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CABINET-IN-CONFIDENCECupy No. 4 3CABINET MINUTECanberra, 3 April 1989No. 12416Submission No. 6363 - Australian Response to theGreenhouse Effect and RelatedClimate ChangeThe Cabinet agreed that:-(a) a
strong commitment is required to address thegreenhouse issue both nationally andinternationally;(b) a comprehensive strategy addressing greenhouseissues be adopted comprising a co-ordinated coreresearch program (on
regional climate modelling)plus a dedicated research grants scheme (forimplementation in 1990-91) and support fordevelopment of national and internationalresponses;(c) funds be provided of $1.039 million in 1988-89and
$5.752 million in 1989-90, with thoseamounts to include staff and support costs:. . . /2Thin document is u plnpelty at lhe Australian Govommanl and is not to be copied or raproduudCABINET-IN-CONFIDENCE



CABINET-IN-CONFIDENCE2.No. 12416 (Contd)(d)(e)(5)(Q)2.(a)a National Greenhouse Advisory Committee beestablished to provide expert advice ongreenhouse research issues, including priorityareas and objectives for
further research, andthat the Committee be serviced by the Departmentof Arts, Sport, the Environment, Tourism andTerritories (DASETT):Commonwealth action on national greenhouseissues be co-ordinated by an inter-
agencycommittee chaired by the Department of the PrimeMinister and Cabinet;the Prime Minister issue a press release alongthe lines of that at Attachment A to theSubmission: andappropriate reference to the national
researchprogram on greenhouse related climete andenvironmnt changes also be made in the sciencepolicy statement to be delivered in May 1989.The Cabinet noted that:-agreeent to sub-paragraph l(c) above willrequire
additional ASL (CSIRO 4 in 1938-B9 endapproximately 30 in 1989-90 (outside ASLcontrols), DASETT 2 in 1988-89 and 10 ASL in1989-90 and the Bureau of Meteorology 5 ASL in1969-90), with details to be settled with
theMinister for Finance; and. . . /3“""“"“'"'ETEFRTEF“-Trl]1c6“|§i‘%|5"ER|éE  "



CABINET-IN-CONFIDENCE‘ 3 .No. 12416 (Contd)(b) the Minister for the Arts, Sport, theEnvironment, Tourism and Territories wouldreport back to Cabinet before the end of 1989 onfurther action required to address
greenhouseclimate change issues, including fundingrequirements for 1990-91 and 1991*92./I/\-C1-/A/I/kSecretary to CabinetM Mm l\°|' E?-TI;-COKIMF I  C E W



CABINET-IN-CONFIDENCESuhmsFOR CABINETis|on Nocm No836363TulleMmmmFuvndw/issues\'\ _ F~_~AUSTRALIAN RESPONSE TO THE GREENHOUSE EFFECTRELATED CLIMATE CHANGEArts, Sport, the
Environment, Tourism andTerritories; The Hon Barry Jones, HP, MinisteANDSenator the Hon Graham Richardson, Minister for ther forScience, Customs and Small Business: The Hon StewartWest, MP, Minister for Administrative
Serviceswe/;G,_'  respond to Cabinet's request (Minute No 11674 of- ‘L _ -"gust 1988) on options for enhancing Australian' ' PW3 1_ CABIN. v .., owes QQ '»\ £9 17- ‘-21Relunon no I0exlsllnq
pohcvSar\5n>v|lV/CvmcrsmLegismmnmvolvodW"heal/sngmlvcanldams‘sulm-onM|msters/ Depttunsulwd~ is IheveagreemenTrmlq/hndlnng 0!announcemenlCos!ASL:‘ le of greenhouse gases in the atmosphere.at §"g " '19- Prime
Minister has undertaken to provideY” “ "“dditional research funds if required (HouseRepresentatives, 3.11.88). The 1988 ALP Platrequired.environmental issue. It is essential that thNilThe climatic effects in the Australian regionbe
identified now. We must develop responsesprotect our interests internationally.‘ A—G's, ocs & 1-1, Defence, mam-, Finance, urn,88/B9 89/90 90/9 1CSIRO 4 approx 30 Cabinet submisty\];[] ~-= rch into "greenhouse" climate
change and to_ene Australia to respond quickly to possible“-AR ache in the environment resulting from increasingofformstates additional research and policy development isGreenhouse related climate change is a major
global9Government has a response strategy for Australia.mustandDILGEA, DPIE, R1 and C, D1‘ & C, Treasury, ASTEC.No, see co-ordination comments at Attachment GOffice of Government Information and Advertising
hasbeen consu1ted- Release of press statement by thePrime Minister along the lines of Attachment A.$l.039m $6.752m Resources fromDASETT 2 l0 1990/91 onwards to beBOM --- 5 subject of a furthersionFm Y! 1 s 1 Fm v, ( _
1 Fm v| ( srm; document ix the pnwwlv at nu Aunraliln oovnnmam Ind I: new to on nomad D! ribfnducodCABINET-IN-CONFIDENCE



 '\ ‘ ' CABINET-AN-CONFIDENCEHuman activities, especially rates of population growth,burning fossil fuels, agriculture and deforestation areleading to growing concentrations of CO2 and other"greenhouse" gases (oxides of
nitrogen, CFCs, methane) in theatmosphere. There is widespread (even if not universal)scientific agreement that this will cause global warming byretaining a higher proportion of the sun's heat. In turn, sealevels will rise, patterns
of rainfall, storms and cycloneswill change (for more detailed information see Attachment B).2. There is increasing international concern about thegreenhouse effect and related climate changes. There is alsoincreasing domestic
concern. Cabinet recognised this when it‘requested options to enhance Australian research. To avoidlong term deleterious social, economic and environmentaleffects, Australia must:‘ .(a) accelerate its research efforts to
understand the\ implications of the greenhouse effect for Australia'sclimate; and(b) develop long term strategies to minimise the damagecaused by these changes.3. Australian greenhouse related research was surveyed bythe
Department of the Arts, Sport, the Bivironment, Tourismand Territories (DASETT) in 1988. Some research is being‘undertaken by the Commonwealth Scientific and IndustrialResearch Organisation (CSIRO) and the Bureau of
Meteorology(BOM). However, there is little other specific ‘greenhouseresearch" (see Attachment C). Australia's research program.n\uSt be accelerated if we are to understand the effects of thegreenhouse phenomenon in the
southern hemisphere generally andspecifically on the Australian climate and environment.4. International action on greenhouse issues has recentlybecome focused through an Intergovernmental Panel on ClimateChange (IPCC),
established jointly by the World MeteorologicalOrganisation (WHO) and the United Nations EnvironmentProgramme (UNEP) in 1988. The United Nations General Assenblyand the OECD, among other international fora, are
alsoaddressing greenhouse and climate change matters.5. Unless Australia participates in these deliberations, werisk having foisted upon us policies which will prejudice ourinternational and domestic economic interests in
agriculture,i CABINET-IN-CONFIDENCE



‘ a.OCAB|NETalN-CONFIDENCEforestry, transport, energy and manufacturing etc.6. Most international research into the greenhouse effectderives Eran and focuses upon the northern hemisphere.Australia is one of the few
countries in the southernhemisphere capable of undertaking the necessary research andplaying a leading role in the development of internationalstrategy.7. Regionally, New Zealand, Japan and the Republic of Koreahave
expressed interest in collaborating with Australia ongreenhouse issues.(a)(b)(c)(d)(e)(5)(9)CONSIDERATION OP ISSUESAustralia must:develop regional climate models:predict regional climate changes;identify consequent
environmental and socio-economicimpacts;ensure that international research takes intoaccount southern hemisphere concerns;participate in international research programs suchas the World Climate Research Programme and
theInternational Geosphere-Biosphere Programme (IGBPLformulate policy responses to these changes: andformulate policy responses to reduce the build-up ofgreenhouse gases-We cannot effectively assess greenhouse
impacts or formulatepolicy responses without a predictive capacity, which we lack.9. Current support for greenhouse research is inadequate:(a)(D)(c)Australian Research Council funding is insufficientfor greenhouse research. The
Council cannot fundnon—educational institutions (eg CSIRO and BOM):CSIRD has diverted 52m from other projects but cannotfurther reallocate appropriated funds without damagingits efforts in other equally high priority
areas;BUM established the National Climate Centre fromwithin existing resources in 1983, and has committedmaximum possible effort to the climate issue sincethe establishment of the World Climate Programs in1979. BOM‘s
climate networks and data banks mustbe upgraded if it is to meet climate monitoringrequirements in the 19905. It cannot divert fundsCABINET-IN-CONFIDENCE



CABINET-IN-CONFIDENCE4to strengthen its research;(d) other Government research programs (eg administeredby the Departments of Primary Industries and Energyand Health and Community Services) addressgreenhouse
issues only indirectly.10. Furthermore, greenhouse research must be co—ordinated ifAustralia is to develop an effective strategy.STRATEGYll. we propose the following research strategy (set out atAttachment D and
supplemented by Attachments E and E‘):(a) fund an accelerated program of modelling of regionalclimate changes by CSIRO and BOM (annual funding of$3.462m (with $0.405n\ in 1988/B9) plus one offexpenditure on capital
equipment of $1-670m); and(b) establish a National Greenhouse Advisory Committeeto provide expert scientific advice to Government ongreenhouse issues generally and, in particular,advice on priority areas for further
greenhouseresearch (basic science, impacts and responses) andset objectives for a dedicated research grantsscheme, with a view to having a scheme operationalin 1990/91. The Committee would be serviced byDASETT.
Annual administrative costs of theCommittee, including establishment, salaries and oncosts for the secretariat are $0.086m in 1988/89 and$O.634m in 1989/90. (Funding from 1990/91 onwardswill be the subject of a further
submission;however, it is proposed at this stage that thegrants scheme be $1.5m in 1990/91 rising to $3.0m in1991/92 with annual administrative costs for theConunittee and scheme of $0.714m).This strategy is designed to
complement the scienceinitiatives agreed to in Minute No.l2289 of 6 March 1989 and aNational Climate Program being developed by BUM, inconsultation with CSIRO and DASEIT, and others.l2. This will permit us to develop
policy and administrativeinitiatives (funding of $0.148m in 1988/89 and $l.006m in1989/90 — with anticipated funding of $1,006n\ in 1990/91 and$0.589m in 1991/92) to address the causes and impacts of thegreenhouse effect
within Australia and to participateCABINET-IN-CONFIDENCE



' CABINET-5lN-CONFIDENCEeffectively in major international greenhouse activities. Aninter—agency committee (sponsored by DASEITT and BOM andchaired by DASETT) will co—ordinate greenhouse issues andensure
liaison with bodies such as DPIE and DFAT, havingimportant responsibilities for aspects of policy formulation.Co-operation with the States will continue using existingCommonwealth/State mechanisms such as ministerial
councils.13. As this is a global problem Australia must representsouthern hemisphere interests in international fora. Specificfunding is necessary for the WHO/UNEP IPCC (Australian inputto be co-ordinated jointly by B04 and
DASETT), the UNEPClimate Impact Studies Programme, and the IGBP in particular(funding of $O.lO0m in 1983/B9 and $0.28011\ in 1989/90 - withanticipated funding of $0.250m in 1990/91 and $0.050m in1991/92), details at
Attachment D.OPTIONS14. There are two options:(a)lb)continue the existing low level, ad hoc approach toresearch, impact assessment and response development.In essence, this ignores the problem and rests uponthe
assumption that a solution acceptable to Australiawill be found internationally. Such inaction will bepolitically damaging; orimplement the program outlined in paragraphs ll-13above and detailed in Attachments D, E and F.lS.
Action is required now:(a)(D)internationally, governments are recognising theneed for a co-ordinated response. Heads ofGovernment met in The Hague on ll March. (Theresultant declaration, which Australia signed, callsfor urgent
international action to combat anyfurther warming of the atmosphere.) There are twofurther international ministerial meetings laterthis year. Australia must act, and be seen to beacting, with the same urgency. We must be able
topress our considerable trade and domestic interestsas international action proceeds;as greenhouse research develops internationally thedemand for specialists is increasing. Australia willbe unable to compete for their services
unlessCABINET-IN-CONFIDENCE



CABlNET5lN-CONFIDENCEgreenhouse research resources are vastly enhanced; and(c) politically, the Federal Government must be seen tohe taking decisive and positive action on greenhouseissues (similar to our action in
implementing ozoneprotection measures).EMPLOYMENT CONSIDERATIONS16. The program proposed will require approximately 30 extrastaff for CSIRO (outside ASL controls), 5 for BOM, and 10 forDASETT (12 from
1990/91), to be discussed with the Ministerfor Finance.FINANCIAL CONSIDERATIONS17. The proposed program (to be appropriated to DASETT) willcost $l.039m in 1988/89 and $6.752m in 1989/90. [Ongoingfunding from
1990/91 will be the subject of a further cabinetsubmission — with anticipated costs of $6.932m in 1990/91 and.$7.8l5m in 1991/92.) [btails of costings are summarised inAttachment D.COMMUNICATION18. We propose that the
Prime Minister issue a mediastatement announcing the research initiative (as outlined inAttachment A) as soon as possible after the decision is taken.The strategy outline (at Attachment A, Appendix 1) primarilysuggests themes
for responses to media or other follow-up‘inquiries and does not envisage a major campaign. A longer-tenn education campaign to raise community awareness of thegreenhouse issue and gain support for Government activities
inothe area will be submitted to the Ministerial Committee onGovernment Information and Advertising for approval. It isenvisaged that such an educational campaign will includebrochures, school kits and similar material. It is
alsolikely to recommend further greenhouse conferences.RECOHHENDATIONS19. We recommend that Cabinet:(a) agree that a strong colmnitment is required toaddress the greenhouse issue both nationally andinternationally
with co-ordinating responsibility tobe with the Minister for the Arts, Sport, theEnvironment, Tourism and Territories;CABINET-IN-CONFIDENCE



(b)(c)(d)(e)(E)(g)(h)(1)CABlNET1lN-CONFIDENCEagree to a comprehensive strategy to addressgreenhouse issues comprising a co—ordinated coreresearch program (on regional climate modelling)plus a dedicated research
grants scheme (forimplementation in 1990/91) and support fordevelopment of national and international responses;agree to expending $7.791.m (which includes staff andsupport costs) during 1988/89 and 1989/90:1988/89
5l.039m1939/90 $6.752mnote that the following additional resources will berequired in subsequent years (including staff andsupport costs):1990/91 $6.932m1991/92 $7.B15magree to establishing a National Greenhouse
AdvisoryCommittee to provide expert advice on greenhouseissues, including priority areas and objectives forfurther research (to be serviced by DASETT);agree that Commonwealth action on greenhouse issues beco-ordinated by
an inter—agency committee sponsoredjointly by DASETT and BOM and chaired by DASET1‘;note that agreement to recommendation (c) willrequire additional ASL (CSIRO 4 in 1988/89 andapproximately 30 in 1989/90 (outside
ASL controls),DASETT 2 in 1988/89 and 10 ASL in 1989/90 and BUM 5ASL in 1989/90) with details to be settled with theMinister for Finance;note that the Minister for the Arts, Sport, theEnvironment, Tourism and ‘lerritories will
reportback to Cabinet before the end of 1989 on furtheraction required to address greenhouse climate changeissues, including funding requirements for 1990/91and 1991/92; andagree to the Prime Minister issuing a press
releasealong the lines of Attachment A.Graham Richardson Barry Jones Stewart West29 March 1989 29 March 1989 30 March 1989CABINET-IN-CONFIDENCE



CABINERIN-CON FIDENQEACHHENT ADRAFT HBDIA RELEASEGOVERNMENT ANNOUNCES $7.8 MILLION GREENHOUSE STRATEGYGovernment support for a national research program ongreenhouse related climate
and environment changes wasannounced today by the Prime Minister.$7.8 million will be provided during 1988/B9 and 1989/90 forresearch and policy support. A National Greenhouse AdvisoryCommittee of up to six experts will
be appointed to provideexpert scientific advice to the Government on greenhouseissues. A key task for the National Greenhouse AdvisoryConunittee will be to provide advice on priority areas forfurther greenhouse research (basic
science, impacts andresponses) and set objectives for a dedicated research grantsscheme, with a view to the scheme getting underway in 1990/91.The Committee will also promote public understanding ofgreenhouse issues.The
Prime Minister said ‘The greenhouse issue is one of themost severe environmental crises facing Australia and theworld. Research into the greenhouse effect is crucial.Without it Australia will not be able to identify and adapt
toenvironmental changes caused by the greenhouse effect. Anational greenhouse research program is part of thisGovernment's commitment to protect our environment. 'The Government would provide $5.54 million during
1988/89 and1989/90 to CSIRO and the Bureau of Meteorology as part of thenational greenhouse research program.As part of the national greenhouse research program theGovernment will support the World Climate Inpact
Studies.Programme being undertaken by the United Nations EnvironmentProgramme and will also examine the desirability ofestablishing a comprehensive national climate program linkedinto the World Meteorological
Organisation World ClimateProgramme and the Second World Climate Conference in 1990.‘Funds will also be provided to the Academy of Science toassist the International Geosphere—Biosphere Program. Thisprogram studies
the interactive physical, chemical andbiological processes that regulate the total earth system.These initiatives will assist Australia's active participationin international work on greenhouse issues, including thedevelopment of
policy responses to reduce the continuingbuild-up in the atmosphere of greenhouse gases, and to dealwith the consequences of possible climate and sea levelchanges.The Prime Minister said 'Ongoing funding requirements for
thegreenhouse strategy for 1990/91 onwards will be considered bythe Government later this year.‘CABINET-IN-CONFIDENCE



