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CLIMATE CHANGE
2050 COMPARED TO 1995
RCP 8.5 HIGH EMISSIONS.

HIGH CLIMATE SENSITIVITY

MONTHLY VALUES SEASONS

LIMITED SCOPE

This report assesses the climate change effects expected for Gladstone, QLD, by 2050. As
this is about the future, i made on th issions between
1995 (the baseline year) and 2050. In line with the IPCC Fifth Assessment Report (ARS)

by the Intergovernmental Panel on Climate Change (IPPC, 2013), the RCP8.5 emission
pathway was selected to describe these future emissions. Although itis the pathway with
the highest emissions, it still conforms with a business-as-usual scenario where limited
measures are taken to decrease the global emissions of greenhouse gases.

Another assumption is made about climate sensitivity. This is a factor that describes the
relation between the increase in i a and the
resulting increase in air temperature. Some Global Circulation Models (GCMs) show a
high sensitivity, while others show a lower response. This report uses the high climate
sensitivity in order to capture the upper echelon of climate change effects.

Where possible, results in this report are disaggregated to a monthly level, next to the
change in yearly values. This allows for showing différences in climate change between
wet/dry and coldeér/warmer seasons.

Asthis report s the result of a quality-controlled but semi-automated process, it is
necessarily limited in the scope of the outputs presented.

ISSUES

Has detailed high resolution modelling
of extreme wave height and point over
threshold modelling of all the components
of an extreme sea level rise event been
completed including local bathometry?

Has modelling been undertaken to
forecast the required capacity draining and
recovery of Port infrastructure from the
combined effects of a storm surge and sea
flooding and extreme rainfall, land-based
flooding that includes the wider supply
chain for the Port’s commodity products

including potential loss of production

from mines themselves owing to extreme
rainfall, flood or drought and fire-related
hazards such as loss of power supply. If at
risk, what measures are in place to mitigate
these risks?

What are the current design thresholds/
parameters in relation to climate stress
(temperature, extreme wind, flooding,
fire etc)? Are failure limits sufficient under
future climate?

ISSUES

Has water scarcity in the future been
addressed for commodity suppliers
(mines) and also for the Port tself through
increasing storage capacity or supply
contracts?
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CMIP5
CLIMSYSTEMS
CHANGE PATTERNS

STATISTICAL
DOWNSCALING

FULL ENSEMBLE
OF GCMS

RCP 85

CLIMATE SENSITIVITY

HIGH

The outputs in this report are generated using the results of the IPCC Fifth Assessment
Report (ARS) by the Intergovernmental Panel on Climate Change (IPPC, 2013). These
results are freely available to the public, on the CMIPS website (http://cmip-pcmdilinl.
gov/cmips/data_portal.html). However, the formats and sheer quantity of information
make it challenging to process and apply the data to generate useful information, That
is where CLIMsystems comes in. We have downloaded, processed and analysed the
data and these in change patterns (see Annex 1 for a list). Change patterns
describe the (linear) relationship between a local change and a global change for any of
the climate variables.

Change patterns have a spatial resolution that in first instance is dictated by the Global
Circulation Model (GCM) they are based on. Using additional information, the patterns
can be“downscaled”to a higher resolution. We are using “statistical” downscaling to
generate higher resolutions.

The different GCMs produce di because they use different sets of processes,
different spatial and temporal resolutions, and are validated on different datasets, with
different emphasis on locations. Thus instead of using just one GCM, the preferred
approach s to usé an ensemble of GCMs, whereby their results are combined (Tebaldi
and Knutti, 2007). Research (Wigley, 2008) has shown that an ensemble outperforms any
single member of that ensemble. This report uses the full set of available GCMs for each
specificoutput.
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emissions. In ARS, these emissions are described by the RCP's, Representative

Concentration Pathways, with four different definitions, each presenting a different

society with different policies and use of energy resources like fossil fuels.

The outputs of this study are based on the RCP8.5 pathway with the highest emissions, as
thisis the path we are currently following, with no clear reductions of emissions anytime
soon. It wil therefore show what will happen if we do not act.

