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INQUIRY INTO FUTURE WATER SUPPLIES

© Land & Water Australia Submission-

Land & Water Australia is a Statutoty Corporation: established under the Prmary Industries and
Energy Research and Development Act of 1989. - Our wission is #o provide national leadership in
generating knowledge, informing debate and inspiring innovation and action'in sustainable natural resonrce
ranagement. 5 ST 3 ' '

» We wish to make a 's'ubmiséidn 'pﬁ_tw'o aspects of the z'ﬁéluiry-as below: -

1. Commonwealth policies and programs that could address and balance the competing
demands on waterresources oo R
Land & Water Australia has for some time fecognised the increasing competition for water in
Australia in an environment in which miany regions will be facing diminishing supplies. In
patticular we see the tutal "water sqiieeze" deriving from a combination of (a) increasing industry
and consumer demand, (b) the urgent need to te-allocate water to aquatic ecosystems in some
locations, (c) climate change leading to higher temperatures; higher evaporation, lower rainfall
and significantly lower runoff and (d) revegetation of catchments for biodiversity, salinity and
erosion benefits combined with plantation ind agroforestry for commetcial purposes teducing
runoff. These forces are alteady comaing into play and are likely to increase in magnitude rapidly
in the next decades. Fundamental to this issue is that river flow is already a small residual of the
catchment watet balance and the multiple factors. above have the potential to exert substantial
impacts on irrigation industries and dependent rural communities in a relatively short space of
time. It is essential that medium to long tetm planning, whether for catchment rehabilitation,
watet allocation of industry infiastructite, takes these issues into account now. -~

In response to these critical issues, Land & Water Australia has invested heavily in water use
efficiency R&D since the mid-1990s and was itistriimental in encouraging state agencies to
develop wider industry-based watet use efficiency programs. Estimates suggest that around
$100m has been committed to these state progtams and significant improvements are already
occutting in irrigation water use efficiency. Land & Water Australia's National Program fot
Irrigation R&D has delivered key innovations such as partial foot zone drying (reducing some
plant water requirements by around 50%) and the national itrigation benchmarking scheme
which is becoming a world standard. - - . o '

A new National Program for Sustainable Irrigation is currently in development by Land & Water
Australiz. This new initiative focuses strongly on designing and fe-designing irrigation systems to
meet pre-determined sustainability critietia, including efficiency measutes; It is critical that new
developments and/or tedevelopments are éffectively designed and do not repeat past mistakes.
However it is already cleat that many itrigation industries do not have the capacity to understand
either their potential impacts at the catchment scale ot their dependency on future watet supplies.
The corportation will be building on its wealth of past knowledge on irrigation, groundwater and
river processes to facilitate this catchmentandregional scale understanding: Linking irrigation
more effectively to catchment processes and designing systems to deliver twice the product with
half the water will be key challenges. ~- S RERR

Land & Water Australia has also recently coinpﬁetcd an extensivé teview of environmental water
allocation, both in terms of scientific progress and experiences with implementation. The - -
- international review ¢ scial, economic, p s ' '

institutional dimensions as well as the .~ -
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that communities and agencies are facing with implementation of water allocations to the
environment, One of the cléar otitcomes has been the identification of the need for more holistic
research and po]icy'devélopinéﬁt in which whole tiver systems ate considered, including the
channels, floodplain and wetland connections, groundwater, catchment runoff and estuaties and
near-ocean environments. Many science and policy gaps exist although good progress at both
levels has been made over the last decade. The review also highlighted the need to develop
robust methods to assess the benefits of environmental water allocations if industries and
communities are to make the hard decisions and trade-offs. Research funders, resource managers
and policy developets would also need to take account of emerging issues of climate change,
complex catchment processes, water quality interactions and cultural and heritage aspects of
water management. RN SRS NI PR L R

2. The adequacy of scientific tésearch on the approaches required for adaptation to
climate variability and better weather prediction, including the reliability of
forecasting systems and capacity to provide specialist forecasts. -~

This part of the submission will conicentrate on application of seasonal climate forecasts, which

have been the major focus of Land & Water Australia’s Climate Variability in Agriculrure R&D

Program (CVAP). Following a background section to provide historical context, the submission

will respond to three issues raised in the terms of reference relating to the adequacy of the

scientific research, issues of forecast reliability, and of the capacity to provide specialist forecasts.