‘ CABINET-IN-CONFIDENCE9 ATTACHMENT AAPPENDIX IHBDIA STRATEGY OUTLX NBBecause the media statement deliberately does notattempt to suggest the research program is a solution to thegreenhouse effect or to
dress up the program as a majorstrategy (either of which claims could lead to media andpublic criticism) the primary communication strategy is not toundertake a proactive follow-up campaign.There will be media interest and, as
a result it isrecommended that when Ministers respond to requests forinterviews, talk—back appearances, etc, the following pointsbe borne in mind:l. The research will be practical and people-oriented, eg:. research to predict the
likely climate changes inparticular areas. research on what the possible effects of the climatechanges may be:- what will the effects be on agriculture: willfarming areas need to change crops/farmingtechniques; how will
weeds/pests be affected;- will present storm water drainage and dam systemscope;— will soil erosion and salinity problems increase:- will coastal erosion increase.2. The extent and effects of greenhouse climate change needto
be more reliably predicted to prevent bad planning.Knee-jerk reactions now based on the recent scenarioscould be very expensive (eg much more stringent buildingregulations for both residential and commercialproperties). We
need to be more certain exactly whataction is required to ensure money and effort are notwasted. The parallel between the proposed research andthe value of Census data for future planning could bementioned.3. The research
is not the first or only thing being done —ozone protection measures are being implemented.4. The research will contribute to the global body ofknowledge on the subject and will help ensure Australiandimensions are taken into
account when international orregional organisations are considering their responses tothe problem.5. The trade and economic aspects of the greenhouse issueshould be played down as emphasis on them might lead tocriticism
that t e Government is catering to sectional,moneymaking interests rather than protecting the qualityof life of all Australians.CABINET-IN-CONFIDENCE



CABINBBIN-CONF|DE AZEQLHLLQuestions may also be asked about action to reduce greenhousegas emissions. The following points should be drawn upon:. The countries who are major sources of greenhouse gasemissions
(particularly CO2) are in the NorthernHemisphere (USA, Western Europe, Eastern Bloc countries,industrial developments in China will compound theproblem) .. Australian 'emissions-are-very'"sma'1'l1'.-n-compari-s'cn(assessed
at about 1% of world total) - unilateralreductions by Australia would have no impact of anyconsequence on global emissions.. Concerted international action is required.. This is already underway and Australia is activelyinvolved:0
— the UN Intergovernmental Panel on Climate Changeis currently examining possible policy responsesto reduce the continuing build—up of greenhousegases— a Law of the Atmosphere convention was discussedat a meeting in
Canada on 20-21 February— we have pushed for energy efficiency andconservation through research and development,thereby reducing emissions, to be high priorityfor the International Energy Agency.. Within Australia, the
Government is placing increasingemphasis on energy consumption; attention is being given' to conservation, energy efficiency, greater use ofrenewable energy sources and R & D that will reduceemissions per unit of energy:- in
the context of the greenhouse gas debate these“ issues are being pursued through the NationalEnergy Consultative Council and the AustralianMinerals and Energy Council;— under the National Energy Research Development
andDemonstration Program there has been a significantlevel of funding for research on the environmentaleffect of energy production and use ($16m on 103projects over the last 10 years).. The guidelines and priorities for grants
were amendedearlier this year to generate greater focus ongreenhouse related research (the total National EnergyResearch, Development and Demonstration Program amountsto $34n\ in 1988/B9) .CABINET-IN-CONFIDENCE



%BlNEP-IN-CONFlDE !l'BIGRIlNlO08IlFIlC'l'EIIIACIS1. 'l‘he atmospheric concentration of several gases isincreasing fast - levels of carbon dioxide, the most importantgreenhouse gas, are expected to increase 30 percent in
thenext 50 years.2 . -~'l‘he -bui*ld~upref"-greenhou'se'gases--could -i:ncreB~se- ~theEarth's surface temperature by between 1.5 and 4.5 C by theyear 2030:(a) this will have a major effect on climate — duringthe lass Ice Age, the
Earth's temperature was onlyabout 5 C colder than it is now;(b) in northern latitudes, winters will be shorter andwetter, summers longer and drier; subtropical' regions will become even drier than they are now;tropical ones even
wetter;(c) these changes will have substantial but“ unpredictable effects on agriculture and naturalecosystems; and(d) as the oceans warm up and expand, sea levels willrise, leading to severe flooding over low—lyingland.3.
Climatic changes of this type will lead to largeregional changes in soil moisture, increased desertification,coastal flooding and erosion, salinity problems, storm damageand serious disruption to coastal settlements and activities..-
These changes will be substantial and are likely tooccur randomly. There will be increased climate variabilityand disruption well before 2030.Ill!!!Q. The changes will have major environmental andsocio-economic impacts for
Australia. Sectors likely to beaffected include:(I)  I§A warmer climate is likely to move the areas suitablefor growing specific crops, such as wheat, towards thepoles. If soils in these areas are poorer, yields willfall. Marginal
agriculture — as practised, for example,in the drought-prone Sahel — will probably suffer mostbecause of difficulties in adapting to the newconditions.Changes in agriculture will, in turn, produce cascadeeffects throughout society,
altering the viability offarming, agricultural employment, commodity prices, andpatterns of world trade.CABINET-IN-CONFIDENCE



‘ CABINETQIN-CONFlDEN$u:muu1sb)  sChanges in natural ecosystems will include expansion ofgrassland and desert areas with forested areas shrinkingand moving polewards. Problems such as soil erosioncould become
more acute.(<1)  mA warmer climate might make some cities unbearably hot.‘ A " wetter'or "drier ~cl"imate>w‘i‘11‘1ffect'Iater-use"-andlong-term planning, perhaps making large reservoirs orother projects useless long before their
normal 50-yearlifetime had elapsed.(d)  &usAs the oceans expand, sea levels will rise causingflooding of low-lying areas. While richer nations can' afford to protect themselves (as the Dutch have done forcenturies) poorer nations
will have no choice but tolose large areas of precious land to the sea.Host of Australia's population is located on or near thecoast. Possible impacts range from extensive commercial. and personal property damage, to disruption
to shipping,trade, fishing and loss of beaches.(e) healthTropical diseases will become more widespread, egmalaria and dengue fever, and mortality of the aged inextreme weather events will increase.(f) Energy0 International
remedial action, eg moves away from fossilfuel usage, could have significant effects upon theAustralian economy.6. Some of the problems discussed above already affect manyiountries. Global warming will exacerbate them,
dislocatingommunities, disrupting trade, generating urgent aid demands,and causing international tensions and conflicts.7. Without detailed research it will be impossible toformulate responses to the greenhouse effect or to
minimiseits impact upon our environment and economy.B. Government planning and private decision making has longassumed climate stability. Western societies in particular,are locked into industrial and agricultural practices
andlifestyles which generate greenhouse gases.9. Fortunately some problems which flow from the greenhouseeffect are already under study eg land degradation, coastalmanagement, population pressures.10. Action is underway
or proposed internationally to:(a) use energy better;CABINET-IN-CONFIDENCE



(b)(c)(d)(e)CABINEFIN-CONF|DE reduce iossil fuel use;encourage reforestation and discourage landclearing;develop laws for protection of the atmosphere:control the production and use of ozone depletingsubstances.‘More
1etai:1ed information 'ia-contained~in*t‘!xe“1!rri1:ed"Nati0naEnvironmental Program paper which follows.CABINET-IN-CONFIDENCE



MENT‘ E- - cQ5|h|E|5|.¢QNE|DENC  _. . UNITED NATIONSENVIRONMENT PROGRAMME tmev Ertvvrnnmerttnel Not)1‘.'b‘ii£";E2‘?lsthe changingatmosphereChemical pollution is changing the structure of the Earths
atmosphere. Lhreateningto alter the climate and expose human populations to higher levels of dangerousultraviolet radiation. This publication. the first in a series of UNEP briengdocuments. summarizes what is known about the
two major effects involved:the build~up of greenhouse gases in the atmosphere‘ and damage to the ozone layer.Key factsThe greenhouse effectQ the atmusphertr corlcenlmtlcn ofscveral gases ls0 lnereaslng fast  levels of carbon
dltmue, the mosttmportant yeenhtruse gas. are cxpecltd lo tnereaseao percent tn u-te nut 50 yearsQ thts buildup ofgasests likely lo Increase theEarth's surface temperature by between 1 s and4.5 -c by the year 20:0thls would be
sulctertt to have a major ertert onclimate .t during Lhc last IL‘: Age. the E:u1h‘stemperature was only about 5 "c colder than tt isnowI ln northern lallludsl winters would be shoer andwetter. summers longer and arter
suh~u'oplca.lregions rnlghl become even ar-ter than they are now.and tropical ones even wetterI these changes would have major but unpredictableeects on agrtculture and nalural ct~o»systemsI as Lh: oceans warmed up and
expanded. sea levelswould t1s=.l:adlrlgto severe ooding over IowlcvellandO there ls an urgent need for lnterrtatttmal acuon tomlnlmlzre |.h= Future greenhouse warmlm: and ttssocial elfcctsThe ozone layerchemicals produced by
lr\dusu'lal acuvlly aretntertet-tr-lg MLh the way ozone ls cruted and brokendown. mmttenlng tn reduce tts |:oncenLmI.lDn tn Lheuppcr atxntwspherebecause cvwrle lllters out muth of the Sun'sultnvtolet mdlatlon. human populallons
may soonbe exposed to higher levt-ls of a pulenuallydangerous form ofradlaunovcml1_0zonelzvels have nalyzl tauen A thoughmeasurements made during the Antaxttic sprtngreveal that levels there have dropped 40 percent
tnjust a tew yearssclenLtsLi preeuet that. lfchernlualn mnlinu: m beproduced at Cuncnl rates. ozone levels tn the upperatmosphere will ran by a tew pereent durlng the rsthalfof the next eerrturythts could lead to Increased skin
cancerartd eyedlseasc. smaller crop and Umbcr yields, and damageto ocean ecologya convention to protect the ozone layer ha5 beensigned by rnany states but has yet to com: into force turther lntrrrlnuonal action ls planned to
restnetthe prnducon and use oflhc most sentruslylmpllcated chcmlrals_ e e ._ _QAB |.NETslN;QQ|§lEl D£N_CE



\\CABlNEl'¢lN—QONFlQEN__C_E The greenhouse problemAPPENDIX 1The alrnusphnrc lhal surrounds lhvE:u1h playsa cnliral rule mmalnlaimng L-\'€n xcrnprraum-s onlh: Earth's Surfarr. Llkr the glass Ina greznhuusc. lh:
almusphnrcabsorbs some ahc lung-waverzdlauan emlllcd by lh: Earth. andradiates energy back al lhl‘ Eanh. |rthe alrnnspher: WU’! nu! presenl.temperatures on the Eanh would bcmuchlowerxhan they areBul lnduslnal aclivny ls
changinglhc almosphcrfs slruclurz. Asgss=s 11k: carbon dioxide areproduced and meased inm lhcalmnspherr. lhry absorb more 0!the Earth's radiation, and rclurnmore om back lo the Esrm. Thisrgn whlrhwauld ulhcrwise‘ape
hzrmlessly mm space. lsalready lncrcuslng lh: E:-1r!h'sS\1l"l‘!IEII1Pf3lufC,\hD\.l[Zh so faron clouds more and moreIIIIII'5“ IIIIIII“° III I'3" III120 ,H0 i’ m'°° raw 1900 2000‘ only smullamnunlslaboul 0 5 cover lhr pas! 120 ycarsl.Carbon
dh1xidE1SXhE mus!lmpnruml of lhc grrrnhnusc gases.u ls pmdurcd pnmnly whrnower. lxvcls cfrarbnn dioxide mme almusphzre have alrcadyIncreased by Sum: 25 pertenl slntcthe lndusu-ial Rrvolulkon: my areexpeclzd w
lncrcasc by a funher sopzrccru an \h: non su years,Many other gases also hnvv: 7|grccnhousv sum Those mrlurlurnlmusuldf I|augh|n;1g<1s].mrlharln ozone and chcmlruls usrdin rcfngcrzhon and other mduslcsCalled
chlomunrurarbons (C FCsfor sh0Y1)_ The rcnu-nlra\|ons uflhcse gases m me zlmO5ph€rt aremuch lower than {hat ofcarbundloxme bu: lhcy arc mcreasmg‘ andmany nflhem produce a vrry slmnggrecnhuusc mm.
Sclenlkslscalculalc (ha! over {he neX1 halfcemury or so the Nmpcrzlurn useproduced by mmssmgccmrcmralnons of (‘arbnn dloxuk\~1Il be matched by ms <-nw oflhenlher greenhouse gases. The Carbondxnxxdc ccrl. m 01 her
wnrds.w1llhcdoubled‘How much 1s um temperatureIlkely 10 nse? By makingassumptions about hnw murh Drmm gas ls llkcly In be f{\L‘35L'd lnwme almosphcrc. and fccdlnglhlslnfurrnannlnlnrompulcrslh.1I(‘anrnnclcl uh:
mmuspmms behaviour.suncnns-us can nmkc mugh<-slim.-ucs nlwhm |s ukely u:mppm. Currvm prcdlrnns nn‘lhal lhc grrcnhnlmz‘ rvrl willamuunl 10 bclwrrn 1.5.“-n -1.5 1: by(ht vvur 2030. lh'ru||.~¢ lhr ovranslakr .1 lnngllmv to wnml
up.huwrsvcr. nnl .111 lhls |nrr1::|s1* wvllurlnmlly mppm bv 2030 - nboulha|f|l\\1|lo<‘r\|r |'1_\' lhtn. lhl‘ nlhvrhalffnllrmng In lhr cnsumgdccadcsEvcn lhcsc zppurnlly law llurrsml! ht cnoulh lo n.“-= s m.-Jm crrlon rllmalr. Tcmpmuun-s
n\‘v.'rnqL'dover m= whok globe 0\'(-r a mrdisguise whal ran h~\}1p(‘l'\|Dl‘Z|])'Hld|lTL'rcn| seasons Though lheEanifs a\'era11r\z-n\prra|ur<- wasonly about 5 1: ruldrr than nuwmmng (hr lasl |¢= Mic. 1| was verymuch culdcr |n sum:
places m someseasons.What could happento WashingtonH rznbon munde IEII9/5 UOUDIOG.allies such as Washington DCcould became very mum warmersms /"Jumbo! uldays a year in wmnme Iemperaluls exceedBd36
'0could/1seIvomonsmabou1Y2.'Ihermmbernldays when thema/momeler !aa|>6d32 ‘C maidnse Iram as to as 1 year.The numbel of mgms mmng whichtempera:-ues /emamea above 27 ‘Gcould mcrsass mam an average s11:155
Ihan one s yearn: as manyasnmarean.Similarly. an avcrag: lcrnpcralurrrise ofnnly :s '=c tould meanlncrznscs ofmore Khan ID ‘C nl highlauludrs in some Svnsbns‘ Inlcrnpcralrlnnrs. w1nl<'rs\\'nn1d mmin be shonvr and \|v:\rn\rr.
.~.ummrr.~lunucr and hullvr.R-nnftlll would also be nvctlcdl~I\'.\pnnmnn ralrs \\'nu|d1nrR‘§\'and uvcmll rumfnll wuukl nsr by anc:4lm\nlrd 7'11 prrrrnl a yrar.Tvlnpz-raw wuilvrs mxhl \><~ wru.and >u|n|r\<'rsdnrr Thrlmplcswould alan
hvrnmv wcllrr hul lhrSUD-lfOPl('5.4!|l‘(‘l\I‘I)'l1Y}'.C\JldbL‘Cl1|!‘|C drlrr sullHow greenhouse gases lncvaase Ihe eanrrs lemperalurenow<\so\av radnalmn /7 Vosl In snanl\ \ 1 / \\.\k vmu <\ f\ \ \ /1
\can|ilO\3l\0natmushheremcveasedgleenhcusugases- Emm\\bar:mar!vmihun-1 545 "C_____. ._.__,..Q_.A.Bl!\|£I:lN:£LO.l\lElDENC£ _



