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1. Modelling procedure used to generate the results in this report.

The section briefly describes the process used to produce the downscaled results prdsneted
The dynamical downscaling conductedhe Pacific Climate Change &uie ProgranfPCCSP)
consisted of a primarget of simulations from which climafgojections were derived, as wels a
series of additional simulatiordesigned to assess the uncertaimtysociated with those projections.
All primary simulations were capteted using CSIR®global stretchedyrid, Conformal Cubic
Atmospheric Mode{CCAM; McGregor and Dix, 2008) air60 knf horizontal resolution over the
entire globe, while further downscalirig 8 knf was conducted for selectguartner countries. The
CCAM model was chosen thie downscaling because it igglobal atmospheric model, so it was
possible to biasdjust the seasurfacetemperature in order to improvepon largescale circulation
patterns. In addition, the usef a stretched grid eliminatethe problems caused by lateral boundary
conditions in limitedarea modelsThe model has been well testédvarious model inter
comparisonsnd in downscaling projects ovite Australasian region (Corneyal., 2010).

CCAM 60 khglobal smulations

These simulations were performddr six host global climate modgl€SIRBVIK3.5,
ECHAM/MRPAOM, GFDECM2.0, GFDACM2.1 MIROC3.2 (medres) atkKMOMHadCM3) that were
deemedto have acceptable skill in simulatitige climate of the PCCSP region. For these Isitions:

1 The equivalent CQdirect aerosokffect and ozone distribution for thERES A2 (high)
emissions scenariwere used (except in simulatirige current climate, which use20c3m
equivalents).

1 Monthly, biasadjusted sessurfacetemperature andseaice fractionoutput from the host
globalclimate models was used. Biadjustment refers to the removailf model errors in
the presentday, mean state climate. In thtsse, the seaurface temperature
biasfadjustment was calculated lmpmputing the mathly averagebiases of the global
models forthe 19722000 period, relative tohe observed climatology, baseghon the
method of Reynold§1988). These monthly biases wehen subtracted from the global
climate model monthly seaurfacetemperature output throughout thesimulation. This
approach preservethe inter- and intraannual variabilityand the climate change signal of
the host global climate models.

1 No atmospheric input from thglobal climate models was usets the biasadjusted sea
surfacetemperature is considered sufficiemtformation to drive CCAMn addition, the
biasadjustmentmakes the global climate modatmospheric fields incompatibleith the



seasurface temperaturealistributions. It is assumed théte fixed, monthly adjustmensi
appropriate over the entire coursaf the simulation, which malge adisadvantage othe
approach.

9 The period 1962099 wassimulated for the A2 (higldmissions scenario only.

CCAM 8 kiregional §mulations

Three global model<gFDCM2.1, UKME&HadCM3and ECHAMS 60 km CCAM glatiadulation3
were selected for furthedownscaling to 8 ki Of the six hostodels, these show a low, middle
and high amount of global warmingto the future, respectively. Due the very high demand for
computerresources Wien downscaling at 8 Kmesolution, the temporal and spatiaktent of the
simulations was limitedOnly the 19881999, 204&2065and 208@2099 time periods were
simulated for seven 1000 km x 10K regions, including Papua N&winea, East Timor, Fiji,
Solomonislands, Vanuatu, Samoa and thederated States of MicronesiBhe results from the PNG
simulation were used in this studhecause they also cover the Torres Strait region

2. Downscaled projection results
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Figurel: The Torres Strait Island regionnfgll red boX and Fly River catchment (yellow box) discussed in the text

The topography of the Torres Stréstand (TSBnd central PNG is shownHkigure 1. Annual means
of key variables are presented next, followedrbgnthly climatologyfor the TSlregionand Fly River
catchment (FRC)
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Figure2: Annual mean surface temperaturé)((; top row) and changes relative to 1990 (bottom row). Left column is for
1990, middle column is for 2055 and right column is #590 All plots are for the anodel mean from the CCAM 8 Km
simulations.

The plots of annual mean surface temperature overtic@PNG and th& Si(Figure 2) show the

warmer values over the ocean and the coldest values over the higher mountains of PNG. The mean
annual surface temperature increases nearly uniformly Hy5iC by 2055, with slightly lesser

increases over the ocea relative to the land. By 209the increases over land are around’Z%r
greater, while over the ocean the increases are less thalC2Slightly greater warming (nearly@)

is evident over FRC by 2090.

