setup constitute the storm tide.
As sea-levels rise and storms intensify so too will the magnitude and impacts of storm tides.
Hardy et.al (2004) modelled an increase in cyclone intensities and frequencies of 10%, a
poleward shift in tracks of 1.3o (about 130 km) and a mean sea level rise of 300mm and
found that for the Sunshine coast this scenario resulted in a storm tide increase of about 0.5
m at all return periods, while for Hervey Bay the increase varied from around 0.5 to 0.6 m for
a 10 year return period to 0.8 to 0.9 m for a 3000 year return period.

Church et. al (2006) found that for Australia extreme sea-levels “that occur on annual to
decadal timescales increased their frequency of occurrence by a factor of about three during
the 20th century”. Based on this, Hunter (2008) estimates that for a mean sea level rise of
0.5 metres the mean multiplying factor for Australia would be 286, “indicating that events
which now happen every few years would happen every few days”, “or the present ‘100 year
event’ happening every few months”.

Hail Storms
There is also expected to be a significant increase in the intensity and frequency of hail
storms affecting north-east NSW due to climate change. CSIRO (2007c) note:
Projections of changes in hail risk for the end of the century (based on the A2
scenario) indicate a dramatic increase along the southeastern coastline

Figure: Projected changes in hail risk (hail-days per year) for 2030 and 2070 from the CSIRO Mark 3.5 model for the SRES A2
scenario. Blue regions indicate a decrease in hail risk and red regions indicate an increase in hail risk. The large-hail risk for
this region is projected to almost double, increasing by between 4 to 6 days per year. (From CSIRO 2007c)

Fire Storms
The projected hotter, drier, windier conditions associated with climate change are increasing
the frequency and intensity of bushfires in Australia. The fire storms being experienced in
southern Australia are the worst manifestations of this.
The Forest Fire Danger Index (FFDI) is used in NSW to quantify fire weather. The FFDI
combines observations of temperature, humidity and wind speed with an estimate of the fuel
state. The highest average FFDI occurs in spring and the lowest in autumn. Fire weather is
classified as ‘severe’ when the FFDI is above 50. Severe fire weather conditions are
estimated to occur on average two days per year at Casino, but are rare at Lismore and
Coffs Harbour (OEH 2014). Severe fire weather days are projected to increase in summer
and spring
Using the Forest Fire Danger Index as an indicator of fire risk, Hennessy et al. (2005)
predicted an increase in very high and extreme risk days by 12% to 15% in Coffs Harbour
and by 13% to 18% in Williamtown by 2050. This equates to an increase from the current
average of 4.4 days a year to up to a possible 7.6 days a year for Coffs Harbour, and an
increase from the current 16.4 days a year in Williamtown to up to 23.6 days.

Changes in annual mean number of days with FFDI greater than 50 by 2070 (OEH 2014)
Carbon Storage
Sequestering and Storing Carbon in Forests
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