. . A'r-l-Acl-ll~l£~1- E_%L‘ - 0NFlDEli<l_ nOzone: the umbrella against the ultravioletThe ozone layer less alone means mole ulllavvllzlscllar lanlalm 591:: golal laalallonsclllll \_\4 \_\\ ‘ \. \lln-nnlnaowmunnywln ‘ .allmsl>¢~m I
azmaeaaul-ll |V low lavuls cl umavlalelaouvlll nlpmv levels nl llnlmolol_ . , Eaml .‘ \Ozone. a gas composed allhrec‘gen ilms. surrounds the Earlha dtllrillr vell. pI'0ltCUng meplane! and ll§ lnhabllanls [mm lhcdlflfl gut nllhc Sun.
QYDHC ls ourumbrella .\|1.'\ln§l the U]|I';l\10|{‘l.were ll nol present ln lhc:lll110spl\t‘rl'.|<‘lhalk'v('|s ofullmvlalrl rndlzlllnn from lhr Sunwould fl\1l‘h lhc Earlh‘s snl-fare.O/.0nr ls l-ulna up la nl-lqllls nl.1buul6Dkm ‘ll ls mos! dense 20-
25km up nu: EVPI1 hvrr urlly onemolcclllrln 100 O00 I5 nmm‘ lfnllDION‘ WEN \'0lk'rI(‘d ill lhr“ms surface. ll Wlllll furm a mmonly zlhoul 3 mm lhl(‘kl Hui bccauselllere ls so lllllc cl ll. and lm~ause llspresenrr ls so lmporlanl.
smallchanges m ozone contcnlrzllunsn dranlallc cel-ls on llleh.owne ls produrrd nalumlly. lrlamoxygen. l-llgll In lhc zlmusphcrr.Natural [orc:s also bftk ll dwn.Wllh the mull man the gas lsconslamly belng crenled anddesuuyed. The
speeds al whlcllthese reacuorls occur duerrnlthow much ozone lhtrc ls ln lheiK!I‘l0!phCl‘l‘. And lhrsc spctds canbe greilly lurnrcd by chcmlcalsln lhe alrncsprlen: whlch acl ascalalysls lrl lhe rcarllons. speedinglhem up wllhuul
lhemscll-cs belrlgdestroyed.Several thcI‘l'\ll‘i-L15 used In 0|’produced by Industry grcally affectlhe spml 3| which nzonl: ls brukcndmlrnl ‘l‘hr:c lntlulk lhvclllorouororzlrbons ICFCS} whlrhare used as Ihc pmpl-ll.-lnls lrlarrosnls. ln rl-
rnnerallnn ll-rl»rloloqv. as llmlnvllluuallq lluenlsin (he plasllr: industry and assulvtnls ln rlerlronlrs. Othergases lhnl spcrd up ma breakdownoi ozone lntludc nllrnus oxide‘ andlhnsc ronlalnlng Chlorine. uurltand nmmmc.ln llylrll: lo
work cul whal \-v\I|mppl-n in umnc ll-vels ln ll-lc f\.IlUl'¢4srlmllals musl rlrsl m.-me|Ir('!1lrIlur\s ilblll how lastt‘hl'I1lll'l\l:' llkr lhc CFCS and nllmllsnxldv wlll bk‘ prndurrd In ll-ll: lulurtThlry \ll5| lhrll make modcls of howlhese ch:-mlrals
rcacl l-am nmnc, 'and \l\1lI\ on: nnlhcr. and tsllmaltIulurr lnuru: levels. al dllTl:r\lhelchls-and al dlllerenl umcs ln ll-lelulurc.The lalrsl rrsulls nhls walksulrsl lhil 0Z0l'\1.‘k'\'rl5 will [all by.1 Yew prrrrnl during lhc l’5l hallo!lhc no.1 emlury-
allhnvllhlnrrenses In CFC rmlsslnrls CouldThe hole in theAntarclic's ozoneMBJSUIOIIWHIS 0! nlnl IGVGIS IDOWma sol/m Polo n ms spmgmveallhil lovals nava Ia/Ien by avpwmlsmlr 1957 Moswlmedeaeasenzsocalnsdslnce
MImn.1a157l7$nlsso changes olnu any aunng meAnlarnlc spnng. Although lrley arellmllaa rrlalrlly lo lha Soulll Pole area.mu oecl can be delacled as Iarnoun as 40'S. No one l/ndsrslarldswhy thew mange: are Om/mng.
orWIIBIHBI lhey could belild SlffllllManges oval wldaramas.cause more man a lo pcrcenl (all mmonc. Mcasurernenls ollhe lolalamounl olomne ln lhealmunphere show lhal levels haverlul l-hanged apprcrlably as ycl —IHOUEH
small Phiti seem ln beotturrlngzll P3l‘\|C\l|JI |1Clg)\I5,\1Ihlow level wan: l'01\L‘€l'\Il'iI|0n§lnrrraslng. and nlgll level nncsdl‘<‘l'l.‘a5l!\Il_ Thrrt haw. hl1wr\'l‘r.been drtrlilllr changes uvrr lhrArllrrllr ($905040.Chrln;1('su|'a few permll ln
mum-ozone lrvrls would be enough lo lelallbalarlllally morc ullrlnltlnldlallnn rrarh lhe Fanlfs surfaceBecause umnc anrls (ht Ear\h‘shcal balnrt lrl a number ofwzvs.rllmalc cuuld also br aIR'§ll‘d bychances m l7lDl1l‘
conrenlrallonsUllravlolel mdlallunls respon-slhlr lur sunbum. snmll'h)lnl1l1QS$.eye dzlmale. skin Ca.n\’tl'_ and lheage-mg and Wnnldlrlg alskln. llallcrls planl growth, slowing dawnprluwsynlm-sls and delaylnggrrrnlnallun In many
planls.Including lrces and amps. Algae areparllcularly sensluve lo uluavlcllelradlalmn. l-alslng fears ll-lal damageI0 lhc ozone layer could upselmanne eullllgy and lower shpopulalluns____.  -_7



I/-R' '  ATTACHMENT BWhat could happen -rm grecnhnusc urrml and nznrlcclnplellnn an nol romplclelyscparalc pmlslsms. Dion: thangcswlll aflecl cllmale. and carbondlozdcl: changcswlll lrlucnrc own:deplelllm. Haw arc lhcsc
Charlgtsllkely lo mum human soclety overthe ntxl hallcenlury?Thrcc scpamtz cccls arelnvulvcd: cllmallc change.abnormally lnsl plal-ll growthcaused by rugn levels ofcarbarldloxlde ln me al.r. and Increasedlevels nlull.ravlcll:l
rzdlzon.Consequences olcllmatll: changeThe mas! ubvluus cllecl ofcllmallcG13: wlll be on agrlcullurt. Aer Cllmale ls llkely lo move lh:areas sulzable (or yl)\vll'lg specllltcraps. surh aswheal. lnwaxds thepoks. lrsolls In lhese areas
arcrcr, yields will (all. Marglnal‘cullure - as pracllsed, lorexzunplt. In the drnughl -prot Sahel- wlll probably sulm mosl becausell wlll bc unable lo adapl easily lonew ccndlllnrls.Cllnngrs In agrlcullurv wlll. Inlurn. produrc cascade
ullcrlslhrollphnul snrlcly. allerlnglllvrmnumlc vlnblllly ollarrnll-lg.agrlcllllllral rmploymrnl,rommndlty pccs. and pallrms olworld lrad: 1-hm u-lll also bewldesprcad changrs in nalural ecu~syslcms. wllh grassland and dcscareas
expanding. and furcslrd areasshrlnklng and mong polcwards.Problcms such as dcscrucallnnuno soll croslon could worsen.“In u 30l7yI|r! or so umhavl nncompnsud malgrimllfllml Ind lndusla!rIVOllI0!ll, Illln M5 bagun Inreplace
nnlum as me englnn a!dllrlllic wlnge. "llélfl K. Tolhl,Exaanlva Dllaclar, UNEPVllladl Ccnfalwllm, 1H5A wm-mar cllrnale mlghl makesome cllles unbearably l'l0l. AWcllvr or dncr cllmale would alsohave major eflecls an waler use
andlung-lcrrn plannlng. perhapsmilking large rcscrvnlrs ur Olhltfpmlcl-lsusclcss long bcfarc lhclrl'lDX’1lll5D-_Vl'Cll’lllL’l|X‘|‘|(.‘ hadclrlpscd.ozone denlellonSoclal ellecls cl damaglng lne almosunerelweasea gleenhcuse gasesmule
snn cancermore eye dlseasegra55laN1saamage lolmmune syslsms less loleslIDWEI clonann llmhil ylelds lhlealerledocean ecology uuselpalrlls ad plaSllCSdegradedmoi: ueserlfalglal agllcullulelllghel so: levelsanu
lloodlrlgEwivslems lilulédrllghel ulllavlulel levelsl walrrlel wellel cllrl'\alE' l 7l'Q"9'cO1|9Y9'5 UI moo: srlm polswar:1S ' Dlarlli gel blgger  Sums ylaldi lrlcleaseweeus gel olggelsells lrrloovellslledmole lemllzsr l6U'JIlEU2CL75Y5lEfY\s
Dl5luPlEG___, l CAB.|N§T-l..I\L-C0l5lFlll§NQE ..As lhl: oceans expanded. sctllevels would rise rauslng ubdlng oflow~lyll-lgareas Whllenthernallorls could aurd In prolccllhcmselvts - as the Dulch havtdon: lnrcznlurlli -
poorzrnalionsmlghl hav: no chulcc but lo loselarge mas olprsclous coastal landIO [ht StaPlants would growlasler and largerBecaus: carbon dlwdd: ls a naturallenlllzer. mu5I planls would glowlarger and fasler ln a hlghcr
carbondlaxlde world. Al llrsl slghl. lhlsmlghl bt lhoughl bcntllrial hecaustyl€ld5 Glrnajor crops mlghlIncrease. Whlle lhls mlghl hr true.lhcre would be many Complicatingcll:Cls' weeds would also gel blgger.planls would be less nch m
nlungznand pcrhlips mm! susccpuble lupcsls. and salls mlghl becomerapldly cmp0vL‘l'l5htd as z resull ofhavlng I0 suslaln hlgh rales ofplanlgruwlh.ln mlllmon. nalural msyslemswould be msl-uulm. Wllhurlpl'(‘dll'\ClhlC rcsulls. as
sornrspcclcs daplcd caslly lo lhc m*\\'condllluns whllc 0\h<'l'5 dwlndll S urled oulHow dangerousls lhe ullraviolel?Higher levels ul'ullra\'wlL'l mdlullonwould have a number cl majorell:-cls on soclcty Skln cancer-already lhz mus!
tummcln lclrrrl ofCanccr In man — would berumr r\'<'rlmare rummon. pnsslbly evenlnrludlnglhe mosl lclhal lorm.mslm-mma, Eye diseases wouldlnmass. and me ablllry ollhebndy‘s lmmurl: syslem ID cope \\1Il\lrllecljans mlghl be
lmpalrcd They'l!ldS olmany craps could lallbecause ulu'av\u]:l radlauon SlDV»'Sdcrwn many aspncls ulplanl grcvhFlasucs are also aerled byuluzvlclel radii-1Llon.and lh:lllrllmcs ofmany commonly usedsynlhcllc malcals would
besnm-l=n=<l. They mlghl have lo bercncwcd rllorel'rcqucnll\'lh:1n llhlpilSl.;llgrl:3lcL‘0n0mlCCns\ lnaddllln. ozone dcplcllnn ls ||k:l_\' l0|1';\d lo mare smvln cluesAPPENDIX 1 7



~ ~ cmamsn|N'coNF|DENcE ‘ ATTACHMENT sl77l"_"— ;' _ '* 7* ’ 7f APPENDIX 1 as the Earth gets warmerTh!‘ EnI’lh'S Cllmalc has nnl vancdby rnnrc lhan 1 or 2 °C m rm past10.000 years. The warrmng cxpvclcdIn the next 50
years wlll lhuscxcccdany rllmallc rhange expcnenced mhuman hlslory.Mdels oflhe Earth's rhmaucsyslem are not yel sulllrlenllyrcllzble m pmdlu exaclly how aralhl-r lhan bcntrlul Thls wouldbe pzlrllculzlrly \ruL' whcrc (Tops
arcfarmed on murglnal landOnt rllmahc mudcl suggcsls lhalgrrl-nhousc warmlng rnuld cause 2lcmperalure lntrcasc 0f3.4 "C andan lnvrcasc ln rainfall ul I8 percenlm sum: pans oianada. Thiswould |0\lllf wheat production by
25n.,.\r<‘rb.1\<‘ rxlsllng prublvrnls surhas ucsmlncarlun. dmughl and soilcmslan. Ecological ha/ztds such asoods. smrms and (ores! res mlghlbecome more common, and warmcrwlnlcrs would cnablc mum pcsls losurvlvc wlnlzrs in
which lhey wouldprevlously have perished.The world waler cyclz ls likely tohe profoundlyglvnn chang: mInuenced by rmavenge "mp" How lempevalurss mtghl use (wl!|lBl_ Nonham Ivemr$9here)arurewrllallecuhe @§_é ,_‘.
<_—‘¢‘~ _ Jdlfferenl reglcns or J -\\f  _:.-> _lhei.-Iarlh. Bul.as J _ . 4 Q \ . 4lhtmaponlhtghl f ‘J l _-'“ \,Alv'.¢'1Yshowslheydoglvc ? . Q ,~— ._mlnalmlonol ' \ ’whal Wm happen. {\ .v , l Qlhlargelcmpel" - >ass|n|n2'C \ E]5_,.c\ %‘rs
vh=ns== 2-rc \ /Iawcx I. wc ]K/2' _Ilo~cy%currln In the@Fgxeanhousewarnung. wlrhrainfall lncruslngln many areas burWllh SOUSbccomlngdrlrr asevaparauon ramslncrtast. N] lhliwould have nrnajnr ellecr onEhlghlzllludrs.
—surlave walrr mn»parllrularly ln uh: ‘oil. and manyrm world‘: major i a a.4: growing areas.ms wanncr lcmpvralurcs speedcrop |!,YOWl|’\. they do nol non-ssanlylcild l0 hlghcrylcldsc muggymnnmans. Inr txamplc, prnvldtIdeal
brcrxilng grounds mr pcsls am:dlsrasts. Bcrausc ngrlrullurc lsgenerally wcll adnplcd lo cxlslmgfllllll‘ rondlllnnsr any m:l_|url‘hi\|1C|S||kulyl0 prove dlsrupllvcpcrttnl, resulllnglnz ran m employ-mrnl and gross domesllc
praducl.Nulurnlctvsyslrms would alsohr disrupted, mm plrlnlllls anddc-sens cxpandmg In an-a. and(arcstrd nrrns growlm: slnnlk-r "rmmlx nl planls In mnlzclrmds would.\llr'r,\\1lh unknnwn rnn$4‘qurnrl'sfor lhc !l0(‘k
grzulnlhrm.Cll|Y\;\llrl'h2lI’lA'l‘I1l|1hl21150dams. resrr\'nlr$and hydro-clcclr srhrmcs muzrnbQ¢Ol‘l’\< uselcssr F'|.\nn|ng wouldbcrom: lrnpclsslhly lmfull lflhrrllnlulr brgan I0 rhungc fasl.How much would sea levels rise?om 0| rm mam
dangers ulawamm nllrnale IS lloomrq lmmnsnq sea mus Howevar. lhegreenhouse uecl rs non uoecleuID mell ma Anlalclnc lcs lo any‘year mom. Irns would reeuvalemwvaruro uses cl some 20 ’Cand likb several Onlu1|2SNor IS
me qlerlhause elleclhwy I0 causa mu glacvers on mawosl ul Amamma In slrp mrolhesea (an ovum mar would cause sealave4s lo ruse by some slx metres)On rm mnllary. lha volume olAmarcnc lee muld mcrsase as arasull nla
small global warmngDGGUSQ 01 IRE "$083526 snwnalllhal Wwld 062111lhey mu amend Scuamuslscalwlals lhal lms expansvon moldcause .1 nsn -n sna luvels olr>e|ween20am uocm lllheavenge lumnevarura mueases
bybevweenl5am14 5’C.3Iemnerarum use l me rmoale cl|ms vanga could mclease sea levelsHvnevev. as me oceans warm up.byab0ulB0an.mnramaner\0vgluIlood huqn arms of urlovoleclec ooaslallandNearly anualhun ul all
human be-ngsIrv! wvm-n so km ol a eaasmne A use msea lavil oi lv hall a Mélle mouldmerelom have Dlulmmd elleC\5 onhabllalvon panems. causmg manyPBWIB Io mwvl and many nl me wot|cl'Smosl Imporlanl cllvas and uorls
In comeW166! lhmal 0| 0DdAdapunq lu nsmq sea Isvals w|l| beaaslal cu nch eounlnss. which are llkalyla be able In aflld elabarzna ieidelencesr man In! poo! onesMaps /lghl show how la! me sea wouldrm/ads Bangladesh mm a
so cm use/lap! Mae 2 0-2 s m use mmwm;--on\ |JRsf,.. r\ ._I'0--.0 _" 1 2lfV&‘/ls r ~_, ,_'1 lilll. n 25 sou»' ---ma$||rM~ mll-Zmssslmn-sec4 I"\-K /L ,3;’); J/1L)\s ~¢~_an K”-"nu\  ""-...u_,~.\'l 1 COISIWWWll so cm ,1]sea lever use _ »' \‘
r‘I