Climate sensitivity describes the relation between the increase in atmospheric
greenhouse gas emissions and the resulting increase in air temperatures. Itis not an input
to the GCMs but a result of all the physical, chemical and biological interactions that are
modelled. Some GCMs show a high sensitivity, while others show a lower sensitivity. This
report uses the high climate sensitivity in order to capture the potentially upper echelon
of climate change effects.
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Summary of Impacts: Slow onset warming that is moderated somewhat by the proximity to the sea whose temperatures rise more
slowly than more continental areas. Extremes rising in magnitude along with heatwaves that will become more frequentand also with
greater maximum temperatures with implications for health and social services and also energy demand.

Temperature

-

Annual Temp.
Change in Global Mean Temp.

Me:

Change in Regional/Local Mean Temp.

1/100yr Extreme Max. Temp.

treme

fn}

Monthly and Mean Temperature

Summary of data: Projected change
in daily maximum temperature from

an ensemble of GCMs. The 10- and
90-percentile are given as well as the
median. The 90-percentile corresponds to
the value that 90% of the GCMs stay below.
The change in temperature is relatively
uniform over the year as depicted inthe
monthly graphic. There is a slightincrease:
in the range of temperatures i the winter
(greater increase month on‘month) than

in the summer months meaning that
overall winters will become milder and

the inicrease in temperatures relative to

the baseline temperature will be greater:
inthe winter monthsthan in the summer
months.

Ramifications: There is a slightincrease
in the range of temperatures in the winter
(greater increase month oA month) than
in the summer months meaning that
overall winters will become milder and
the increase in temperatures relative

to the baseline temperature will be
greater in the winter months than in the
summer months. Overall this will lead

to a shortening of the cooler period for
Gladstone resulting in longer summers
and earlier springs. By 2050 this will mean
approximately one additional month of
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 Monthly and annual average daily maximum temperature

summer and spring time temperatures
arriving one month earlier or a shortening
of the winter temperature period by two
months.

The shift in temperature regimes,
effectively shortening the length of
winter time low temperatures. Extremes.
in temperatures increases on a annual
basis are moderated somewhat for
Gladstone by its proximity with the sea.
The days when cooling will be required
could extend markedly by 2050 with a
potential additional two months added

tothe warmer season and this will have
concomitant impacts on energy demand
and potentially water. There can be health
implications with changes in length of
warm season with disease vectors able to
overwinter.

b. Heat Waves and Cooling Degree Days

Data Summary: Heat waves are periods of
consecutive days with high temperatures.
They are extreme events, which show a
stronger response to climate change than
averages (i.e. monthly temperatures).

The table shows the change in average
maximum temperatures from 5-day
periods for different return periods. A
return period, also known as a recurrence
interval, is an estimate of the likelihood
that an event (such as an earthquake

or flood) will occur. For example, the
probable incidence of a particular level of
flooding might be once every 100 years
(return period); otherwise expressed as its
probability of occurring being 1/100, or 1%
in any one year.

Ramifications: Heat waves not only
occur more often they will also become
hotter. The one in two year events of 5
consecutive days with a temperature

Cooling.
Degree Days
Baseline 1621 % change
1883 139
2050 21m 22
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CHANGES IN EXTREME TEMPERATURES
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Heath issues are paramount during
extreme temperature events. Worker
performance and injury during heat
waves is already an issue and willonly
b

b. Changes in extreme temperature values by re‘

A4

by 2050 will transiate to a considerable
impact on energy required for cooling.
OF course technology changes cannot for
discounted but the potential for a sharp

by the shift toward

inci gy demand in line with

d more frequent
return periods for such extreme events,
Energy demands for€goling will become:
greater while efficiency for fossil fuel based
generation units declines as temperatures
rise. Energy transmission infrastructure

is also taxed by high temperature events
and the confluence of high temperatures,
high energy demands, reduced generation
‘efficiency and infrastructure overloading