Increased use of seasonal forecasts which incorpotate clitnate change influenices are seen as one

of the most effective ways to adapt to climate variability and climate change.

The submission includes detail that will be falﬁ@b_l_e:tdthe inquiry. CVAP is uniquely placed to
give a natiopal overview on what is still a relatively new area of applying seasonal forecasts. For
many of the issues raised, some context and background is essential "~

Summary

Australia has a small but world-class effort in developing and applying seasonal climate forecasts.
Forecasts ate typically for the probability of above ot below average rainfall over the next three
months. The forecasts have only been widely available since 1989. Close to 40% of farmers take
the forecasts into account in farm decisions. The ptopottion is highest in northern NSW and
Queensland where there is a combination of incteased variability and predictability coupled with
research and extension programs to promote applications by farmers. Forecasts on a probability
basis ate requited to tesponsibly convey the accuracy of the forecast.

There is substantial scope to increase the uptake of forecasts and their value to the community.
Progtess requires a sustained and comprehensive national approach including improvements in
forecasting accuracy, in demonstrations of forécast value, and in communicating forecasts to
users. SR o . L

The Climate Variability in Agricultute R&D Program has had a key and unique role in
progressing the application of seasonal forecasts and providing a coordinated national approach.
A Prospectus for a new and broader Managing Climate Variability program fo include water and
natural resource management has been launched and funding partnets are being sought.

Background o . _ : '
In 1992, also at a time of major drought, a new applied climate research program was launched
by the Commonwealth. Now, a decade on, close to forty percent of Australian farmers ate .

taking seasonal climate forecasts into account in decisions. =~ = .0




The research program on applications in agriculture was funded initially through the National
Drought Policy aitned at increased self-reliance, and more recently through the AFFA program -
Agriculture Advancing Ausiralia. ‘The reseatch focus has broadened from drought to better
managing the risks and opportunities that come with an inherently variable and now changing
climate. : : - SO

The leadership by AFFA gave increased recognition and credibility to what was effectively a new
research area - taking advantage of seasonal forecasts in farm decisions. The first operational
seasonal climate forecast became available in 1989 following development wotk by the Bureau of
Meteotology. Agricultural researchers in the Queensland Depattment of Primary Industdes also
had 2 key role in demonstrating the Value of seasonal climate forecasts. They also promoted the
widespread recognitiont of the Southern Oscillation Index. ... . '

Although the forecasts can be seen as 2 breakthrough, they were the end result of increasing
knowledge over the century. As long ago as 1910, Bureau of Meteorology researcher had
developed a relationship between northern Victorian spring rainfall and Darwin atmospheric
pressure the previous winter. o ST

The devastating 1982-83 drought was a major _'sﬂmu_hs to_i_mproﬁed research and monitoring of
the El Nifio - Southern Oscillation o (ENSO) phenomenon in the Pacific.

‘The Australian legacy "of drought and flooding rains' could now begin to-be intetrpreted and
undetstood. Summer droughts often can end 'wot with a whimper’ but with autumn floods, 2
pattern now recognised as not unusual coming out of an El Nifio. ‘Undegstanding ENSO and
fathoming the pattertis of the oceans are the keys to unlocking the vagaries of our unique stop-
start environment. ' T '

Australia ’s inforile soils and the tials of ENSO have foried some wnussal adaplations on its plants and
animals.. . .exploiting brigf windows of opporsunity s they apen ervatically over the land .
"T'he Future Eiters' Tim Fiannel‘Y (.1'.994)'. L T

How farmers use ENSO-based seasonal forecasts vaties. A majority of cotton and sugar cane
growers take the forecasts into account in a vatiety of farming decisions, from itrigation to cash
flow management based on yield prospects. Farmer comments range from 'y bank manager shegps
batter' to 'we always use them only as an 4id, to reinforce a decision that we are already part way o making

Adoption has been less in some ateas such as We_s_terri Aﬁsttaﬁa, because of a reduced ENSO
impact. As a result there is less inhetent vatiability and less predictability in rainfall. ‘In south-
castern Australia lower adoption appesrs to be pattly based on expetience in the 1990s that the

forecasts were not as reliable as further north. But analyses ‘ovet the last century show little
change in the impact of ENSO from north to south in eastern Australia, particularly for critical