' K  ATTACHMENT k7 7 ""7 " “'7' ' APPENDIX 1 plants get bi erQ9Because rarbnn dioxirlc is a nnluralienilizer. planlS will grow rnslcr andlarger iri 3 liigiier carbcri dlaudcwurld. Ifcarbon dioxide ltvelsdiiuiile- as Hwy ii-lay du by later
iriii-ierieiri ctn(ury—1heyicld5Ofl'nanyCrops. arid weeds, could Increase byan average olaboul a li-iird.Plls have widely dirrenrigresponses ici increased carbiindlD)Gd€ so ll is dimcull ID prediciwhal cllecls lhis could have
onagriculrure. Yields clsurrie criipscould cvzrl double while U105! ofoil-iers changed very llule.Response depends on haw .-i plan!phnlusyrliheslzcs. Planls lhaiproduce inierriiediiiry ciierriicalsi-i iiiree carbon alums. iiie c3is. respond
well; lhusc ihalproduce iniermediai-les wiiii raurCarh aiarris. ilir c4 plariis. iriuciie C3 planis. The uiiier luur-aize. sorghum. mlllei andsug:ircane— are C4 plarlls. whoseyields would r\0l be cxpcrlcd IOless so. h! world‘s 20 major food
crops.HOW yields iiiigrii increaseii £37007! mciiide levels dclmieCWIEVII piiiduciiaiipiuieciad Irlclease4 law.lililllllsaiqiiuiii09%wiiiisiaw/.barley035'/1 ..iv-/imain *. is-/.¢l3‘/ui~9v.O‘./Iirirrcase grrally. U[\ll'\Lll'll(’ly_lrircc K1l\hl‘5l‘ arc liic
slcipic l()Od5 nlmnsl nl sun-saliaren All-lr-a_ \\‘l'lCY(‘laud is already in shun supply.While iricresscd yields Wnuld liebcncclal in manv areas. lhls wouldnol bell-ue in lhr Urlllcd Slaies. liicEEC ccuriines and Japan: iiere crerprciilueiicn
is already agricullurespi-incipal priiblerri. Fuhcr yieldincreases would lower prices in-idsunieci farmers lo increasingeconomic pressure.Elggcr pl3.l'\lS willi largeryleldseculd raise cilier prualerris. iuu.unless larger ariiaui-iis
Ol¢.\|7!l'l5l\'Cleriilizer were used. lhe §0ll nlighlwell iiecnrrie lfl1pD'V!l'lSl'lBd K5 iisiiuiiglcd [O prcvide iiie riuim-nisrequired by an iiicressed crrip cci-er and the ultraviolet increasesllOz0l1l' levels arc dcplrlcd liy a {cwpcrtenl early iri
ilic I’\l'Xl rcriiiiry.ilii-re will bc intrrzlsrd lcvcls iii a.ilcn crilie speriruni lrriiiwi-i as~Bl'l ii-ie eiir-ili's surface. UV-Bcauses sluri cancer arid eye dlscastiri marl. slciws dOV~T| planlgm\\1h.lsleiiiai IO iiiaririe algae and breakswn liie chemical
slmclure ofIS and piasllcs.urrerirly. iieiween lOand soperrcrii clilie Sun's uv- B reachesii-ie Eel-iii's surface "Ozone l!'\'El5were lo fall by 10 percenl. theamuunl oi UV-B reaching lhe Eaniiwould irierease by aliiiui 20
pCl'CL‘nl.W0fld\\1tl!.ab0u( lD0.000pcl7pledie lrcrii si-riri cancer every yesr -and UV~BlSlmpll<‘3Ied ln moslcases ufskln cancer. ln the Unllldslales. inc Nauonal Academy ofScience: has csllmzled lhal each lperceiii dcpltllbn cliieiiiie
wouldincrease lh: Incidence olsklnca.-ieer by 2 perceril. ori iiiis iiasis. a3 percerii rcducuon iri uzni-ie wouldiiruduce some 20.000 mO\’t cases ofSkin cancer In lhc Unllcd Slalesevery year.Olhcr medical rllcvls arc harderid iiuririilry:
mnrc UVrB will inrrcasveye disease. skin nrleing andwrinlilirig. and probably impairIn brief- ii lhe EMISSION cl rnicriaiilieraeaioariswe/u held ciwisisiii. semi i as iiiiiiidiicases 0/ "Oil-¢W0ld!lOVfl slwi mriiwririigiil ix ava-and9 U18
Q3515 OI IGGWQ $l3l7iliIE!S IO PVCiri cwiiler a zrperwii aecrieireaisiriri by ii‘lByIa!?D75 WWHiiIVil7l.!!ll lo iiesdy uss s aiiiiiiris siiiw levels W Nmlrvlilw lwiiisdeuiisandLnsAl\g9I9S cciiidiliersassayasliiilui as sopcirssmii slime
isseniiiiiriy iapleleaana lmipwalwes!SBiiic body sahlllry [0 Cup: wiiiiirireciiiiris iri general.some 200 species olplanls h\'!been lesled fur sensillvlry \o UV-B.and zlboul (W0-thirds oflhcmrlcspond - griiu-iii is slcwnrandpollcn may fall ic
gei-iiiinaie. A 25pcrcci-ii omnc dcplclicri. llirL'XJ'ipl(‘. would lie eniccied ID lowersci-lsesiri yii-ids by 2o~2s pcrccrli. iiis liinuighl lhl irees and grasseswuiiid lie par\lrul.1rl_i'b:ldly alllrrlcrlbx" hlrlhcr UV-U l('\'c|§.Flsh.:1nd liic nlqnc nn
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' %BlNEIN-CONFlDE~ =l-1. .'.; ~- 'L'r_1"-lY=.'A'¥L en.-1» ‘:- q<\-u~<- -2 uni ~s.=iiu*:BIB!;E_B_QB@l. As a basis for identifying research needs relevant to thegreenhouse effect and induced climate changes, a review
wasundertaken of research being carried out within Australia.Questionnaires were sent to all Commonwealth Departments, toState agencies through the Australian Environment Council andthe Planning Ministers Conference, to
academic, science andtechnology associations as well as specific tertiaryinstitutions, to all contributors to ‘the Greenl-1ouse'87Conference and to relevant bodies within the minerals andenergy industries.2. 134 positive responses
to the questionnaire werereceived — 75 from tertiary institutions, 33 from withinCSIRD, 7 from within the Bureau of Meteorology, B fromColmnonwealth agencies, 7 from State agencies, 2 from aresearch centre and 2 from
industry. Not all respondentseruvicled full information to the questionnaire.3. From the survey response current research funding wasdetermined to be $13.8 million - including $9.9 million foratmospheric/climate research, $1.1
million on oceanic..-esearch, $1.0 million on primary production studies, $0.65million on natural resources, and $0.56 million on geologicalpaleo/sedimentary research. Most of the research is beingundertaken within the CSIRO,
the Bureau of Meteorology and theUniversities (combined total of $13.1 million) withconsiderable logistic and technical support being provided bythe Antarctic Division of DASETT in respect of Antarctic andSouthern Ocean
studies. The amount of resources identified inthis way however, is clearly unsuitable as a basis fordetermining specific research needs since there are widevariations in relevance between individual proposals.‘. Accordingly,
proposals were categorised into three groupsusing the following criteria.(a) $2ate.qsuw_A :‘i) Proposals assessing the existence or extent of greenhouseeffects and the direct effects of changing concentrationsof greenhouse
gases on climate and vegetation;(ii) Time frame of research within 5-10 years.(b) 51s.te.a.axy_B =(i) Proposals assessing the potential effects of direct andindirect greenhouse induced climate and other changes inthe Australian
region and options for preventing oradapting to such effects;(ii) Time frame of research within 5-10 years.(C) §_a!:es9J:y_C =(i) Proposals which, whilst having some relevance, areprimarily addressing other issues or being
undertaken forother reasons;CABINET-IN-CONFIDENCE



' CAB|NEI%lN-CONFlDEN§mmg;-A;(ii) Time frame of research long term, ongoing or uncertain.5. Of the total $13.8 million being spent on researchapproximately $4.3 million is spent on category A research,$3.5 million on
category B research and $6.0 million oncategory C research. A summary of the form of research beingundertaken in each of the three categories is given below.§aLessu:y_a ($4.3 million)6. Yroposals relate mainly to climate,
atmospheric andoceanic aspects with a relatively minor component studyingnatural resource and primary production issues.7. The majority of the research is undertaken within theCSIRO ($3.31 million) — primarily the Institute of
NaturalResources and Environment. The Bureau of Meteorology ($0.6million) — primarily the Bureau of Meteorology ResearchCentre, and the Universities ($0.37 million) — primarilylbourne, Flinders, Monash, Macquarie and the
University of.7; — play a prominent role. The Antarctic Division of DASETTprovides logistic and technical support for Antarctic andSouthern Ocean research by both agencie and universities.‘;usg_ory_a ($3.5 million)8. Proposals
relate mainly to the assessment of implicationsfor coastal areas, natural resources and primary productionand to paleo/sedimentary climate analog studies.9. Atmospheric/climate proposals comprise mainly monitoringor related
model developments necessary for assessinggreenhouse scenarios.10. The main sectors undertaking research within thisategory are the Universities ($1.4 million) and the CSIRO‘$1.3 million).C.atessz:!_§ ($6.0 million)‘I. The
dominant item within this category, estimated to be4.63 million, is for ongoing collection and management by theBureau of Meteorology of the climate data base. This data iscollected for a wide range of assessment and
managementpurposes within the Bureau.l2. The bulk of other proposals (numbering 21) were receivedfrom Universities and relate mainly to existing naturalresource, coastal or primary production studies, whichalthough providing
necessary background information for theassessment of greenhouse effects, were established for otherpurposes. 'E 13. Only research proposals specifically categorised asrelating to the greenhouse effect under the National
EnergyResearch, Development and Demonstration Program (NI-JRDDP) wereincluded in this survey. Consequently there remains a rangeof energy related projects currently funded by NERDDP whichhave not been cited in
these results.CABINET-IN-CONFIDENCE



' ' CABINEDIN-CONFlDE 14. Only a very small. amount of socio—economic relatedresearch is currently being undertaken in either categories A,BOIC.CABINET-IN-CONFIDENCE



‘ ' CABINET}! N-CONFIDENQQACHEM DAUS'l‘RALIA'S RESPONSE STRATEGY TO GREENHOUSE CLIMATE CHANGE1. It is proposed to:(a) fund an accelerated program of core research onmodelling of regional climate
change;(b) establish a National Greenhouse Advisory Conunitteeto monitor and review greenhouse research:(c) establish, by 1990/91, a competitive researchgrants scheme dedicated to greenhouse climatechange (particularly
impact and response issues);(d) develop policy and administrative initiatives toaddress the cause and impacts both within Australiaand internationally: and(E) continue to increase community understanding of theissues involved,
especially levels of naturalresource use.Core Research2. The core research program on the modelling of regionalclimate change will be accelerated by funds provided to CSIRO,BOM and the Department of Defence (which chairs
the PermanentCommittee on Tides and Mean Sea level) by a budget allocationto the Department cf the Arts, Sport, the Environment, Tourismand Territories (DASETT).3. The National Greenhouse Advisory Committee (see
below)will receive reports and review progress on the core researchprogram. All research would be reported in scientificliterature.4. An overview or the core research program is atAttachment E. Further details on each of the
components areat Attachment F.5. The program focuses only on the minimum level of workwhich must be done to enable regional predictions ofgreenhouse climate change to be made. It does not address thefull. range of
important, related areas such as forests andmarine systems (coral reefs etc) which fix carbon dioxide,changes in the oceans and in plant growth arising Eran inpactsin the atmosphere, natural climate variability and
climatemonitoring (including accurate baseline data). (The widergeneral climate issues will be addressed in a National ClimateProgram currently being developed by BOM.)6. The following funds are sought:(a) $O.705m in
1988/69 ($0-405m salaries andoperational costs, $0.3UOm one-off capital costs)(b) 54.832m in 1989/90 ($1.370m one off capital costs)Ongoing funding will be the subject of a further Cabinetsubmission later this year (funding of
$3.462m pa isanticipated for 1990/91 onwards).CABINET-IN-CONFIDENCE



' ' CAB|NE§glN-CONFlDEN(;.§.Acmmm D7. A review of the core program and its funding levels willbe undertaken in 1991/92.National Greenhouse Advisory Committee8. The proposed National Greenhouse Advisory Committee
wouldconsist of 4-6 eminent scientists with expertise in climatechange and impact issues. CSIRO, BOM and the Academy ofScience would be represented. Other members would be expertsin fields such as natural ecosystems,
agriculture,engineering/town planning etc. The Committee's role would beto:(a) provide expert scientific advice to Government ongreenhouse issues generally and, in particular,advice on priority areas for further
greenhouseresearch (basic science, impacts and responses) andset objectives for a dedicated research grantsscheme, with a view to having the scheme operationalin 1990/91;(b) receive reports and review progress on both the
coreresearch and, from 1990/91, the grants schemeprojects;. (c) provide expert advice to Government on internationalgreenhouse activities:(d) promote public dissemination of greenhouseinformation (using where possible
existing channelseg. Academy of Science and the Conunission for theFuture): and(e) liaise with other relevant organisations to ensurethat it does not duplicate efforts elsewhere.9. Members would be appointed by the Minister for
the Arts,Sport, the Environment, Tourism and Territories, inconsultation with the Ministers for Administrative Services‘and Science, Customs and Small Business. Die Coimnittee wouldreport to the Minister for the Arts, Sport, the
Environment,Tourism and Territories and be serviced by his Department.10. The Committee would meet quarterly or as necessary, with.provision for working groups and review mechanisms. Operatingexpenses covering travel,
accommodation and sitting fees forCommittee and working group members, publicity and publishingcosts and secretariat support (including establishment,salaries and on cost) are estimated at $0.0B6m for 1988/89 and$0.634r|\
for 1989/90. An extra 3 ASL are required in 1989/90.(0perating expenses of $D.7l4m for both 1990/91 and 1991/92are anticipated with a requirement for an extra 5 ASL from1990/91 (see paragraph 15 below) for DASETT.)11.
Under the proposed research grants scheme (foreshadowedin paragraph 8 above) project funds would be available from1990/91 to all researchers, in research institutes, academiaand government (including agencies such as the
Bureau of RuralResources, the Australian Biological Resources Study and theAntarctic Division of DASBTT). Applications would be subjectto peer review (details of the process to be settled inconsultation with the Australian
Research Council (ARC) ).CABINET-IN-CONFIDENCE



' CABINEHN-CONFIDENQEACMM D12. The scheme would complement, but not duplicate, existingarrangements such as the National Energy Research, Developmentand Demonstration Program.13. Grants would be awarded
by the Minister for the Arts,Sport, the Environment, Tourism and Territories, onrecommendation from the National Greenhouse AdvisoryCommittee.l4. Phased introduction of the scheme is proposed to betterengender interest and
expertise. While funding for the schemewill be the subject of a further submission later this year,funds proposed at this stage are:(a) $1.500m for 1990/91;(b) $3.000m from 1991/92 onwards.15. An extra 2 ASL from 1990/91, plus
administrative, supportand travel costs, will be required by DASETI‘ to administerboth the proposed research grants scheme and the core researchprogram (to be sought in the further submission later thisoyear) under the
National Greenhouse Advisory Committee .Commonwealth Inter—Agenc! Committee.16. It is proposed that DASBIT convene a committee ofCommonwealth agencies to co—ordinate Commonwealth action ongreenhouse issues
generally. Key agencies on the committeewould include the Departments of Primary Industries andEnergy, Industry, Technology and Conunerce/CSIRO,Administrative Services/B04, Community Services and Health,Inunigration,
Local Government and Ethnic Affairs, Transportand Communications, Employment, Education and Training,Defence, Foreign Affairs and Trade, Attorney-Genera1's andthe Prime Minister and Cabinet/ASTEC.‘7. This committee
would assume responsibility for co-rdinating Australia's input into the WMO/UNEPIntergovernmental Panel on Climate Change (IPCC) currentlyundertaken by a co—ordinating committee convened by ASTEC.‘uatralian
Participation in International DevelopmentsWMO—UNEP Interoovernmental Panel on Climate Change (IPCC)18. The panel is currently reviewing available scientificmaterial and assessing likely impacts and possible
responsestrategies and has planned a heavy work program for this andthe next few years.19. The WMO—lJNEP IPCC is the principal forum for thedevelopment of an international policy response to climatechange issues.20. To
date, Australia has made an effective and positivecontribution to the work of the lhnel. Ihis nust continue ifour interests are to be protected. Japan, USA, UK, Denmark,Finland, Canada and Switzerland have already pledged
financialsupport. Australia has also been requested to providefinancial support.CABINET-IN-CONFIDENCE



' CABlNEI1lN-CONFIDENQEACHHBM D21. Funding of $10,000 is sought in 1988/89 for an Australiancontribution to the running of the Panel. $80,000 is soughtin 1989/90 for a contribution to the mnel ($10,000) andassociated
workshops ($50,000) and necessary travel withinAustralia and administrative support for the development ofsoundly based Australian positions. (A reduced amount of$50,000 is anticipated for 1990/91 due to the fewer number
ofworkshops to be held in that year). Funding for Australianrepresentatives to attend Panel and Working Group meetings hasbeen included separately under DASETI‘ co—ordination funds.UNEP Climate Iggact Studies
Erograinne22. A contribution of $50,000 per annum is proposed for theUNEP Climate Impact Studies Programs. This Study is one offour subprograms under the World Climate Program and the fundssought will be used to
stimulate impact assessment work withinthe Australian/Asian/South Pacific region.International Geosphere-Biosphere ProgramO23. The International Geosphere-Biosphere Program will be thepreeminent international scientific
program of the 1990's and,amongst other things, will further our understanding of therole of biosphere—climate interactions and possible inpactsOnd responses of the biosphere to predicted climate changes.24. Funding is sought
to assist the Australian CoordinatingCommittee, established under the auspices of the AustralianAcademy of Science, develop an Australian participativeresearch program for the IGBP: $40,000 in 1988/89 and$150,000 in
1989/90 (with an anticipated requirement of$150,000 in 1990/91).Other International I itiati en v s‘S. Greenhouse related climate change is currently beingddressed in a wide range of international fora. Heads ofGovernment met in
the Netherlands on ll March 1989.Ministerial meetings will be held in Japan (September 1989)and the Netherlands (November 1989).O6. Climate and climate change has been included as a projectin the United Nations system-
wide medium—term environmentprogram for the period 1990-1995. Greenhouse climate changeis a feature of UNESCO's Climate Change and the Oceansprogram.27. Initiatives are also being undertaken within the
OEICDEnvironment Colmnittee (which are being closely co—ordinatedwith the International Energy Agency and the Nuclear EnergyAgency), and the South Ecific lbgional Ehvironment Program.Conferences are being held to
develop a possible Law of theAtmosphere convention.28. Funding is sought under DASETT co—ordination to enableAustralia to actively participate in the developingCABINET-IN-CONFIDENCE