Comparison of these numbers with those prodddyy Suppiah et al. (2010) (hereafter called S10)
based upon 24 global climate model (GCM) outputs show broad similarity. However, by 2055, our
warming is slightly higher than their median {5fercentile was 1.4%) and the range is much
reduced due tadownscaling only 3 GCMs versus the 24 GCMs used in S10. h5ifoila090the

S10 median was 2.82 versus the current studyedianof 2.5°C.



Figure3: Annual mearrainfall rate (mmday, top row) and changes relative to 1990 (bottom row). Left column is for
1990, middle column is for 2055 and right column is 990 Al plots are for the anodel mean from the CCAM 8 Km
simulations.

The distribution of the anral mean rainfall (Figure 3) shoasomplex pattern, wittarger rainfall
amountsover the slopes of the PNG mountains and along the coastal regioere trade winds
flow on land at certain times of the yedriggering rainfall. The veracity of this p&trn of rainfall
has been checked against the Tropical Rainfall Measuring Mission (TRMM) (not SHavn).
simulated rainfalpattern shows slightly more rainfall over T&lound 6 mm @) than to the east or
west of the islands.

The change in anal ranfall also shows a congx pattern, with decreases in the southern portion

of the domain and with large (+15 %) changes over the mountains of PNG. The changes over TSI
by 2055 are generally small (less tha¥gbwith slightdecreases to the south arglight increases in

the northern part of the TSIBy 2090, darge decrease in annugdinfallis evident (around10%)

over theTSlregion, with greater decreases over westeegions {15%)and further to the east-

15%) Increasesf annual rainfallp to around 2@bare evident along the northern shores of PNG as
well as along some of the mountain slopé=r the FRGhe annual rainfall changes are generally
small.



The future rainfall changes over TSI presented here (little change by 2055 andsésco€40% by
2090 are different than in S10, where they indicated increases of 2% by 2050 and 3.21% byt 2070.
needs to be investigatedivether this isaresult of thedownscaling odue tothe smallgroup of

modek selected.
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Figure4: Annual mean surface relative humidity (%op row) and changes relative to 1990 (bottom row). Left column is
for 1990,middle column is for 2055 and right column is f809Q All plotsare for the 3model mean from the CCAM 8
km simulations.

Annualmeansurface relative humidity (Figure 4) shows larger vali@ s90%)over PNG, related to
the cooler and more humid nighime conditions. Variationrelated t landuse and topography are
alsoevident. Over the oceans, values are less than 80%er TSkelative humidity is around 78%,
with a gradiento lower humidity to the west.A sharp gradient in relative humidity is evident across
the Cape York Peninsula, with higher values (83%th® eastern side and lower values on the
western side (75%).

By 2055, the relative humidity changes littldowever,by 2090 theannualrelative humidityshows
general decreases over lanfimore than 5%, primarilyelated to the ircreasein temperatues.
Over the oceans and T#itle changein relative humidityis noted.These changes are generally
similar to S10, who also indicated litdbange



Figure5: Annualmean 10 m wind speed (m'lstop row) and changes relative to 1990 (bottom row). Left column is for
1990, middle column is for 2055 and right column is 2390 All plots are for the 3nodel mean from the CCAM 8 km
simulations.

Annual mean \wd speed (igure 5) shows thexpectedpattern, with higher speedsver the ocean
(6-7 m ") relative to the land (2 m "), associated with thenonsoonal flow over theceans This
pattern isdue to the lower friction of the ocean surface. Slightly higher vadiie@gnd speed are also
evidenton the mountain peaks.

There is little bange inwind speeddy 2055 ¢enerallyless than 1%). B3090, te wind speed
changes are larger, witslight decrease (less than 5%ver the oceansind TSlbut some increases
over the land areafgreater than 10%)except over mountainous regiomsere decreases are again
observed

S10 indicated slight increasim wind speed+0.6% by 2050 and + 0.74% by 2090, in centeathe
slight deceases noted here.
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Figure6: Torres Strait Island regionlimatologyfrom C@AM 8 knf multi-model mean for screen temperaturéC)for 1990
(left), 2055 (centre) and 2090 (right). Bottom set of images are the changes I890.

The seasaal cycle of surface air temperature (or screen temperatuvhich is theair temperature
at 2 m above surface) for the TSI region is shown ur&& The seasonal cycle shows coolest
temperatures in July and August and warmest temperattireDeemberthrough Marcch.