\t toward risks to the power

warmer

g

above 34.2 degrees will occur every yéar
by 2050. The one in five year evetwil
have a 70 percent probability of occurring
in any one year by 2050 or 2.5 times

more frequently. The 1in 100 year event
could have a 14 percent risk of occutring
eachiyear by 2050. Moreover the five day
temperatures would be hotter at 35.7
degrees by 2050 forthe 1.4 yearreturn
periodfor the cuiftent 2 year return period
and 384 degrees for five days running for
the 7.1 year return period in 2050 for the
current 1in 100 year event. Heat waves
can also be related to cooling degree days
that are translated to energy demands. The
table for cooling degree days for Gladstone
shows a steady increase with near 14
percent more cooling degree days in 2030
and 23 percent by 2050.

grid and serious community health risks
if power supplies are interrupted. As the
degree day table depicts upward to a 25
percent increase in cooling degree days

hand greater night
time temperatures and higher day time
temperatures all factor into demand.

Day Heat wave Future 5 Day Temp Baseline Rtn Period Yrs
Return Baseline 2030 2050

period Yrs Degrees C DegreesC Degrees C 2030 2050

34.2 351 35.7 12 1.0

5 35.1 36.0 36.6 21 14

10 35.6 36.5 37.2 3.5 19

20 36.1 36.9 376 5.8 27

50 36.6 37.4 38.1 1.7 4.7

100 36.9 37.8 38.4 19.8 Tl

Degree days and climate change
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Summary of Impacts: Slow onset climate change will result in a reduction in annual precipitation with most of that reduction coming
from the wetter summer months with winter precipitation largely unchanged. Extremes will however become slightly more extreme

with implications for flood management.

Precipitation

Mean Annual Precip.

Change in Local Mean Annual Precip.
Intensity of a 1/100yr Event

Intensity Changes of a 1/100yr Event
Number of Days of Severe Drought

Extreme Mean

Annual and Monthly Mean Precipitation

Summary of data: The change in
precipitation as a result of climate change

is different from place to place. While some
locations show an increase, others show the
opposite. It can also change through the year.
The table below shows the change from a full
GCM-ensemble per month, as well as annually,
showing both the average and median (as a
percentage of the baseline), which are usually
close. Italso shows the 10-and 90 percentile
values, which express the uncertainty in the
modelling results. Some locations/months
will show both negative and positive vaiués)
indicating that precipitation could inirease o
decrease.

Ramifications: Gladstone s likely to facea
decreasefin annual precipitation over time with
the miajority of the trimming in rainfall coming
during the wetter months with the drier winter
months remaining relatively stablelItis not a
profound decreasé but considering that over
time extremes are likely to increase then the

Units Baseline 2030 205Q, Trend onfidencef
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of the port and the wider region. This also
needs to be considered in conjunction with

time d y
(decrease) of the interim rainfall€ould become
more noticeable and have widerimpacts.

the rising d lengthening of the
warmer season and shortening of the cooler
winter period when water demand is reduced.

Evapotranspiration rates will increase and
d household

hese changes in rainfall reg) h ch
in temperature could lead to additional water
stress that is of short duration but would stil
have consequences for water supply. Overall
the implications are related to management of
the water supply given the overall decrease in

water for use could
increase and alternative approaches to storage
of rainy season precipitation may need to be
considered such as household water tanks and
community water tanks capturing water from
larger paved areas. Commercial properties may

annual rainfall in light of

already be considering rainwater capture for

population growth and industrial

b. Extreme Precipitation Events

Summary of data: Percentage change in
the magnitude of extreme daily events for
given return periods. The same percentage
change value can be used for different-
length extreme events (from 1-day to
multi-day). In general, the percentage
increase for the more rare events (100+
year events at the bottom of the table) will
be higher than the increase of the more
frequent events (at the top of the table).

Ramifications: Extreme events and their
magnitude change marginally for the
shorter return period events of between 2
and 5 year return periods. They do intensify
slightly in contrast with the decline in
annual precipitation expected across the
region. Implications for shifts in flooding
are not strongly related to the increase in
the intensity of individual events but are
marked by an increase in frequency. The
shortening of return periods is telling with
the 1in 100 year event almost doubling in
frequency by 2050.