CABINEEJN-CONFIDENQEACMM Dinternational activities (both research and policy):(1) $0.08lm in 1988/B9 and $U.252m in 1989/90, (withanticipated requirements of $D.22tn in 1990/91 and$0.182m in 1991/92) to enable
appropriate Australianexperts fran research organisations, academia andgovernment agencies to attend relevant internationalconferences to actively promote Australia's interests;(ii) $0.075m per annum for the secondment of an
officerfrom DASETT to UNESCO for two years (1989/90 and1990/91) to work on the Climate Change and the Oceanprogram (this will provide a strong southernhemisphere emphasis); and(iii) $D.400m over 1989/90 and 1990/91,
($0.100m in 1939/90and $0.300m in 1990/91) to enable Australia to host amajor international conference within Australia in1990/91 on the greenhouse effect and related climatechange issues, as foreshadowed by the Prime
Ministerin Parliament in November 1988. The major purpose ofthe conference will be to focus on policy issues ofparticular importance to the region and the southernhemisphere as a means of countering the predominantnorthern
hemisphere bias that currently dominatesinternational discussion on this issue. It isproposed that representatives be invited (and wherenecessary financially supported) from Africa, SouthAmerica, Asia and the South Pacific in an
effort tomake the conference representative of the southernhemisphere.DASBTT Activities.29. An additional 7 staff are required within DASETT tosupplement existing resources for a range of policydevelopment tasks including
the development of positionpapers, reviewing overseas initiatives, servicinginternational commitments, data and information collection and.dissemination, the development of an education program,incorporating greenhouse
climate change considerations intoenvironmental impact assessment procedures, and associatedcorporate services support. Major tasks in the short termrelate to holding a regional workshop in 1989/90 toconcentrate on impacts
and to hosting a major internationalconference in Australia in 1990/91 to focus on regional andsouthern hemisphere issues (see above). Additionaladministrative and support funds for these activities arerequired in addition to the
staff and funds set out earlier inthis attachment to service the Greenhouse Committee and, from1990/91, administer the grant scheme for research funding.Establishment, salary, on costs and domestic travel for theseadditional
staff are estimated at $0.067m in 88/B9 and $0.479min 89/90. (Funding from 1990/91 will be the subject of afurther submission with anticipated requirements of $0.407m in90/91 and $0.407m in 91/92.)CABINET-IN-
CONFIDENCE



CABINET-IN-CONFIDENCE29FINANCIAL BREAKDOWN30. The following fundsas/a9$mCore research 0.705Grants scheme —----Greenhouse C'ttee 0.086WHO-UNEP IPCC 0.010UNE P climateimpact studies 0.050IGBP
planning 0.040DASET1‘ activities/ 0.148coordinationTOTALS 1 .0 J9are sought:89/90$m4. B 320. 6 340.0800.0500.1501.0066.75290/91'$m3. 4521.5000.7140.0500.0500.1501.0066.932ATTACHMENT
D91/92'$m3.4623.0000.7140.0500.5897.815Note: “ hroposed; approval for 1990/91 and 1991/92 funds isto be sought in a further submission later this year from theMinister for the Arts, Sport. the Environment, Tourism
andTerritories reporting back to Cabinet on greenhouse issues.CABINET-IN-CONFIDENCE



3° ALlai:lr.menLE.CABINET-IN-CONFIDENCEAustralian Climate Change Core Research ProgramCLIMATE AND CLIMATE CHANGEClimate equilihrium on eanh is rnaintairted by the solar-tet-rt-strtal radiation halanee. Climate
iraelf is the result oi’the complex irlenction of the earth/aunosphere/oceanlbiosphere ayocm. Atmospheric scientists aroratd the worldhave used their turderstartrting olrhis system tocortsrmcteompttter models which allow the
description ofhow theatmosphere varieslrorntinteu1timeandplaeetnplace(weatherlorecm.ing). Usirqsuchrnodelatndacriheaveragesituations allows the simulation ol clirnle.lt is now well-established tltat the composition ol the urth‘s
aunowhere iachnging and I-ill the inclcuing levelsoi trace gases in the atmosphere are likely to upset the solar-lenutrial radiation balance. To use oontptrter modelsas a tool to determine how the earth‘: climate will respond. with
the aim ol placing specific emphasison howAusunliaas a wholcutd trom region tn region will be affected is ureesenee oftlreproposedclinutechartge program.TIMING/URG ENCYWhile it has been long recognized that atmospheric
changes and the buildup of radiatively active gmes in the at-mosphere could in principle lead to a global warming, only in recent years have scientists collected enough evidencetoestirnate how and why these gases are
increasing. This evidence olchangittg aunospheric composition. the speedOi this cllnge. the link with human activities and the combined effect of the viious llmoqlheric IIKC $1.14 PMbrought about the rulization that significant
climatic change cart be expected over the next few decadesMore than anything else, the tact that the changes will occur at rates laste: than experienced at any time duringhumanorgeological hkswry dictates the urgency asocialcd
withobtaining the bestpossihle mimatesolhowclitnateis expected to respond. ln particular, there is a gut necd to detcnrtine what the changes for Atstnlia will he. andhow they will allect specic regions. Finally. thcre is artother reamn
for urgency‘ it is ta know what the changeswill be and what impactthey are likcty to have so that thme consideratirmcan be used in decision ntakirtgon wlntmitigation strategies might be devised and how elTective they arc likely to
be. In order for deciaiortt In be made onenergy use‘ lur example, the impact nl the changes and the associated economic and social cosu will have to hewell-dened.CURRENT RESEARCHln terms of rarryirrg out the core research
which will lead to estimates nl’ how clintat: over Australia is going tochange. two organisations have the necessary experience and expertise.They are the C‘SlROarrd the Australian Bureau ol Meteorology. Research projects
addresing the issue ol chang-ing atmospheric composition. climate and climate change are already in place However. tn make signicant scien~tic progress on a time-rule matching the new sense oi‘ urgency ler beucr estimates of
regional climate clnnge, asignificant infusion of resources is needed.THE ENHANCED RESEARCH EFFORTThe auachod pwjectpropoals detail the additional resources ncedcd.and thc specific purpose to which they will
beput.Project Al describes the collaborative ellort hctwecn CSIRO and BuM to dctelop Australian Climate Models tothe point Where they can be used for regional climate studies. it has to he cmplta\t.\'crl than this is rt crlttial
researchproject of immense complexity. Hence tl will have to be seen as a long-term t'0mIt'lilmcnL Paired with At ispmjoclA2 which will use the resultt [torn Al. as well as results from other approaches tn the problem of climate
changeto provide methndsand rrreeltanisrrts lor estimates of regional climate change tn be made available while the coreresearch pmgrmesCABINET-IN-CONFIDENCE



~ CABINEHIN-CONFIDENCEThcre is I weoml avenue olcore rtsearch which needs lo be pursued in panllcl ivilh Ihe above. These pm'prl.1 willserve in provide beuerdescripuoncolibe ean.h/uimosnherelocean sysieni in be uni in
lhecliniuie modelling undies.They are: Pr0}‘A:L\ B I und B1. demilcd musurcmcnu olcurrcnl und posi greenhouse gas COI\C0ll||‘ll|0|l$ which ureneeded In csiiinnic luiuic changes; Pmjeeu Cl. C2 Ind C3 inveuigning lhc nee gm and
hciu uxes uvcr thetinl and lhc rule 0! me nctan in climale change. and Pmjccls Dl-D4 which re all cmcerncd with ihe responseol lcrrcsuiul hiosphere sysicm l0 l.|lC changing climule end changing carbon dioxide conccnuniuis, Ind
how ll!!!Chillgti will in iurn inuence uimosphcric pnaccsscs. All ihe alvnveinenuoned research prujeeis are essuninl formy impact studies lo he applied successfully.ll has Io be siruwcd lhal the new fumti und mflrequesmd will be
used lo cuinplancnia reseaich erlon which coverssome Jll CSIRO and 7 BoM research sla and In eslimaled current expendilile of S3.(1D.l.Xl) (CSIRO) Ind55601110 (BQM).nally. lhcv: 'u I lhirdlvvnue ofcoie funding which needs lo
be addrcmad. This iaconccxxl wilh scrlzvelcllllge.Finue elwngu in global sea level will depend on me iespcme by the oceans mil larnaued ice I7 she dilllll iccharges. However. in unler in apply any eszimnies olglohul and regional
sea-level change there Ms in he Ill le-cume record ol the currun nuiurul llucunliona Ind |.n:n& in an level on I regiunnl scale. PmjeclC4 ducrlballieplanloenublidiisiuieollrne|nsea~levelmoi|iwri|i|siu\iuun|ppmprinleai\:sI01l\6Ausnlh.
Theprupinlis sponsored by the Pcnnnnenl Cornminez on Tides and Mean Sc! Level.CABINET-IN-CONFIDENCE



' CAB|NE'i2-IN-CONFIDENCEAltnclttuenlj.CSIRO institute of Natural Resources and EnvironmentClimate Change Proposals(Cure research)A. Climate Change Modelling and Predictionll. Genenl circulation modelling of regioml
clintat:change lortlie Austnlin region . . . . . . _ i .. . . .lb. Gttnenl circulation mndelling of regional climatechange for Aintrelh2. Delliled estimates of regional cliinnte changeselected pans oi Aiistnlh . . . . . . . . . . . . . i . . .. .3. Modelling
oceanic pmcesses relevttltt toclimatic change end prediction . . . . . . . . . i . i . .. .B. mospheric Greenhouse Gases1. urement programs relevant to the vnlidationof climate change moitels. i.Upg;-riding ttunospherii:greenhouse
ganriettsiirements . . . .. . . . . . . . . . .. .2. Measurement progrsnis relevant to me vrilidriiion.lirnnte change models. Z.Hiswncal records of greenhouseconcentration Iront Antarctic ice-core analysis . . . . . .C. Atmosphere/Oceans
InteractionI. The role of the southern hemisphere oceans in takingup urban dioxide: physics. chemistry and ocean productivity2. Measuring thernui wiicutie and see level tor climatestudies . . 4 4 . . . . . . . . . i . . . . . . . . . . . . .. .1.
The role of the Sottthem and South Pacic Oceans inclimate change . . . . . . . . . . . . . . . . . . . . . . .. .1. scliiie see level monitoring stations and a national sea3| facilityD. Atmospherefforrestrlal Biosphere lntorectioriainstitution
tFundinq(k$)Fteuir. One-oilNotesDARBMRCDARDARIDODARDAR/AADDAR!DO/DFDODO/AADPCTMSLDWIUDWRl. liericiripiitstneunosphcricgeneisitciruiiiiiion . . . 4 . . . . DARICEMIclitttzttepredictloninodels Z. iiriatechangeand
wnteriiseeiciettcy . . . 4 . .3. Satellite mctttitoring of Aiisualian region climateclung: . . . . . . . . . . . . . . . . . . . . . . . . . ._ .4. lmpliclliolls Olclimlt-e clllge lor ground waterrr>cliugi:.rnintiilI Ind temperature . . . . . . .
.CEM/DPI/ANUDAR/OWEDWR6405563202908085200l 70300l86l7Oill)l75l7UPart of Airgun B8DA§ETl'|Il\7|7U§lJuly 88 ABCWW9"!2l02026070Phased develop.too mm develop.so Phased tlitlqpiw150Touls (KS)3462I670t AAD.
Australian Antarctic Division; BMRC, Btueau nl Meteorology Rescwch Centre; CEM. CSIRO Centre for EnvironmentalMcdlltics; DAR. CSlRO Divisiut of Atmospheric Research: DO. CSIRO Division Or0Chl'iDgl3PhYl DPI. CSIRO
Division cl Plant In.dustry: DWE, CSiR0 Division oi Wildlife A Ecology; DWR. CSIRO Division of Wetcr Resources; PCTMSL. Perrnaitent Committeeon Tides and Mean Sea Level.CABINET-IN-CONFIDENCE



CABINET‘-IN-CONFIDENCE “MMClimate Change CORE RESEARCH PROGRAM - DetailsA.Ia General Circulation Modelling 0|’ Regional Climate Change' for AustraliaC SlRO DlVlS>0ll ol Atmospheric ResearchBackgroundThis
istlte key eon: tttsmrch program for climate research at itaimsto provide the most powerful technique Iosyn<tltuise all atmospheric. terrestrial and nunosphete/ocean processes at work and to simulate climate and climatechange.
Current capacity to simulate regional clirnate change is etttrcmely limited. The task of improving both thebasic mrlcrstandlng and the incotponaion of this understanding into regioml climate prediction models is enor-mous but the
implications to the Ausualian community demand trot this work proeeed without dehy.RationaleClimate is simulated by mean: oi general circulation models of the atmosphere to which eventually an ooeatt modelwill be auached.
Experiments will he carried out simulating present and luture climate by rising ‘normal’ and‘doub|e‘ CO1 corwentratiorts in the model atmosphere. ln order to provide a more deuiled aseeaanent for theAustralian region. the
capability will he developed In ‘nest’ a higha resolution climate model specic to theAustralian region within the global general circulation model. Improved represuttations of all relevant processwill be included as core research in
other areas provides better ways of parameurising them.ObjectiveTo provide increasingly reliable estimates of southem ltcrnlstthcte and regional climate change rmulting from oh-scrvcd and expected lttutre incrmscs in trace gmes
and (possibly) changes in land utilisation.DescriptionBecause of the relative surges oi development and wmlwting requirements oldilTerent models. I4-level model willbe med to provide the Frst greenhouse estimates lot Australia.
Multiannurtl simulations oi at lust ten yarn will hecarried out. wltlt the emphasis on tmesslng potential changes at the regional level and daily extmnes in tainlall.tempcrature.ete. A 9-level model developed at the (now defunct)
Australian Numeriatl Mueorologiral ResearchCernrc. is being l’urlJleI tlevelqztd as I climate model with I nested high Iesolulictrt area over Australia. With thisnested cat-ability it will be able to simulate more local climatic changes
and provide much ul the detail necesarylot commct-rial and political decision making.lt is proposed tn couple both models to oceanic models as tltis isun absolutely critical requirement forsimulatlngthe climatic system adequately.
Preliminary coupling experiments are underway with the 4-level rttodcl but moreadvanced oceanic models will need to be developed.The models will be capable oi‘ incorporating improvements in understanding the relevant
physical ptnceseustheseimprovements arise.Close cooperation with scientists in the Bureau of Meteorology Research Centre will be maintained during thisdcvcloprncnt and the ntnning oi’ the models‘SlalngCuncnt smol 3 Ruearch
Scrcntlvu and 4 suP|'\0 tort tttn be increased by 4 Research Scicnusttand .1 E1t|'It‘l'ilI\('n-ta! Sc ietttists.Budget‘Salaries and on-costs (4 RS. 4 ES) 5440.000/yearOperating 5200.000/yearTotal: S6-10.l'lXllyear' Additional to these
gures will be the eostol the models on a mainlrame computer (i.e. the CYBER 205. current-ly tree of charge. and the access to CS IRONET network and storage lacilitics at reduced rates). This research is verydependent on
CSIRONET-type services - hence the cost will be sensitive to charging rates.Contac1s:G.B. Tttcltcr. 0.t. Pearman, ts‘ Freoertteert 5.0. um.CABIN ET- | N-CON Fl DENCE



Alla£lulll|.l.E.- CABlNEl'1lN-CONFIDENCEA.lh General Circulation Modelling of Regional Climale Change for AustraliaBureau of Mcleomlngy Research CenueBackgroundThis allachmcni describes ihc Bureau of Mclcomlogy
Research Ccn|re's cornpuient of the joinl CSIRO-Bureau ofMeworvlogy climax: modelling core research pmgnun in supporl ol climale change mewncms in Lhe Australianregion.A global prediciion and climale model is currently
used by me Bureau of Mcieovology Research Cenue (BMRC)for global medium rmge prediction and globe! climele simulalion over a nnge ofmodel resolulims, The model,origimlly developed in lhe (now deluncl) Australian
Numerical Meleorology lleseachCenl|e (ANMRC) under lhejoinl spomor:'hip ol'|.he Bruun oi Melmmlogy and the CSIRO. ha been subsunlially exlended in lhe last 1 yursin rho BMRC and now wrrslimles a mu olihe an global
modelling laciliiy. ln more reeeni limes the model hasalso been sulmamhlly veciorised and is now Iully eompniible wiih lhe Bureau’: reeenlly commissioned ETA I0suiaereollqalia.ObjectiveTo develop Ihe Buruu ol Meworology
Resend’: Cenue GlolIIC1imnlc Model lo enable lhe invesligaion of lheimpaci ol inermsed greenhouse gueson iheclimaie ol lire Ausualian region.DescriptionThe |I‘0bk!m of developing more mlinble regional prediciions of climne
change involves the syslemalic sludy ofthe vlious shortcomings of lhe model and lhe developmenl of impmvanenls In overcome lime. Many of the lrn~pmvcmenls required lor die climate clung: simulniions are prescmly being
studied in vhc BMRC where lhe modelis used primarily [or medium range predictions.ve additional slxll are required in order lo Full the BMRC objectives ol the modelling pmjecL The addilimailstall are needed(i) ID develop ihe
model upahiliiies(ii) lo develop diagnosiie sofrware In analyse me model ourpui(iii) I0 rrmnuin lire model code(iv) no analyse she model nuipui and(v) in liaise wiih CSIRO and orhcr groups working on ihe propelSlaingThe projocl
will require in BMRC [our addilional science slzll and one additional CSO. The lurvclionsoleacli ad-diiional sufl member are: Coordmauon of model developmcl 4Sc|ence); C limaic model Aevelopmcrn (Science);Otcin model
dcvelo|JII\cnl(Sr1eI\r£); Modelling ofclimal: variability (Science); and Model Mzlinlcnaricc (CSO)4BudgetSalaries and oncosu 5352.000 per yearOperniing wsls $104 .000 per yearTotal: $5561“) per yearConlacl: MJ.
MunmnCABINET-IN-CONFIDENCE