Finally, it is impottant to place what can be achieved from better application of seasonal forecasts

in a broader context. While forecasts can help fatmers and natural resource managets to reduce
some of the worst impacts of droughts and floods, they are not a panacea. They contribute to
improved management of tisks and opportunities through better informed decisions. With

cutrent levels of accuracy there will continue to be droughts in non El Nifio years but not as
~widespread.” Sotne regions will enjoy good seasons in Bl Nifio years.: Better information on the .
 season ahead will over time conttibute to i iproved profitability with less risk to the farmer's: =




capital and natural resoutce base. Usets of seasonal forecasts will continue to gain expetience in
how best to incorporate the forecasts into their risk management. )

Climate Variability in Agriculture R&D Program

Seasonal climate forecasts were first publicised a little over a decade ago. The Climate Variability
in Agriculture R&D Progtam (CVAP) has had a key national role since 1992 in improving the
forecasts and developing the tools and applications needed for their more confident use in a wide
range of industries. One of the first projects funded enabled the Bureau of Meteorology to add
the Indian Ocean influence to that of the Pacific in seasonal forecasts of rainfall and more
recently temperature. - PR DR

Over the past decade, pattners in CVAP (including the earlier phases with the title National
Climate Variability Program) have invested about $1,000,000 annually in a broad and stretched
program aiming to cover a range of regions and industties, and to provide the tools needed for
reseatch and for applications: A substantial investment was made in mote strategic research on
coupled ocean/ atmosphere models to ‘accelerate improvements in longer lead forecasts, and to
strengthen links between users and climate and ocean scientists. - :

In the recently completed phase of CVAP, five of the rural R & D Corporations formed an
effective partnership with AFFA in extending the range of applications.  Partners are being
sought for a fusthet phase of CVAP. The Prospectus has been launched with strong support
from the National Farmers Federation. "Tools ate now available to suppott a broader focus
including the challenging issues in ‘watet and natural resource management. Further investment
in CVAP is the most effective means available to increase the application of seasonal forecasts.

The adequacy of scientific research o

Australia, with exceptional rainfall variability, needs to be 2 world leadet in the application of
climate science to sustainable management. ‘Australian reseatchers through an outstanding
collaborative effort do lead the world in applications to better manage climate variability. Close
links between 2 limited number of researchets in agriculture, climate and ocean sciences has been
the key ingredient in the rapid development of our capacity.

Research to imptove seasonal climate forecasts is 2 small part of much latger climate research
programs, patticulatly in weather and climate change issues. ‘The research programs are
dependent on obsetvation networks and data management systems which ate patt of formal
international arrangements. - Although there are a wide range of mechanisms to cootdinate
responses from Australian Governmental and non Governmental science organisations on
diverse international climate sciénce issues, there is no counterpart effort in cootdinating national
resporises to national issues.. Australia has not established any formal mechanistm such as a
National Climate Progtam. There have been failed attetapts. - - .

The majot agencies involved with climate tesearch are the Bureau of Meteorology Reseatch

Centre and CSIRO (Atmospheric Research and Matine). The 1999 Review of BMRC recognised

its world class research. Thete wete no specific comments on climate variability research which

is 2 small compotient of its portfolio of mainly strategic tesearch in meteorology and climate

change. The Review noted the pressure on fesoutrces in maintaining the skills base to meet the

many demands. The CSIRO have a range of research specialties in climate change and climate
vatiability. They have recently developed weather and climate forecasts targeted at the needs of .
specific industties. The BMRC Review noted th rowing cooperative telationship between = -




BMRC and CSIRO (Atmospheric Rese’ar_éh):axid :recomrnended_théii consideration of a single
global integrated systems model. = S .

CVAP, with its user focus, has had a significant role in achieving a more effective national focus
in climate modelling, As the Chief of CSIRO Marine, Dt Nan Bray, stated: " Australia did not have
conpled, numerical models for seasonal prediction when CVAP started. Afier six years of co-investment by
CSTRO, Bureau of Meteorology and CV AP, we now have two that are demonstrably as good as any around the
world, (One is tuned for simulation of ENSO, one on how ENSO will change under greenhouse ). The nnique
role of CV.AP was o significantly enbance colizboration. Individually, no group bad the critical ruass to develop a

dynamical prediction system.”