The methodology used is capable of
showing an increase in extreme event
magnitudes even for locations where
the climate change drives a decrease in
average precipitation. The

CLIMATE VARIABLE PRECUMPIEVARIABLE SPECIFY HERE

Return Period  Baseline 2030 2050
Years mm mm BaseRP  mm Base RP.
2 99 101.9 19 104 18
3 1229

5 150.1
10 185.1
205.2
2195
239.8
2543
265.6
3011
322.
3374

300 1
b. Changein fr yai

fact bemore intense in the future. Thisisa

very important aspect of climate modelling

that indicates that shortterm extreme

‘events must be modelled and the results

managed differently than longer temporal
s (monthly and yearly totals). For

§E8sss8s8s

can therefore indicate that althoughy
monthly and annual precipitatiof may be
declining for a specific locality when an
extreme rain event does oceur then the'
models do shiow that this event may in

y 4 a

example, itis becoming apparent that
short term but high intensity rainfall
events are becoming more common and
Iocal capacity for managing such events
needs tolbe considered. Not only does new

&

Changes,in Magnitude of Extreme Rainfall Events

Return Period i Years

2030 ——2050

b.Change in frequency and magnitude of extreme precipitation events

390.4 97.2
422.2 1315

fECipitation events

infrastriicture design and upgrading of old
infrastructure need to be considered but
also emergency services need to factor

in such changes in their disaster risk and
recovery planning. Therefore the two ends
of the temporal spectrum need attention:
the very short duration (minutes to hours)
events can cause considerable disruption
and damage and while not modelled here
the shiftin their frequency and magnitude
with climate change can be. Also the
greater magnitude events are can also

tax infrastructure and cause disruption to
‘economic activities.
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Drought Conditions
Summary of data: Drought is a natural
phenomenon, and waxes and wanes in
extent and duration in an apparently
random manner. However, drought is
predominantly controlled by precipitation
and, to a lesser extent, by air temperature.
Both of these climate variables are
projected to change along with global
warming, which will cause possible
frequency and severity changes of
drought conditions. One way to manage
the randomness of drought occurrence is
to examine the potential changes in the
frequency of specific drought intensities.
Each drought event, therefore, has a
duration defined by its beginning and end,
and an intensity for each month that the
event continues. The positive sum of the
(Standard Precipitation Evapotranspiration
Index) SPEI for all the months within a
drought event can be termed the drought's
“magnitude”.

Ramifications: Mild droughts occur in
the Gladstone just about every year. Over
time the number of mild droughts will
remain stable. The greatest change over
time in drought frequency is with medium
droughts that will change from an average
of 1in6yearsto 1in4and 1in 3 years
respectively by 2030 and 2050. The severe
and extreme drought frequency Will stay
relatively unchanged over tinie.

Drought Type and Number of Events.

ol events
-sEESS

w

year

i medur SSeveghe cxreme

Baseline
Mild 59.2
Medium 17.7
Severe 72
Extreme 0.9

b.Change in frequency and m:

Drought is a test of societal resilience.
In Australia many communities are
accustomed to and adapted formild
drought especially when water stress
occurs on an.almost annual basis. With the
increase in intensity of drought resilience,
can be tested. With the return period of
medium drought shortening the resilience
‘of society may be tested asrecovery
periods shorten prior to the potential onset
of the nextmild or medium drought and
potentially more severe events although
they are more rare. Investment in resilience
can take many forms from reducing
demand for water year around so that

supplies can be maintained during periods
of stréss to enhancement of storage to
mitigate risks to some extent for medium
and more severe events.

CLIMATE VARIABLE

SEA LEVEL RISE

CLIMATE VARIABLE SEALEWAIE PABEABLE SPECIFY HERE

Summary of Impacts: The changes in sea level with time and the rate of change for the Gladstone can signify important thresholds for
decision making on management of the coastal zone. For Ports and other critical infrastructure recent analyse has shown that only an 11
cms rise in sea level can lead to a doubling of losses. In general, damages typically increase faster than sea level risé tself. With extreme
surge events exacerbated by sea level rise risks and loss and damage will increase if proactive adaptation measures are not taken.