Attaslt.mettt.£.- CABlNE‘l§IN-CONFIDENCEA.2 Detailed Estimates ol‘ Regional Climate Changefor Selected Parts ol‘ AtutraliaCSIRO Division of Atmospheric ResarchBackgroundThis is the key applied research program mnning
in parallel with the general circulation modelling activityt ln ed-dition to the specic use ol results obtained from the general circulation modelling at climate change, a variety oftechniques will be used to develop a methodology to
assess regional climate change.RationaleWhile the core research erlort in the modelling olclimate change is being advanced over the next S-I0 yearsthorewill he an urgent neat tor the best estirrtates ol’ regiornl climate change to
he provided at speeic intervals Theseestimates will be based on the latest modelling results. both from the Ausrraliut modelling studiesartd, ivhereap~pmpri1e,Nonhernherrt'spl\r:estudiesthataterelevantk:Austra1ia
'l‘hesearet.obeatpplctnata:dl7yavIiety0l'other techniques which will include analyst: of past Itd currurtclimate thta, and sttatiesolsynoptic thta to ndamoeiations with climate variables that are more difliouh to predict
etplicity.ObjectiveTo provide the bestavailnble specific and regional estimates ofdetails nlthe climate change likely tn beexperienoedin critical areas oi AusualiaDescriptionThrough this applied research project wc will obtain thc
best available estimates of regional climate change.Methodologies will he developed to obtain composite regional estimates using:- results front high resolution models and low resolution models of atmosphere and atmosphere
and ocean,- comparisons with modelling results ltom other tttorthem hemiqiiere) centers.- inference from talooelirnatlc changes.- results from data studies relating climate elements that are not predicted (or well predicted) by
modek to thosethat are liwuztely handled.This program would be the main interface with State authorities and the Australian Environment Council sportsoml"greenhouse" activities. Whore appIq1I'iIlt.m:ientisls will collaborate with
others in other CSlllO Divisions. in theBureau of Meteorology Resmrch Centre. the National Climate Centre and the Ausualian Antarctic Division as wellas State instntmeritalities.StalngCunent stall’ ct‘ I Research Scientist and l
support stall will be incrmmd by 2 Research Scientists and 2 StrpportStall. This combined group would provide the hm ellnrt which would be supplemented by regional specialistspaid for by State funding.Budget‘Salary arrdon-
costs (Z RS, 2 ES) 82201130/yearOperating Sl(XJ.lX)0/yearTotal: 8320.000/year' Adtlllitxtll In these gures will be the cost of running the analyses On I mtainfrntnc Computer (Lt, the CVBER205. currently lree oi clnrge. and the
access In CSIRONET network and storage lacilitiet at reduced rates). This re-search is very dcperrdentort CSlRON'ET<type services - hence the cost will he very sensitivc to charging t-ales.Contacts: G.B. Tucket,G.l. Pcarrnan.
AB, Pittock.CABINET-IN-CONFIDENCE



Attaclttitentl-I.CABINEFIN-CONFIDENCEA3 Modelling Oceanic Processes Relevant to Climatic Change and PredictionCSIRO Division oi Atmospheric Research dc Division of OocanographyBackgroundClimatic prediction ol
global change associated with gieenhnuw gmes and other penurbers can only be undettttlicnrealistically with large male numerical models. Such  require coupled lllnuwhcric-Oontllic models,while evaluation ofocunic mechanisms
per se require a iaiige of oceanic models. Atmospheric modelling is veryadvanced in Australia but oceanic modelling is fragmented and limited. and noadeqiiate oceanic global model ex-ists within Australia Amajor eoinlltilmem is
needed loreclily this critical pp in our climatic tesearclt.RationaleA coupled mothl will result in imreasingly realistic simulations ol clintatic events by DAR, While acres It theoceanic model will permit DO to optimise their studies of
oceanic processes and irieehanlanta. The latter will inuirii materially improve the coupled model.Specic objectiveTo develop I primitive equation model ol' the global oceanic circulation for coitplirq with existing aurioataiemodels lor
climatic sutdies,and to use this ocanic model in investigations ofocunic piocmeeDeseripiion of projectThe fastest develqnrtental path would be to obtain copies of overans global ocunic inodcls and tn evaluate themlorouruse. lt
isproposed that J such models should be assessed in this way. One model would be selected andused by both D0 and DAR siitnequently. The immediate DAR application would he to incorporate the oceanicmodel into a cutpled
niockl and to use it in greenhouse and drought studies. DO would us the ooeztie model ina ‘stand skate‘ intale. Ild would apply it lo interpret their ongoing ubservatiuial midies Both Divisions woulduse their modek in investigations
appropriate to the international projects WOCE and TDC-A. Specic studieswould embrace such pheiioriierta as sea surface temperature anomalies auociated with El Nino events. boundarycurrents ete. The close eollnboratioti
between the two Divisions will ensure ilut new mechanisms arid interpreta-Lions arising horn field studies by DO are efficiently incorporated into the coupled model.TimetableThe rst 6 months would be used to evaluate the
imponed oceanic models and 0 choose one for subsequent use.The following 6 months would see the model being set-up for experimental use. Suoqeqiicntly coupled model ex-periments and oceanic experiments per se would
he conducted. Given the nniuie ol current climatic problems noupper timelrame can he set to this research.StallingTwo new rmeaich xieniists and two progi-arntners would be tequiird. One RS and I ptogamtner at DAll_l RSand l
prognmrttertil D04 For the initial 6 months model evaluation period all stall would be located at DAR.Existing DAR stall will provide the aunospheric component of the coupled model. and the interfacial eseliarigemeclirtnisins.
Existing stall’ at D0 will provide modelling stlppo. develop pommcteriuiiort of oceanic mechanismsand observatictrtal inputs.Special needsAccess to a aipeicoriipuiu and a stable iesureh eiivimiirnimt Frequent exchange oi stall
between D0 and DARIn maximise the mutual benets of the expertise of the individual Divisions.Budget‘Salaries and on-costs (2 RS and 2 progmtltmelsl SIIOXTKI per yerOperating S7l).(ttKt per yearTotal 8190.000 pct’ year plus
computing' Additional to these gures will be the cost of the models on a riiainii-ariie computer (Le. the CVBER 20$, current-ly [rec ol‘ charge, and the access to CSIRONET netwurlt and slomge facilities at reduced rates). This
research isvery dcpendenton CSlRONET~type services - hence the cost will be sensitive toeltnrging rates.Contaets:B.G.Hiiia.l.S.Godl‘reyCABINET-IN-CONFIDENCE



3., Allmlimenll.' CABINET-IN-CONFIDENCE8.] Measuremenl Programs Relevanl lo the Validation of Cllmale Change Models:l. Upgrading Atmospheric Greenhouse Gas MeasurementsCSIRO Division cl Aunusphcric
ResearchBackgroundThe DAR marnrarns pmgrarns which measure lhc mayor aunnwhcric gases impi iealed in Greenhouse warning andOzone dcslruclim. The programs are providing unique inlormalion in zvenl impunanl as-
peas. Includinggeographical access l poorly sludied bur criliul soulhcm ocean regions. Several yurs of lunding constraints havecreased a silualinn ol dared and dcrerioraring equiprnenr inadcquare for modem meaurerncru
requirunenu.RationaleWhile wnlemporary global budgels have been eslahlishod for many uaee gmes, lhese are still inlk. The predic-lion ol lurure truce gaseuncerrualions an the basis ol crurenl budgeu becomes more unoenain
looking rlead severaldecades. There is an urgenl need In evolve predieiive nrudek so than ar:-ve asurly warning olequilihria readjust-mems or posirive leerlbaclrs. The impmvemenr oi‘ cunem models is dara limiled.Objectives .(i)
Restore exising sampling methods and improve sampling lreqiauiclca.(ii) Creally reduce manpower requircmenls by uumrriarion ol rqaeriiive manual uslrs(iii) Improve rnmaurernem precision lo sage-of-an(iv) lnleraerively apply lhr:
improved rook in prediclive uace gas budgetingDescripllon(i) Cunslrucl replacemeru pump unirs and/er refurbish axiing llnils: (ii) Conwuei new flask box unils in replacebrcakages and impmve sampling lrcqueney ll lu:y sires; (iii)
Upgrade lulocarbon analyses lo include imporunlminor apecrrs 1Fll3.CH)CCl1,CCl4) : (iv)A\|ll!l\llB halorarpon and CARLE (CO1, C0, CH4) wghmmm.raraiy for nurlliple ask operalion: (v) Aulornale C0; exlmrlion process ha’ isolnpe
analyses; (vi) Crrnven C02storage vessels in reduce lraciioriauon elleelsz (vii) Replace mus specuomeier inler sysrern and conunl or replacemass speclmlneler; (viii) Markedly improve venical sampling lhroughoul live
lmpospllereTimelableThe new pump uniLs and flasks can be buill from existing design in six monlim. Acquisilion ola GCand l\ll0llll-lion of lire GC‘s plus resting will rake aboul I year. as will acquisition of new mas specuorncler
facilities. Withslafng asisaanoe most ol rhese can run concurmnlly. Wilh improved sampling and upgraded analyses, an in|en-sivc observation period of 3-S years (ar leasi I El Nine 'eycle“) is envisaged prior ro conrracrion ln much
fewerslralcgic sampling siles,SlallingAn ES for 3 years wasisr wilh nerwork upgrade and suhsequcm daia mariagcmenl upgrade In TA for 3-5 yearslur llask managerncrn and analysis.Special NeedsThe mass speclrorneler
upgrade ensures lire conlinualiun of a unique aspeclollhecurrenl program. which is provid-ing the only global inlormalion 01! "0 in cos A lully upgraded lacilily has much wider -pprimumi in pumiiun;small sample analysis on eg ice
core CO2 and rrrmosphcric Cl~lr. borh recognised as imporum sourrzsol new in-lonnalion on lhcse species,BudgetEquipment Flask program upgrade $30,000Aulomlliwl $301111New GC and NDIR 550.0(1)Mass speclmmcler
(upgrade la I975 levcll §l(X).0(XJSublclai SZlll.(XIlSalary and on-cosla (l ES, I/I TA) $60,000 per yearOperating 520.000 per yea!Tolal 880.000 per year plus S2l0.(XX) (one-ell)Corrracls: RJ. Fran<ey.PJ. FmerCABINET-IN-
CONFIDENCE



3 6 ‘ ALutclt.msn.t.E.CABIN ET- I N-CON Fl DENCE8.2 Measurement Programs Relevant to the Validation ol Climale-Change Models2. Historical Records of Greenhouse Gas Concentration From AntarcticIce-Cure
AnalysisCSIRO DiVlXlUIl oi Atmospheric Research and Austmlian Antarctic DivisionBackgroundKey factors in the understanding of the bio-geochemical cycles of greenhouse gaes are the conoentntiottt and sour~ces of these
gases in pro-industrial times. Through the Australian Antarctic Division’: ioc—co|e drilling programCSIRO scientists have access to samples oi air trapped in Antarctic ice over the past 4(1) years or more, Alreadythese have
provided excellent data of the pre-industrial aunosphcre levels of C0; and CH4‘ This in turn has as-sisted in understanding the natural variability oi Greenhouse gases. to what degree they have been inuenced
sinceindustrialization and why. The Australian ice material is second to none in its quality and suitability fur such muiies,and CSIRO and the Antarctic Divison have pioneered techniques lor the extraction std meutueanent of such
l.ll~cient gas samples. Sever funding restrictions in rocent times have bmttgltl this resareh to a halt.RationaleHigh precision measurements or greenhouse gases in the global atntosphnre have been carried out over the lastdomde.
An accurate determination of the concentntions of the gases in the past is invaluable In the uttdastantlingof their budgets, and will auis in the evaluation of their contribution to the greenhouse warming. Proven extrac-tinn and
measurement techniques tor air trapped in Antarctic ice have been developed in recent years‘ This proposalis lctr the application oi these techniques to greenhouse gas studies.ObjectiveEstablish the biogeoehemiuai cycles of the
major greenhouse gases so as to understand the causes or’ increases anddevelop reliable predictive capability.DescriptionUtilize the new ice-core air analysis techniques tor the measurement of the isotopic composition and
concentnttionsof greenhouse gases (C01. N20. C H41 and other gases related to the ozone depletion issue (CF’Cs. CC!-t). Attemptswill be madc to gct the history oi ozone and selected hydrocarbons to build I cled understanding
of the chemicalstate of the aunosphcrc and how this has evolved dunng ‘tndttstrializittiott.Stain gDAR scientists involved ill lhis project Wnttld he LE. Galbally. RJ. Francey_P.J.Ft1wer Itld G.l. Peannan. Thesescientism pmvide
complementary background to the major greenhouse-gas issues. while a new RS is required totake prirne carriage of the icecort program. Antarctic Division stailinvnlved would he V.l. Morgan‘ D.M. Etheritigeand T.M.
Iaclu.BudgetSalary and on-cost (I RS) $6ll.00(l per yurEquipment costs (one oil’) $20,000Operating costs $25,001! per yearTomi 385.000 per year plus $20,000 (onc oil)Contact: G.l. PearrnnrtCABINET-IN-CONFIDENCE .



39 ' - Attulttttsnti.' CA§lNET-IBI-CQ|§|F|DENCE _ _C.l The Rule of Southem emtsphere ceans n alt ng up Carbon Dtoxtde:Physics. Chemistry and Ocean Productivity.CSIRO Division olAtrncs|1hr:ric Rescamh_ Division of
(keanognphy Jt Division oI'Fi.1hcriesBackgroundPrimary productivity in t.lte tttrlace waters of the oceans scavenge: carhon dioxide (C01) ltorn the air and incor-porates it into plant ntatcrial that ts grazed and sinks into the ocean
depths. ln this way the sediments ate a prin-cipal nteclnnistn lor the tunovll of atmowheric C01 and hence play a vital role in dctertnining the me at whichfossil fuel C0: accumulates in the aunowhere and the development ofthc
Gteonhotse Effect.RationaleStttdiu at CSIRO suggest tint major global sinks of atmospheric C02 occur in the region of the Subtropical Cott-vergence In the south 0l'Attstralia ant in the Antarctic Cnnvergatoe in the Southern ®eIt.
The Illlll llleelnttismsinvolved arc not understood so that exiging models of the global carbon cycle are ttot tnechanistic and therefore in-capable oi aocounting lot the possible effects that Greenhouse-induced cllmue clung: might
have on the elloctivr,ncss ol this sink in thc luttne.Specic ObjectiveTo desrribe the interaction oi biological and physical pmoesses in the determitution of the oceanic sink arength litattntwheric CO: in the nouns to the south of
Australia Itd establish the ntctltodologits for the ongoing monitor-ing oiulient leaturu ct the region.Description of ProjectThe work will intcgtate oceanic C0: tncasttrements with the use of satellite imagery to determine the spttinl
andtemporal extant el the major sinks ol C01 in the Australia regiont Equipment deployed on Attnnlian research vevsels ("FnIitliIt" llltl 'Sottlhcm Surveyor". as well as Antarctic Division veaels "|cellini" and ‘Aurora Atrstnlif)will allow
the moasttremtrnt nit-tC01 levels in Ausuttlasian waters. The data lrom ship sampling will be comparedwith that lrotn the Coastal Zonc Color Scanner t(ZCS) on the NIMBUS-7 spacecnlt.Tltcsr: techniques will allow thc rst high
tcsolutictn look at tltc productivity antl glottal signilimnce of the wttlcrsof the Australasian region. and establish techniques for the extnpolation of ntintales ltotn the small to the rcgiotutland zonal spar.-c scales. The latte: is a
ttmttatnetttal problem in several elds of global environmental science.TimetableFirst ymt-. build and itnplcntcnt underway sampling system. Set up CZCS data hase. Years two to ve: collect C0;data lrorn ships at sea analyse LICS
data base. commence the modelling ellort. Beyond year three: receiveSeaWlFS data data (l99l launch) and begin studies on the inlerannttal variability of atrnospheric C01. oceanict>C01 and productivity.Stalling'l"lte following will
be required: DO: One RS and assistant to set up and analyse underway sampling data. DF: Twotechnicians to analyse satellite data and produce routine data products.Budgetinitial: three underway systems @ S80!!!)
S140.l'XKllaser disk archive system SZU.UUU (lolal initial = S260.lXI))Ongoing: salary and uncosts RS plus TO (D0) 590.000 pet yeartwo technicians (DF) 370.000 per yearannual tnaintcrtanoe $40,000 pct year (includes tcscnrch
ve\-cl charges)Total SIIXIIKY) pcryt-1|! 4- S2601“! tone-oil’)Contacts: G.P. Ht\rris,G.l. Pcannttn, D. MaclteyCABINET-IN-CONFIDENCE