By 2055, there ia warming of 13°C throughout the year, increasing @&warming 0f2.6°C by 2090.
This uniform seasonaivarmingtrend issimilar to S10, though the values are ab6l’C greater.
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Figure7: Torres Strait Island regionlimatologyfrom C@M 8 km mult-rmodel mean forsurfacetemperature (OC)for
1990 (left), 2055 (centre) and 2090 (right). Bottom set of images are the changesl®8Q



The seasoal cycle of surface temperature for the TSI region is showidire 7. Note that this is
very similar to that of the screen temperatures (Figl6). The seasonal cycle shows coolest
temperatures in July and August and warmest temperasun Deemberthrough Macch.

By2055, there is a warming of°Cthroughout the year, increasing mwarming of 2.8C by 2090.
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Figure8: Torres Stait Island region climatologyrom C@M 8 km mult-rmodel mean forsurfacerelative humidity (%)for
1990 (left), 2055 (centre) and 2090 (right). Bottom set of images are the changes from1990

The annual cycle of surface relative humidibows little variation ovethe year for the TSI region,
with only slightly lesser values tine November to January period.

As indicatedpreviouslyin Figire 4, the changes into the future are small, with sligidreases of
around 0.5%by 2090, especiallin the June to November period.

The changes noted 810 were also small, consistent with our results. However, S10 indicated slight
decreases in September to October whadntrasts withincreases in our rests.
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Figure9: Torres Strait Island regionlimatologyfrom CG\M 8 knf multi-model mean forrainfall (mm dayl) for 1990
(left), 2055 (centre) and 2090 (right). Bottom set of images are fl@ecentchanges from1990

The rainfall shows an annual cycle with peak values arout@@m d' in Jamarythrough April aad
minimum values of around 2 mni‘dn August.

Underclimate change, the rainfall for this region shows slight increases of aroundifi®greater
increases in Octobef up to 20% by 2055By2090, the rainfall shows slight deasesn the first
half of the year (aroun8%),but with significant inceases from June to October o to 40%.

The changes in rainfall indicated here are larger tharséimoted in S10. By 2050, S10 indicated a
0.5 to 2.7% increase, which though broadly Emidaesnot capture the larger increases indicated
here, especially in October (neg20% increase). By 2090, the rainfall in S10 was projected to
increase by around-8% except for JJi&vhere changesfdess than 1 % were indicatedA much
larger ircrease in rainfall is projected here.
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Figure10: Torres Strait Island regionlimatologyfrom C@M 8 knf multi-model mean forwind speed (m ) for 1990
(left), 2055 (centre) and 2090 (right). Bottom set of images are fl@ecentchanges from1990

The wind speed over the TSI regindicatesstrong winds (around 9 mi'sin June to August and
lighter winds (around 4 m in December through Mah.

The percentage change in wind speed for this region is generally smallithuargerdecreases of
5-10% in February and Mdr@as well as December by 2058 2090, there are general decreases
throughout the year (except Octoberhich shows slighihcreases.) The decreades2090are
greater than at 2055and approach 20% in January.

In S10, the wind speed was projected to increlgd-3%for all seasons by 2070. This contrasts
with our projected decreases in all seaspwith values of up to @arly 30% in January.

Table1: Comparison of annual mean change for future projections for Suppitle(GCMs) and this reporB(kn
downscaled CCAM). Screen temperatures are changé<inwhile other variables are percent chges.

A2 scenario GCM2050 | 8knt-2055| GCM2070 | 8knT-2090
Screen temperatur¢® C) 1.48 1.32 2.07 2.63
Rainfall(%) 2.14 7.84 3.21 4.56
Screen relative humidit{2o) -0.08 0.48 -0.11 0.62
Wind speed%) 0.59 -2.63 0.74 -4.41

A summary of the annuahanges in S10 and this report are summarised in Table 1. Note that S10
used multiple GCMs (18 to 24 depending upon which variable) while the CCARM&skits are

from downscaling only 3 GCM to 60 km and then 8 km. Also note the slightly differemidnines

for the two results, especially the last time period (S10 used 2070 while the CRARM&sults are

for 2090). The changes are also relative to the respective simulated current climatology.

As noted in the text above, the screen temperature clemngre similar in the two dataset The
rainfall changes are of similar sign, but the magnitudes vary. Bgenidiry, the CCAM 8 Km
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