Sea Level Rise (cms)

Change in Global Mean Sea Level
Change in Local Sea Level

Mean

Magnitude of a 1/100yr Storm Surge

Magnitude Changes of a
1/100yr Storm Surge

xtreme

Sea Level Rise and Storm Surge

Summary of data: As with the other
variables, sea level and its rate of rise are
not constant over the year. Besides the
projected increase in sea level for different
projection years (2020, 2040, 2060,

2080 and 2100) the image to the right

also shows the monthly anomalies (the
deviations of the yearly average) forboth
the baseline (1995) that is considered as 0.0
cms of sea level rise although/We are aware
that there has been sea level rise prior t6.
1995 and the future year of 2100.

Ramifications: Within the Gladstone
region the seasonal range s approximately:
7.5 centi thiabe

Units Baseline 2030 2050 Trend, Confidepce
+mm - 1325 ° Very Likely:
mm - 20 38 . Very Likely
m 12 15 A5 % Very Likely
- - ° Very Likely

%

M Baseine M 2100

AN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Vertical Land Movement: 0.250 mmiyear

fge in frequency and magnitude of extreme precipitation events

months from January through June when
tropical yclones can influence extreme sea
level rise events for the region versus the
late winter and early spring months when
such storms are not a riskiThe change in
seasonal variability from the baseline to
2100 does change for Gladstone with the
higher range prevailing through to August
while the range increases to closer to 10
cms.

Sea level rise is important for coastal
urban areas as these tend to be ports and/
or recreational or lifestyle choice zones
for human development that involves

and public
and personal investment. The use of a
projected global value of close to 1 metre
or 3 feet of sea level rise by 21001is not an
appropriate approach to the management
of change: sea level rise varies in its slow
onset around the Earth, as one of ts key
drivers (thermal expansion, the process
whereby water expands in volume as

it increases in temperature) is different

as geographies change. Moreover, the

sea level rise that is experienced locally,
also depends on the local vertical land
movement: if land moves up, it diminishes
the impact of local sea level rise but if
land is subsiding this can exacerbate local

sealevel rise. Sea level rise also varies
seasonally and the application of newly
available data on monthly sea level rise
permits us to now examine these seasonal
variations that can lead to different risk
profiles at certain times of year over others
and these seasonal variations will also
change with climate change. Sea level

tise and storm surge will both increase
and the movement of the cyclone belt
further south while not necessarily leading
to greater intensity cyclones could lead

to more frequent events which could

be exacerbated by rising sea levels with
implications for port infrastructure and
coastal erosion.

CLIMATE VARIABLE GERAIKTEISSRIABLE SEA LEVEL RISE

The changes in sea level with time and
the rate of change for the Gladstone

can signify important thresholds for
decision making on management of the
coastal zone. For Ports on other critical
infrastructure recent analyse has shown
that only an 11 cms rise in sea level can
lead to a doubling of losses. In general,
damages typically increase faster than sea
level rise itself (Boettle et al., 2016).

Soft and hard technologies and strategies

Changes in Global Mean Sea Level Rise

Changes in Local Sea Level

Magnitude of a 1/100yr Storm Surge

Magnitude Changes of a1/100yr Storm Surge

Storm Surge With Sea Level Rise

Global and local Sea level change with storm sui

for staged retreat from the coast can all be
influenced by the not only the shear rise in
sealevel rise but also the rate of change.
Further analysis can be considered for
extreme sealevel ise events which can
cause considerable damage over the short

term and which will be further exacerbated

as sea levels rise with time.

0.
0.50

2050
149
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Summary of Impacts: Projecting changes in wind-speed from climate change can be challenging: there i typically a high level of
disagreement between the GCMs, while an ensemble average/median can be a very low figure. However,  value properly defined by the
limitations of the modeling is far better than no value at all, therefore the results for changes in wind-speeds are presented in the same

way as for temperature and precipitation diminishes the local sea level rise.