40 - Attartlttttstttj.‘ CABINET-IN-CONFIDENCEC.2 Measuring Thermal Structure and Sea Level for Climate Studlu_ cstao Division olQcm|t0gr\pltyBackgroundOeean models are an essential component of rnorlcm methods ol
predicting clilnatc change. due to the GreeltlnttseEllect or other raises. Ocean rlala are needed to docurncnt changes in the occur. and to verily the models. Thisproposal aims to provide time grits ol data over several yuls‘ in the
broad ocean areas arutrlld Australia. It willextend the present DO sutdies of thc El Nino Southern Oscillation (ENSO) plleltolnenoll to higher latitudes wherethe Greenhouse wsrrning is expected to be greater.RationaleSpecial
tochrtiqttesare required tnobutin long-term. large-area ocean observations. Our experience in EN50 studiessuggests that llte nlosteosl- ellective method combines data lrotn a mix of melehaltdtip ohaervatiom. island tidegauges.
satellite data. drilting buoys and moorings.ObjectivesTa obtain a decade-lortg time series olocean data around Australia. (i) tndoctrmenl ehanges in sea level and tia-mal srucuue. and (ii) tn vclily models which predict lltecllanges.
Most importntlly. sea surface temper-atrtre needsto be modelled tn order tn predictclimate.Description ul‘ ProjectThe rst type of observation user expendable probes (XHTs) dropped lrom merchant ships under way. tltat
measureternperaturc proles in the top 700 metres. They are now routirvcly used on silt transequatorial shipping routes northol Australia. ll is proposed tn strengthen this network and extend it to higher-latitude routes. Second‘ tide
gaugesan: maintained at ten island sites around Australia; it is [IDp0S€d toextend and strengthen this network Third, toextend data covuage to regions that are not covered by merchant ships or islands. satellite musurclnerus
olsulevel Ild SST will be obtained [mm NASA ltd talibrlnds Finally, the western equatorial Pxic is I region ofgreat importance lnr global climate. and usual (extra-eqtraloriall meantrement ntetltods tweak down. Ctrnent
metermoorings are proposed nonltol Papu: New Guinea The data will be compared to results llnln ocean models.drivenby oowved winds and heat uxes.Tirllela hleTo velil y models of climate change. a data set covering about ten
years is needed so that a variety cl’ year-to-yearvariations are sampled as well as mean seasonal conditions. Experience with our study of ENSO suggests tlut therst meanlnglul comparisons ol observations and models will occur
alter about ve years.StaingPresent stall are as [allowsXBT work: Dr Meyers 4» Z5 sea lcvel wads: Dr Godfrey v l.5 equatorial mooring work:DrLilt|lstmtIl s I ntcllitc altimeter Work: DlChttldlOM additional Elperilltuttal Scientist is
needed lot XBT. :2 lcvel and mooring tvbt.Special NeedsTlle data must he Collected regularly. witltout major gaps: there is therclore a need for assured lunditlg, over theproposed tcll-year time scale ol lltc project. At present. ear
ENSO study (costing 3320,!!!)/year) is lnailtlailled byan inamule mi: ol lttrtds from a variety ofsoulces. Out’ budget ltclpw llSSlllI\lS that landing from Austntliall RcscuchCouncil (one sirlthol the total) will not be avallahle due tn
restrilztrttns on applications lmrn CSlR0l ltalso assumesthat all the XBT deck units, sea level gauges and current meters used in the ENSO study will have to be replaced.BudgetSalaries for one additional stallX
BTslnstnrrnentsMaintenanceTotal340.000590.000370.0(1)$40.11!)S l70.(ll)pcr yearpct ycarpct ymrper ya: + S70,G (olle oil‘)ContaccG.MeycrsCABINET-IN-CONFIDENCE



' 4 1 Altatlltn:tt.t.E.' ' CABINET -IN-CONFIDENCEC.) The Role of the Southern and South Pacic Oceans in Climate ChangeCSIRO Divi\ion ofOt:urtogmrthy dz Au<tra|i:tn Antarctic DivtxionBackgroundClimate change due to the
Greenhouse Elfeet in the southcm hemtepherc is expected to be diflerent to that in thennnhcm ltcrnixphcre because the soutlmm oceans arc so large. This discovery, which wls made with itkllilzdocuttletntoqiltere models.
highlights the importance 0|’ the southern hemisphere oceans to the world climate.Models used to pwodietclintate change will have to include oceanic pfottcrses such as the poleward transport of hmtby the oceans. the Antarctic
Circurnpolar Current and the formation ol water masses that carry heat [torn the sut-face layer into the ocean interior.Rationaleln the South Pacic, adeartll ofappropriate observations has prevented auctnte minute: ofthe
tltagnitucle ofthepoleward heat transported by the ocean, and ofcstimetes of its seasonal and interannttal varidailityi A key to debr-mining the ntagniuide ol'th‘o heat llux is tndemanding the umsport olthe Ea! Atotnlim Current
Waternmsesthntcarryheatandgasesaway lrorn tltesutfaee layerartd intmleooeartinteriorarelor-rrredrtt:rtheAntarc|icCu.eurnpolur Current. Recent model results illustrate the importance of the Antarctic Circtunpolar Currwtt for
climateprodiction. its uunsport is heat estirnnted where the wnal ow iscortstnined by botutdaries; e.|. sotllt of Tasmania.ObjectivesTo dctcnninc (I) the transport of the Ea<t Australian Current and hence the poleward transport ol‘
heat in the SouthPaeilic, (1) tlte transport olthe Antarctic Circumpohr Current south ol‘ Ta:rnartia,and (3) the rates at which watermuses form in the Southcnt Ocean. These objective: can he rulittically nchieved now hocatm olthe
develop-ntcnt oi new technology and the existence 0! the World Ocean Circulation Experiment (WOCE) which will providemuch supporting data.Description of projectTo determine the uansport ol the DSlAll!illa1l\ Current. we plan
a series of hydrographie sections in the westernSouth Pacic Ocean. using modem oceanographic equipment aboard CSllt0‘s oceanographic munch veuel"Fn|\ltlin'. To interpret the shipboard Ol7(¢l"lIli0fB adt=t|uateIy.ltwilll1e
necesary tocollect data with mwrod mp.mnt»n\ctcr§. satellitetraeked drillers. and satellite altitnems (which measure st:-surlace height). Detailed ohm.vations are required for I nunimunt period of two years followed by a longer
period of monitoring. To estimate thepoleward hut ttxcs. these 0l>mrvati0tt< will be combined with transPacil'tc sections till will be Completed torWOCE. To dctemtinc the transport of the Antarctic Circumpolar Current, an annual
section between Tasmlttil andAntarctica is proposed with Antatctic Division logistic nipport. Over the long<terrn. tltc trantpon would he mannedusing pressure gauges, which we plan to deploy in collaboration with invesligltors front
the United States. Thursections. and proct-.=s-oriented suttlies. will be used to est: mate ltx:al rates of ionnation ol the celttrltl waters ol themain thennoeline,TimetableA nan On this project will be made in l9ll9 with (W0 cruises
0l'RV Fnnllin. The main [are ol the South Pggiftgworlt would begin with the launching of the TDPEX/POSEIDON sttcllilc in I991. Tltc Sottthcnt Ocean sectionwould begin soon alter the delivery ol the new Antarctic vessel and
would he contiued for ve years.Slaing and BudgetThe magnitude of the work required to be cnmplt-ted and the necessity to uce satellite altimcterdnta (a new initia-tive for CSIROJ will require one additional research scientist and
one assistant Average annual costs are:Snlnry and on-cos1s(l RS, l TA) 585,000Satellite-trucked drillers S70l0Mooring equipment and rrtainteruncc $40,000Sea-going expenses $8011!)Computing costs 325.000Total: 8300.000
per yur (phasing in oi’ this program is noceuary)Contacts: LA. Church. GR‘ Cresswell, EJ.LinMrornCABINET-IN-CONFIDENCE



_ 42 Almhmenll.“ CABINET-IN-CONFIDENCEC.4 Bueline sea level moniloring nation; and n national sen level hcilily(Pemunem Comminee m 11¢: and Mean Sen level)BackgroundSea level mouil0rin| has n nujor role I0 plly in
undersuming me rout wean umoq>l-are environmem. ll mun!!-mall tile: ll! pmpuay -=|=n=u the lneuured level: can he molt lepltiqlllive ollbe legionnl wel|'lo|'|'q1lIy um.other more variable pnruneters. aid: u couul lernpennne md  ‘nae
redzmlogy required n: 1 Inn;-leanrncniloring puny-rrn k very rnudm when compared will: the cost of 011:1 moniroring rynenu.RllioluleSealeveldamgcsmmvnpunvuaelelofpvomaa
Tolcsolvedimgadrelnirlvidunlfnnlomplnlcanlllylhonwhqn:luk&Eh\hnhw;hlhmdupanimdzoean&:m:peuin|m:'na.lug|dno¢imuurh1n|eood|ln|eq:hedwhere|lighdegneofdlwnili7hmnlnuln1 lnnii'Ii\'|:ili:Inu5-
nrylnunknnaeluofdeklmiinglbduenenkveldnngebyékhldllhgnnkvdvlhulflnmllllmhsldeme,Objectiveqr: eanblidn - l mi: ohhe an ‘wper monitoring anions: approprim lite: nromd lhecounny mu:-ve Iuelin: luliom for the mining monitoring
network nnd provide high ncqincy lu level Ind geodetic lekleweles.escription 'runzrnlionreqnirunennmeauuinllydesiped
foreueolmaiznuunoernddmeolleaionundlopnvvidesysiandupliunonweoverlhewhnlebeqnmcynngcnndlopmviaebnanp. T‘bep|vpoulwnnldbeIornpres-nu: sensor. vernal to lb: ionosphere. orninlhrryaen: lomvalhe hip hequenq sipul and
nnditional oorBillingwdliuworlumveililelnwequencytipnl. DlnIvillbedi;iullyloued.bolhcl¢<!Iucially(='lh:rlolidsue memory urnupielic ape) Ind mednnially (using pinched paperupe). The dau will he lelernuemd routine-ly vi: mellive or
mlephone m me Niliounl Tidal Dnu Bx‘TlnllionswlllbemnnemedloIheAnsn-llinnHeijalDnn|mlryl|iQ|pr\:c~L:ionleveI1in||!|.1lonuniveIs|l|el€:uI:eIynetn using OPS Ind V13] tdmohgy. Willi this Ind repeated absolute gravity |neuu|\:|\enI:
lboolule munic-menu ulna-level dung: will llrn be achievable‘ An approprine level ofrtsoumes Ind persomel will be requiredfor rruinzenance. veniul dzmrn control‘ and calibrnion.oudgelApproximately saoo.ooo in capiul equipmil And
irmumm. and - recurring expenditure ¢rsxss.ooo lnnulllyfor mnlnrenmue. dnu lzlelnelry md operuion ul nae elm base.'u.l oosl of letting up 8 bueline sen level smions, @ $l00.000 per nation $800,011!lm... was for local operation.
maintenance. re-mrvey and calibnrion nls .|I||.ions Sl36.000lyrDalabase nninlcnance (salary I operating) 3511,0000!Totll S|86,000/yr 4* $500,000 (it DH)Cnnu|a:G.HolmesCABINET-IN-CONFIDENCE



43 Atiasliinsiiti." CABINET-IN-CONFIDENCED.l Biospheric Inputs to Atmospheric General Circulation nnd ClimatePrediction ModelsCSIRO Division of Wildlife A Ecology, DlVl\lOl‘i ol Atrriosphcrtc ResctintllCcnuc for Environmcrital
Mccliariics. Division oi Wntcr ResourcesBackgroundThe exchange of heat and wsicr vapour between the atmosphere and the hioiqiliere (soil and vegetation) exerts smajor inuence on climate. ln tum. the biosphere is modied by
Icing-term climate changes. particularly in tempera-iuie. solar radiation. rainfall and C01 concentration. GCMs currently used in Ausinlin have little or no repre-seniailori of ilie biosphere and ilii: biosphere-clirriate interaction, while
some biosphere schemes in use overseas arequite complicated but not necessarily rulistic.RationaleA biosphere model at even the criidest level IIIIISI include both physics (heat and rims uuisler betweeri the surfaceand llie
sinttsplicre) rid biology (stornaial behaviour and plant growth). Both typesofprooess mirst he representedin s qrntially-sversgod wry for each OCM grid cell (typically 250x250 lrrn), ulririg intinecount iherangeof rur~[see types within
the oell. Alpresenl there is no work undcrwuy in Austnlinorillt Inokllingolbiospllere-clirrtlleintcmction for incorporirtiori in GCMs.Specic Objectives(ll To develop a l*lySiCll|l)' and biologically sound biosphere iriodcl. suitnblc lor use in
GCMs. arid incorporatingaerodynamic roughness. albedo. evaixxnnspimtiori and primary productivity:(1) Tu ltSt the response rind sensitivity of the GCM climate predicliorls to biosphcric parameters. taking into le-count
biosphcreclimru: lecdbaclu.Description of ProjectThis would operate on two siiriultaricous. interacting tniclts associated with the two objectives. and centred ;tCEMInd DAR while DWE plays 1 key role in the biological research.
The rst track will irrcupnmle praeil knowledgeinto a suitably compi-cherrsive biosphere model. accounting where ipprnprigtt for the need tor grid-scale averag-llrg ofxtirfne properties. m zpprmch will involve collation oi scicntie
illlotlltion, progressive devtllirlcllloi’ ll detailed biosphere model incorporating biological control of surface exchange lluxes, and the ellocls ol in‘horriogeneity arid local sdvection within grid cells. Evaluation of this model against
existing "ground truth‘ tlauwill be necessary. The second inick will test the sensitivity and response ul’ selected GCM climnte predictions inthe nature oi’ the biosphere irvodel and pammclers. beginning with a rcliitively simple. but
realistic. scheme incor-porrting biological eoniml on evaporation at the surlrice (even this would be I substantial improvement on currentGCM rise). At an early stage. an sssessrricnt of overseas GCM biospheric systems will be
necessary.TimetableThe project as presently plariried would require a minimum of] yea with a poxible extcntion rod. The tracks nrnconcurrently snd with substantial intcmiiori between all three Div isiom.SlaflingTwo 3-year RS
positions (one based iii DWE. one ll CEM).ear;h interacting with available expertise (Raiipoeh. l-‘in-nigan ll CEM;Dii1'|in, Passiourn ll DPI; Garnatt. Hunt at DAR: Firrquhzirat ANU; Gmcll ill DWE; Klrna ill DWR].Special
NeedsAccess to ii superuonipiitcr and a GCM is vital.BudgetSirllry ma on-costs (2 RS) $ l 20.000 pcr year s storm one-oil’ [0§L<Opcniiing S50.(Itltl pcr ycarTotal: $l70.('l1l per year 4 $60.01!? one-o(phasing in of this pmgnrrri is
necessaryCorilacls:R.D.Graclz.l.R.GI'r\t1. M. Raupach. 1-D‘ KalinaCABINET-IN-CONFIDENCE



~ CABtNEl":lN-CONFIDENCE “"“““"'“‘DJ Climate Chlltge Ind Water Use EfelencyCSIRD Ccntrc for Environmental Mechanics, Divisinn oi’ Plant industry.ANU Rescureh School of Biological SciencesBackgroundPerceived climate
changes tneludc mtasured temperatures. nltcrod humidity levels, and increased atmospheric CO1cortcentnuons. All will ullect plllltl pmducuvity: the rst two through direct ellects on evaporation tale (and in-diroct ellocts on plant
physiology): the Lest through cllects on both evapomion and plant photosynthetic retest Thenet effect on plunt productivity can be rntasurcd in Icnns of watcr use cllieiency - the water used per tutit oi pluntmaterial
produced.RationaleThere love been several reoentnuemptstn meastn: the wateruse el’l'tciency in ertclostzesenriched with (Oz. RecentWort by its lad toplrldoxial results suggening thl grut circumspoction Wu needed in attributing
thettsrvodtlillet-ettoes in elliciency tn tlte increased C02. This project socks to examine CO1 tptnke and water toe in whatuttderedjacutt Iieltlantiettclasure conditions lt will pnyproperuttentionto howtheemnsive whcauopmodifteeits
utvirontt-tent including ativective effectsObjeellvesTu cut-ttpere eld and enclosure |IlC3.\lJ=II\CI!l.\ 0! water me elticicncy under realistic Field conditions of edvectionInd produced modllitztiuns ol the environment.DescriptionThe
project will be cnnducletl in collaboration with the Research School of Biologieul Sciences ANU who luve ex-tcnsivc eltpcrtise on theenelnsure technique. The tank will be to measure the wutu toe efliciertcy oltlte wheat cropunder
natural conditions. rlisentangling the relllive contributions of transpiration and soil evuporatiut, Ind makingproper allowance for the sdvective changes und the plant modiftcatiort of its crtvirornnent (both spatially end tun-ponlly).Ti
metnhleThe eld work will be ctmdticltd in conjunction with apint CENLRSBS Wheat Bnurtl funded project examiningwetcrand ellicicney sttnly olrelattve evaporution liom soil vs tntnspintion by tltc cmp. lt will involve
simullztneousobservations at photosyitthests and water use by the eddy correlation method and cnelnsut-es. The eld phase wouldbe the summer of I989 with the proceeding year used for preparation 0|’ instntmenlutiunlsoltware
untl theory lmlthe subsequent y<ar(s) devoted to data analysis and publication. The expected results will be u denitive slllemenlis to wltcthcr the results cl the enclosures with enhanced C0: to provide | ieslistic prediction of water
use elftcicn‘cy 0|’ I mapr world crop. The pmjoct will ulso involve the revival nl the world standard experimental tesarch ntDPI into physiological aspects of C0;-water use ellic icny relationships.Slllling2 post-doctoral lellows tor C02
ineasurements. programming and dili analysis one each at CEM and DPI.Special NeedsHigh speed C0; sensor(the Division is acquiring one with lmtitute support and u second upgmdal version will berequired for this
projcu),Budget Costs2 Post-doctotul lellows for three years(itwlttding sttpctlnd Opctiling COSISJ S8O,lKXl pcr ycilUpgraded lllslCO1 sensor S5U.l)ll(lTravel and field equipment Séllllll pct year plus SilllllllTotal: Sl3U_llK) pet yea!
plus SllXl.0lK) (onc ofl)Conuct: orr. Denmcad. RM. GillordC/\B|NET-IN-CON HDENCE