Wind Speed

Annual Mean Wind Speed

Mean

Magnitude of a 1/100yr
Cyclone Wind Speed
Magnitude Changes of a 1/100yr
Cyclone Wind Speed

Extreme

Annual and Monthly Mean Wind Speed

Summary of data: Projecting changes in
wind-speed from climate change can be
challenging: there s typically a high level
of disagreement between the GCMs, while
an ensemble average/median can be a
very low figure. However, a value properly
defined by the limitations of the modelling
is far better than no value at all, therefore
the results for changes in wind-speeds

are presented in the same way as for
temperature and precipitation.

Ramifications: The return periods for
extreme winds are,in line with historical
events,Gladstone has not experienced
‘many high wind cyclones over the fast
100years. Majority are Category 1 which s
reflected in the baseline data. The fact that
winds drop in later periods is part of the
GCM output that do indeed show tropical
cyclone wind speeds dropping in some

4

Change in Local Average Wind Speed.

Units Baseline 2030 2056 Confidenée
skm/hr 29 300 304 @ Aboutasiikely as not
+km/hr 30 46 @ ) About aslikely as not

km/hr 1237 1250 1233 @ " About as likelyas not
% - 10 405 @ Aboutas|ikely as not
Changes in Extreme Wifid Speeds
s
o <
5w

% )
m ST
sovr 100w

0% soo 1000%

Return Period

182 11 198
200 102 125 182 180 197
2050 100 m 161 150 197

ge in extreme wind speed by return period

areas of the globe in the future and points
to the wide range of uncertainty in future
climate change cyclone wind modelling.

Pércent Change in Wind Speed by Month Per Degree of Warming

——badse 10 Parcortle —s0h

|

a.Change in extreme wind speed by return period

Cyclone events while rare for this part
of the Queensland coast can have
implications for continuity of supply

chains given the rising importance of

the port. As noted with sea level rise the
implications of cyclone-related storm
surge with the compounding factor of sea
level rise will mean that wind speeds will
influence storm surge and wave set up.
The trend into the future in not for a great
intensification of extreme wind speeds.
The frequency of eventsis likely to increase
as tropical cyclones in this part of the
world migrate further and further south

at the rate of about 62 kilometres per
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century (Kossin et al. 2014). This could have
implications for the number of cyclones Category Maximum Wind Gust (km/hr) Potential Damage REFERENCES
impacting on Gladstone over the coming 1 <125 minor
decades in conjunction with storm surge
and sealevel rise could be a major area for 2/125-170 ’"°f’erate Boettle, M.; Rybski, D; Kropp, J. P. (2016). Quantifying the effect of sea level rise and flood defence - a point process perspective on
consideration in future planning for port 3 170-225 major coastal flood damage. Nat. Hazards Earth Syst. Sci, 16, 559-576.
development and resilience enhancement. 4 225-280 devastating
5 >280 T Donat, M.G,, Lowry, A. L, Alexander, L., O'Gorman, P. A, Maher, A. (2016). More extreme precipitation in the world’s dry and wet
— regions. Nature Climate Change. 7 MARCH | DOI: 10.1038/NCLIMATE2941.
Date Name  Category  Pressure Granger, K,; Michael-Leiba, M.O. (n.d.). Community risk in Gladstone: a multi-hazard risk assessment. Geoscience Australia.
5/04/21 1 988
30/05/41 2 > Kopp, R E, Kemp, A.C, Bittermann, K., Horton, B. P, Donnelly, J. P, Gehrels, W. R, Hay, C. C, Mitrovica, J. X., Morrow, E. D, Rahmstorf, S.
30/04/48 i (2106). Temperature-driven global sea level variability in the Common Era. www.pnas.org/cgi/doi/10,1073/pnas. 1517056113
2/03/49 3 972 Walters, R. (2104). Climate change management, IS category review. ISCA (Infrastructure Sustainability Council of Australia). http://www.
26/02/50 4F1 998 ipwea.org/Hi DownloadD ile.ashx?DocumentFil 7
22/03/53 W 1 1009
21/02/71 Fiona 1 996
2/04/72 Emily 2 974
5/03/73 Dawn 1 988
15/02/92 Fran 2 980
a.Change in éxtfeme wind spaed Biceturn period
16 CLIMATEVARIABLE SPECIFY HERE CLIMATE VARIABLE SPECIFY HERE 17

GLOSSARY OF TERMS

The following glossary is extracted largely from the WMO Book of Climate knowledge for action: a global framework for climate services

- Empowering the most vulnerable.

Adaptation: The process or outcome of a
process that leads to a reduction in harm
orrisk of harm, or a realisation of benefits
associated with climate variability and
climate change.

Capacity building: The process by
which people, organisations and society
systematically stimulate and develop their
capacities over time to achieve social
and economic goals, including through
improvement of knowledge, skills, systems,
and institutions. It involves learning

and various types of training, but also
continuous efforts to develop institutions,
political awareness, financial resources,
technology systems, and the wider social
and cultural enabling environment.

Climate: Climate s typically defined as the
average weather over a period of time. The
quantities are most often surface variables
such as temperature, precipitation, and
wind. Climate in a wider sense, is the

state of the climate system, includingits
statistical description. For the pufposes of
this report, we have used the term climate
to represent time periods of months or
longer.

Climate change: Climate change refers
to/any change in climate over time,
whether due to natural variability or

as a result of human activity. The
Intergovernmental Panel on Climate
Change uses a relatively broad definition of
climate change that is considered to mean
anidentifiable and statistical change in the
state of the climate which persists for an
extended period of time. This change may
result from internal processes within the
climate system or from external processes.
These external processes (or forcing)

could be natural, for example volcanoes,

or caused by the activities of people, for
example emissions of greenhouse gases

or changes in land use. Other bodies,
notably the United Nations Framework
Convention on Climate Change, define

climate change slightly differently. The
United Nations Framework Convention
on Climate Change makes a distinction
between climate change that s directly
attributable to human activities and

from different initial conditions. While
many parameters are constrained

by observations, some are subject
to considerable uncertainty. The best
way to investigate this uncertainty is to

climate variability that s attri to
natural causes. For the purposes of this
report, either definition may be suitable,
depending on the context.

Climate change projection: A projection
of the response of the climate system to
emission scenarios of greenhouse gases.
and aerosols, or radiative forcing scenarios:
based upon climate model simulations
and past observations. Climate change
projections are expressed as departures
from a baseline climatology, for example,
that future average daily temperature.

in the summer will be 2°C warmer for a
given location, time period and emissions
scenario.

Climate model: A simplified mathematical
representation of the climate system based
on the physical, chemical, and biological
properties of its components, their
interactions and feedbacks between them.

Climate variability: Climate variability
refers to variations in the mean state and
other statistics relating to the climate on

all temporal and spatial scales beyond that
of individual weather events. Climate can
and does vary quite naturally, regardless

of any human influence. Natural climate
variability arises as a result of internal
process with the climate system or because
of variations in natural forcing such as solar
activity.

Downscaling: The process of reducing
coarse spatial scale model output to
smaller (more detailed) scales.

Ensemble: A set of simulations (each one
an ensemble member) made by either
adjusting parameters within plausible
limits in the model, or starting the model

runan bl in which
each relevant parameter combination is
investigated. Thisis known as a perturbed
physics ensemble.

External climate forcing: One
component of the Earth’s natural
climatic variability, is that due to
external variability factors, which arise from
processes external to the climate system,
chiefly, volcanic eruptions and variations in
the amount of energy radiated by the sun.

Extreme weather and climate events:
Extreme events refer to phenomena such
as floods, droughts and storms that are at
the extremes of, or beyond, the historical
distribution of such events.

Forecast: Definite statement or statistical
estimate of the likely occurrence of a
future event or conditions for a specific
area. Generally used in reference to
weather forecasts, and hence to weather a
week or so ahead.

General Circulation Model (GEM): A
General Circulation Model, or sometimes
called a global climate model, is a
mathematical model of the general
circulation of the planet’s atmosphere or
oceans based on mathematic equations
that represent physical processes. These
equations are the basis for complex
computer programs commonly used for
simulating the atmosphere or oceans of
the Earth. General Circulation Models are
widely applied for weather forecasting,
understanding the climate, and projecting
climate change.

Greenhouse gas: A gas within the
atmosphere which absorbs and emits
energy radiated by the Earth. Carbon

dioxide is the most important greenhouse
gas being emitted by humans.