Attanltrrtentj.- CABINET-IN-CONFIDENCEDJ Satellite Monitoring of Australian Region Climate ChangeCSIRO Dtvtston of Au-nuspltertc Research. Division o(Wilr.llife A EcologyBackgroundA major and lundztntcltktl corrtponcnt of
the intcmatinnal cllttrt on climate cortccms gathering dam on the nrettmttsuue of the tI.h-t!l|IlDSphCr¢- occan systems to an cttcnt and uucumcy sufficient not only to detect change but alsoto me as input and verication for climate
forecasting mmi The stat: must be dened in terms of surflcepommclers which are oi direct relevance to human affairs (biological activity, frequency oi signicant weatherevents, temperature. land condition etc etc) as well as those
parameters primarily of concern ior verification of themodelling of etrnoqtreric processes (cloud cover, aerosols and ovenll system dynamics),RntiunttleThe mtistics nfsurfece variability are such tltat an gertcnl rule the only feasible
method of obtaining sufficient-ly accurate and ccmtprehottsivc data on climate is via remote sensing from satellites. The corrwttnlion must be onoperational satellites since tlte need is for long-temt monltorirrl of change. lt is
neoemry well (sime the inter-nitiortli effort has ilsowrt priorities) tooontncntnte on thosecllntate variables - and on space and time scales - whicharc of particular concern to Australia.Specic ObjectiveTo provide operational
tmhniqucs and dorntnstratiort data sets for monitoring clintlle variahlcs for the Australasianregion from operatiortal meteorological satellites 1‘hc rst major milestone will be the produer.iorrofadcmorutn-lion 'lllas' oiutcllite-derived
pmduct for one year irt I99 I -924 To (re)||tlp Attstrllilrr hndscqtcs into units lhatlnhotnogerteous with respect to lcrodynamic roughnes. levett and seasonal dynamics of albedo. evnpotranspirstlonand primary productivityDescription
of ProjectThc baaisof the pmjecthas been laid over the put ve ycars by the tieveloprncntofthe satellite reception Ind tillanalysis facilities at DAR. DO and DWE. Those panrneters which can be monitored. or can potentially
hemonitored. by mctoorologiutl satellites have been identified. Work rm begun on the coherent develonrnent of tecl»nitrucs and algorithms for monitoring such things as: suliace lcmpcr:1ure(both land and ocean): vegetxiut
itldioesof various types: frequency of f rost and log: surface moisture; rainfall; cloud cover. frequency and extent of forestres: surface albedo: aunospheric dust and aerosol; ere etc. A rnajur component of the work will he the
develop-ment of wthrtiqtns for the Iutnmatic assembly and eompositing of the ultimate drtta product.TimetableTechnique and Algorithm Development l§9- I99]Upgrading of Computing Facility fur automatic data assembly l990-
l99lDemottstrtrlion 'Atlis' I99]-I992Transference of techniques to operational status l992<StaffingEight DAR and DWE research and experimental scientists ere currcntly involved in thc project on e part-time ‘uavailable’ basis.
(Surf? lmrn DO are also actively involved). Their activity is severely iimited not only by time butalso by the lsclt of experienced programmers capable of professional installation of algorithms and software in-frastntcture on the csuu
sotcllitc reccplirrrr ttntt unulysis systrm. Thc mtntmnm rcqtlircmcnt it for t cx[tcrirncn-tal scientist to be fully devoted to system implementation at DAR and an ES ttnd TD tn work with existing I(‘§¢(|lstall at DWE.BudgetSalaries and
oncmls (Z ES, l TO) SllfllllllOpcrtttiltg S5S.CK)t)Clpilal equipment requircment (I989-9|) Sl50.(lJ0Total S I 7S.X)Contact: G.W Pttlu-idge. R.D. Gmetzpcr yearpct ycarpcr year + SISOIXX) (one-oil’)CABINET-IN-CONFIDENCE



46- Ana:lun:nt.lI.‘ ' CABINET-lN-CONFIDENCE0.4 Implications of Climate Change for Ground Water Recharge. Rainfalland TemperatureCSIRO Division 0|‘ Water ResourcesBackgroundClllltg in rainfall, l¢lI\DCl8l\lN and CO1 will
have signicant impacts on all upectcycle. llttbed. models prmlictthat on average over the Eanh. precipitation will incrraw by about lU%. However, such changes: will he extreme-ly regional. Combined with temperature ellecls on
evaporation, lhc available walor in stream runoll, ground storageor soil moisture will be very regionally dependant and nl great economic and environmenlal importance.RationaleIt is likely that quilt s1nlll changes in any of the
climatic parameters mentioned above will have quill: large clluclson, for exunple,gro\|tdwa1u recharge or surface runolT. Whilc the predictions of climatic change on a regiomlbasis are yelpoorly developed. we need In devclopa
predictive capacity lomess hydmlogic inipncu of mechan-gas, when regional climate change models become available. The water moume industry is a niulli hillion dollarenterprise (cg MMBW sales are approximately SIB per
annurn). As this industry has km; planning lead tints,early uaewneni ol‘ the wnlu resource implications of climatic change In essential. Ar an example of ihe prmlbleeffect oi I change in rainfall. arly work by ua has suggested that a
lO% decrease in rainfall may lead In a reduc-tion in poundwaler rechzge ol up lo 50%. Work by Anon has suggested that increasing C01 ooncenlmiionl maycausea considerable increase in stream mnolliSpecic ObjectivesTo
develop techniques which can be used tn estimate the impact of a ntnge of possible clirnntic scenarios ongmlmdwllu recharge and related processes. We will also use taxonomic techniques developed In the Division loexaminc
the hydmlogic response of catchmulls. The mclhodulogy enables 'hydrt7l0glc noise" In be rndtlzad andallows uena in onichrneni ninoll‘ to be studied. Any changed lrunds in such runoff will signal theonsetollhe cl’-lecla of climatic
changeDescription of ProjectA niechaniatic model which lakes soil-plant-nimosphcrc interaction: into account. ill.‘ been pariinlly developed.This will be used lo simulate lhc effects on gmundwalnr recharge nl pomible changes in
clirnatk pnmntclcrs.In the taxonomic wo1l:.long term (approx. lillycarsl rainfall and lemperattue records will be analysed for cnnsis-Icni pdtlernsand trends. Plum the data a number oiindices will be developed and pnuems in these
in time Ind xpmewill he evaluated.Techniques for this application of numerical taxonomy are cunenily being developed using dam from the HunterValley in NSW.SlaingPresent stall‘:BndyCookGoorlxpeedShannaTimetableThe
present Hunlcr Valley Wfk will mach publication nag: in 3 months. A further 2 years will be required Inu-lznd the research Australia wide‘ The recharge component should run for 2-3 years.BudgetSllaricsandun-C055 lRS.ZTA)
Sl20.0(X) per yearOperating S501"!!! per yearTotal: $l'l0.000 pcr year(39%)(50%)(20%)(50%)c0IlllC11GrB. AllisonCABINET-IN-CONFIDENCE



CABINET-|N-CONHDENCE47 ATTACHMENT GCONSULTATIONThe following are the full comments from agencies consulted:Attorney-General's Department1. The Attorney-General's Department supports theSubmission.
International action on climate change isassuming greater scientific, political and legalimportance.2. The Attorney—General's Department notes that someinternational attention in the climate change field isbeing, and will be,
devoted to the development of newlegal instruments. These instruments will provide auseful focus for the development of international law ontransboundary pollution and the development ofatmosphere law at large. In this
context, private andpublic law liability questions and the settlement ofinternational disputes are important matters. TheAttorney—General's Department has a policy role inconnection with such matters. It consequently has arole in
the proposed Commonwealth Inte r—agency Committeeand also in connection with national and internationalmeetings where such matters are considered.Australian Science and Technology Council3. ASTEC supports the thrust
of the Submission. Inparticular ASTEC supports the proposed changes to therole of the National Greenhouse Advisory Conunittee. Asthe Council advised in its earlier co-ordinationcomment, the research grants program must be
planned toensure that priority areas receive attention and thatresources are used effectively.4. While acknowledging the need for flexibility inresponding to the climate change issue, ASTEC considersthat a forward commitment to
1991/92 is necessary tosupport the enhanced climate modelling work of CSIRO andthe Bureau of Meteorology. Both organisations will beseeking to attract high-calibre climatologists andcomputer experts Eran abroad, for which
an assurance oflonger-term funding will be required.Department of Community Services and Health5. The Department of Community Services and Health has noco-ordination comment to propose and supports
thesubmission.Department of Defence6. The Department of Defence agrees with therecommendations. The strategy set out in Attachment Dis supported, noting that research should place emphasison prediction and
measurement of greenhouse climatechange and its effects in the Australian region and notCABINET-IN-CONFIDENCE



CABINET-|N-CONHDENCE4a ATTACHMENT cduplicate research being done elsewhere. Australiashould participate in international research and otheractivities to the extent necessary to sustainAustralia's influence in the
development ofinternational policies and strategies. Australia wouldbe expected to contribute to world research also whereit had unique research capabilities.partment of Employment, Education and TraininqThe Department of
Employment, Education and Trainingbelieves that the Government should make a strongcommitment to addressing the greenhouse issue bothnationally and internationally and that this commitmentshould be backed by an active
research program focusedon Australian interests-The level of funding should be considered in the contextof other requests for funding for science andtechnology. Any new funding scheme should be developedin concert with
existing granting schemes in DPIE andthe ARC.tlent of FinanceFinance questions the need to consider all aspects ofthe proposed strategy at this juncture. There could bemerit in concentrating on the core research issues
(withCSIRO having the main role) for now with a view toestablishing firmly the extent of any climate problembefore entering too far into the development of long-term administrative arrangements and policy solutionswhich may not
be well directed.It would seem appropriate that funds for the researchrequirements be examined against other new spendingproposals outlined in the accompanying Submission onscience funding (CS 6352) and the various
associatedcurrent reviews on science and technology. This couldbe handled in the 1989-90 Budget context.Other aspects of the proposed strategy, such as DASETT'sinvolvement in international forums, promoting
communityawareness etc, could be regarded (at least for thepresent) as activities for funding from within existingportfolio resources according to priorities.partment of Foreign Affairs and TradeThe Department of Foreign Affairs
and Trade supports thegeneral thrust of this Submission, recognising that theconsequences of the greenhouse effect will have asignificant impact on Australia's strategic, economic,social and political interests both at home and
abroad.A co-ordinated and informed response to climate changeis therefore vital to the preservation of Australia'seconomic strength, security and values. The Departmentof Foreign Affairs and Trade therefore supports
theproposals for additional and co—ordinated research andpolicy development contained in the Submission. Weshould also wish to make the follcwling points:CABINET-IN-CONFIDENCE



* ' ' CABINET-IN-CON FIDENCE4 9 ATTACHMENT GThe Submission deals with issues surrounding theGreenhouse Effect which go beyond Australiandomestic concerns and which are also the subject ofSubmission number
6255 on International EnvironmentIssues. Elements of the Submission's subject matterare relevant to DFAT's portfolio responsibilitiesfor international relations, international tradepolicy, international negotiations and its centralrole
in relation to treaties. The Submission alsocontains funding proposals for internationalorganisations and activities which may affectAIDAB‘s responsibility for overall co-ordination ofinternational development assistance
allocations.We therefore consider that care will need to betaken to ensure that there is no duplication betweenthe proposals in this Submission and those inSubmission number 6255.Most notably, the responsibilities of
proposed"Commonwealth Inter-Agency Committee", convened byDASETT which would, inter alia, "assumeresponsibility for co-ordinating Australia's inputinto the WMO—UNEP Intergovernmental lhnel on ClimateChange (IPCC)'
need to be defined more clearly todistinguish them from those of the"Interdepartmental Committee to develop positions oninternational environmental issues" proposed inSubmission number 6255. It should be made clearthat the
Inter-Agency Committee proposed in thisSubmission will be responsible for Greenhouseissues: the Interdepartmental Committee proposed inSubmmission number 6255 would be concerned with thebroad range of international
environmental issues(eg. sustainable development, hazardous wastes,pollution, deforestation, desertification,biodiversity, negotiation of legal instrumentsincluding on climate change and protection of theatmosphere, etc).The
Submission also contains proposals for fundingunder DASETT co-ordination to enable Australia toactively participate in the developing ofinternational activities, including through thesecondment of experts to relevant
intergovernmentalorganisations. It should be noted that theseproposals are additional to the proposals inSubmission number 6255.DFAT is concerned about the way in which theSubmission deals with the economic and
tradeimplications of the greenhouse effect, notably inparagraph 5 of the media strategy outline(Attachment A, Appendix 1) which seeks to downplaythese aspects in Ministers‘ responses to questionson the issue. While there may
be a valid point tobe made about the domestic sensitivities involved,we feel that the economic and trade implications ofthe greenhouse effect are so significant that theymust be faced squarely. Industry groups and
sectorsCABINET-IN-CONFIDENCE



CABINET-IN-CONFIDENCE50 ATTACHMENT Gof the community who are likely to be most affectedare well aware of the implications. Unless theGovernment is seen to address these issues in arealistic manner, it would quickly
draw criticismfrom these groups. In our view, the trade andeconomic consequences of the greenhouse effect havethe potential seriously to affect the quality oflife of all Australians.. We are also concerned that references in the
mediastrategy could be more carefully crafted. Forexample, in Attachment A paragraph 5, page 10, thetwo first dot points, may draw the response thatAustralia is the world's largest exporter of coal.Department of Immigration,
Local Government andEthnic AffairsThe Department of Immigration, Local Government andEthnic Affairs supports the general thrust of theSubmission.Local Government, because of its responsibilities forplanning, approval and
provision of local infrastructureand development, including housing, has a concern thatits decisions, fran an amenity and liabilityperspective, are able to take into account changingenvironmental conditions such as those possible
throughthe greenhouse effect.DILGEA would want the proposed National GreenhouseAdvisory Committee, and any proposed research program,to also address the implications for Local Governmentplanning, infrastructure
provision and developmentapproval processes.Department of Primary Industries and EnergyThe Department of Primary Industries and Energy supportsthe broad thrust of the 5ubmission's recommendations-It notes that DPIE
has responsibility for significantaspects of greenhouse research and majorresponsibilities for the development of policy responseson limiting the causes of greenhouse emissions andadjusting to the impacts of greenhouse
induced changes.However, DPIE staffing and financial resourcerequirements to meet the heavy workload inherent in thesubmission's proposals are not addressed.with respect to research, DPIE is involved through thework of the
Bureau of Rural Resources (ERR) and MineralResources (BMR) on climate modelling (eg. the role ofBMR in researching the historical concentrations ofgreenhouse gases) and the work of ERR, rural industryresearch councils
and the National Energy ResearchDevelopment and Demonstration Council in the areas ofcauses and impacts of greenhouse.DPIE's responsibilities with respect to energyproduction, consumption and trade,
agriculturalproduction and trade, and forestry are key areas forCABINET-IN-CONFIDENCE



l9.Prime20.. 21.22.I23.I24.I25.itCABINET-IN-CONFIDENCE51 ATTACHMENT Gformulating policies on limiting the causes ofgreenhouse emissions.These areas, and other DPIE responsibilities involvingfisheries, water and soil
research management, are keyareas for developing policy responses on the impacts ofgreenhouse.Minister and CabinetThe Department of Prime Minister and Cabinet notes thatif some of the forecasts of climate change made
bycredible scientific authorities come to pass, then thisissue has the potential to generate the most significantsocial, economic and political problems likely toconfront Australian Governments over the next
twodecades.Internationally, the loss of land, including throughdesertification, may require the relocation ofpopulations on a scale not previously encountered.PM&C therefore supports efforts to co—ordinate andenhance local
research and co—operation withinternational efforts to understand and respond to theproblems which climate change may generate-In these circumstances, PMEC believes that the researcheffort should be focused on key
strategic issues, so asto provide a foundation for appropriate policyresponses, Given the potential impact of climatechange, PHGC notes that research will need to proceedconcurrently on the nature and extent of climate
change(ie. determining if there is a problem) and its causes,as well as developing responses to the range ofpotential problems.Given the significance of the issue to a range ofportfolio interests, PMQC is concerned that
consultationmechanisms are designed to allow an appropriate weightto all interests, and are consistent with the generalapproach taken by the Government to science policy.PHIC also considers that it is important that
theGovermnent's broad policy priorities be communicated tothe National Greenhouse Advisory Committee when it istasked with bringing forward recommendations on priorityareas for research and that there be full opportunityfor
those policy considerations to be taken into accountwhen final decisions are being taken on the level andallocation of research grants.As to the question of additional resources for research,ENC supports additional funding in
1988-B9 to allowAustralian participation in international consultativegroups and studies, but suggests that there would beadvantage in requests for 1989-90 funding beingconsidered by the Expenditure Review Committee
ofCabinet in the first instance, consistent with normalpractice. Funding for later years should be consideredin the appropriate Budget-context.CABINET-IN-CONFIDENCE



' ' ' CABINET-IN-CONFIDENCE5 2 A'J.’l‘ACElHBN'l‘ Gansgort and CommunicationsThe Department of Transport and Communications has nocomment on the Submission.9350!!Treasury is concerned that there is a risk of
wastingresources in funding additional programs given theuncertainties on basic facts available, and forthcomingfrom existing research. Australia already spends almost$l4m annually on ‘greenhouse effect‘ related researchand
the bulk of funding and research on the greenhouseeffect is inevitably done by larger countries.Therefore Treasury agrees with the recommendation thatthe National Greenhouse Advisory Committee set downobjectives and
priorities for future publicly fundedresearch, and it should also examine the focus ofcurrent publicly funded research. This should helpprovide a careful assessment of the contribution thatAustralian program can make to
specifically Australianconcerns.Treasury considers that any increased work on this issueshould be done by rzallocating resources from other lesspressing areas. Scope for such a reallocation appearspossible given that
Government research expenditure inAustralia is relatively high in international terms.The greenhouse effect is already a topical issue and alonger term publicity campaign to gain support forGovernment activities runs the risk of
drawing fortheven further calls on scarce public funds-CABINET-IN-CONFIDENCE