Mitigation: Action taken to reduce the
impact of human activity on the climate
system, primarily through reducing net
greenhouse gas emissions.

Observation: Observation, or observed
data, refers to any information

which has been directly measured. In
climatology, this means measurements of
climate variables such as temperature and
precipitation.

Prediction: The main term used for
estimates of future climatic conditions over
arange of about a month to a year ahead.

Probability: Probability is a way of
expressing knowledge or belief that an
event will occur, and is a concept most
people are familiar with in everyday

Iife. Probabilistic climate projections are
projections of future absolute climate
that assign a probability level to different
climate outcomes.

uncertainty to minimize potential harm
and loss. Risk management comprises

risk assessment and analysis, and the
implementation of strategies and specific
actions to control, reduce and transfer
tisks. It s widely practiced by organizations
to minimise risk in investment decisions
and to address operational risks such as
those of business disruption, production
failure, environmental damage, social
impacts and damage from fire and natural
hazards. Risk management is a core
issue for sectors such as water supply,
energy and agriculture whose production
is directly affected by extremes of weather
and climate.

Sea level rise: Sea level rise can be
described and projected in terms of
absolute sea level rise or relative sea level
rise. Increasing temperatures resultin

sea level rise by the thermal expansion of
water and through the addition of water to
the oceans from the melting of ice sheets.
There is considerable uncertainty about
the rate of future ice sheet melt and its
contribution to sea level rise.

D

Projection: A Projection is an estim f
future climate decades ahead consistent
with a particular scenario. The scenario
may include assumptions regarding
elements such as: future economic
development, population growth,
technological innovation, futdre emissions
of greenhouse gases and other pollutants
into the atmosphere, and other factors.

Regional Climate Model (RCM): A
regional climate model is a climate
model of higher resolution than a global
climate model.It can be nested within a
global model to provide more detailed
simulations for a particular location.

Risk: Risk is conventionally defined as

the combination of the likelihood of an
occurrence of an event or exposure(s) and
the severity of injury or cost that can
be caused by the event or exposure(s).
Understanding the risks and thresholds,
including uncertainties, associated

with climate is one principle of good
adaptation.

Risk management: The systematic
approach and practice of managing

that meets the needs of the present
without compromising the ability of future
generations to meet their own needs.

Uncertainty: Uncertainty refers to a state
of having limited knowledge. Uncertainty
can result from lack of information or from
disagreement over what is known or even
knowable. Uncertainty may arise from
many sources, such as quantifiable errors
in data, or uncertain projections of human
behaviour. Uncertainty can be represented
by quantitative measures or by qualitative
statements. Uncertainty in climate change
projections is a major problem for those
planning to adapt to a changing climate.
Uncertainty in projections of future climate
change arises from three principal causes:
natural climate variability; modelling
uncertainty, referring to an incomplete
understanding of Earth system processes
and their imperfect representation in
climate models; and uncertainty in future
emissions.

Variable: The name given to
measurements such as temperature,
precipitation, etc. (climate variables), sea

level rise, salinity, etc. (marine variables)
and cooling degree days, days of air frost,
etc. (derived variables).

Vulnerability: Vulnerability is the degree
to which a system is susceptible to, and
unable to cope with, adverse effects

of climate change, including climate
variability and extremes. Vulnerability s a
function of the character, magnitude, and
rate of climate change and variation to
which a system is exposed, its sensitivity,
and its adaptive capacity. Vulnerability to
climate change refers to the propensity
of human and ecological systems to
suffer harm and their ability to respond
to stresses imposed as a result of climate
change effects. The vulnerability of a
society isinfluenced by its development
path, physical exposures, the distribution
of resources, prior stresses and social and
government institutions. All societies
have inherent abilities to deal with
certain variations in climate, yet adaptive
capacities are unevenly distributed, both
across countries and within societies. The
poor and marginalised have historically
been most at risk, and are most vulnerable
tothe impacts of climate change.

Weather: The state of the atmosphere at
agiven time and place, with respect to
variables such as temperature, moisture,
wind velocity and barometric pressure.