The adequacy of the reseatch effort on seasonal climate forecasts depends on the priorities set by
the major research agencies and the capacity of users to influence these. 'With such a widespread
uset base, and given the increasing emphasis in research agencies on external funding, the
capacity of usets to collaborate becomes the major determinant of research priotities. The
diversity of users cleatly raises transaction costs for user-based funding. Currently Land & Water
Australia is seeking funding from 13 rural R&D Cotporations to launch a new Managing Climate
Variability progtam.: Core funding from AFFA had previously underwritten a national program,
and enabled further contributions from pattners with mote specific regional or industry priorities.

The CVAP approach helps to ensure the adéquac‘:y of the research effort by recognising three

factors: :

» the importance of links between usets, and climate and ocean scientists to develop relevant

forecasts; :

» the advantages of a program approach which recognise that innovative applications in regions
and industries depend on national and international research efforts;

> encouraging a diversity of approaches to improved applications of forecasts within
competitive framework that focuses on the improved accuracy and value of forecasts for
users; and S i P

» recognition of the major spin-offs from applications research on specific applications to
other regions and industiies.  Often; a small increased investment can add substantial national
value to a more regionally focussed project. ' S '

In the absence of a natonal framework to address emetging issues of significance to the user
community, many issues will be neglected and othets will proceed with 2 natrow local focus. The
limited resources nationally are mote likely to be fragmented, and efforts duplicated. A national
and often international perspective is essential to complement user involvement. o

The three Australian regions with the most pressing drought problems over the last few years are
south west Western Australia, southern Victoria, and sé_ix_i;h%;:ast;Queen'slhnd. -Utban water
supplies ate 2 major isstie in each region. Tn Western Australia, State Departients have -
collabotatively funded reseatch to investigate the long tetm decline in rainfall. A similar initiative
is being discussed in Victotia. Queensland has had 4 major climate variability research effort for
a decade with the emphasis on applications in agticulture. Stronger links with the International
Research Institute for Climate Prediction (IRI) are being developed by the Queensland
Government to address their major issues. -~ -

There have been Australian efforts in rcc.engyegts to develop a national focus on climate
applications which could have also included a more active role in IRI, The Queensland
- Goveriment undertook a feasibility study to consider the development of an Australian Institute -




of Climate Applications. Although some suppott in principle was apparent from the key national
agencies, the effort languished. o R

The absence of a Cooperative Research Centre with a focus on climate forecasting applications is
also indicative of a less than adequate national effort. Part of the problem is the limited focus in
Universities on climate science and applications. There is more Univetsity tesearch in
meteorological science. Nevertheless, the launch of a climate degree at the University of
Southern Queensland is seen as a wotld first. T '

Increasing the uptake of our existing knowledge on climate variability requires 2 major
commitment to applications research coupled with extension and training programs to involve
potential usets. Apatt from a majot Queensland initiative through the Queensland Centre for
Climate Applications, other states have typically only a few staff dedicated to improved
applications. The Prospectus for 2 new CVAP aims to increase adoptiont from cuttent levels of
about 40% to more than 60%, New applications in watet and natural resource management are
also planned if the program achieves an apptoptiate level of funding:

Continuity of the rescarch effort is also a major constraint on the adequacy of the research effort.
User interest has typically been gteatest during major droughts. -

Reliability of forecasting systems - .

Poor forecast accuracy is the most common reason advanced by those farmers not taking
forecasts into account. (Reliability has a specific meaning in meteorological studies of forecast
performance relating for example whether droughts or rain days occur as frequently as forecast.
Reliability in this context is understood fo relate to accuracy in genetal terms).

Cutrent seasonal forecasts fot the next three months are expressed in terms of probabilities — for
example, only a 30% chance of above avetage (median) rainfall. Some users would interpret the
forecast as inaccurate if the more unlikely outcome of above average taint resulted. This will be
more likely if the media coticentrate on the most likely outcome and ignore the probability.
Many users and to somme extent the media, prefer categorical forecasts, for example either rain or
fine as for weather forecasts. Wider adoption of probability-based forecasts for weather would
increase understanding of seasonal forecasts. Routine weather forecasts from the Bureau of
Meteorology do not incorporate probabilities, except in 4 long running trial in Canberra. This is
understood to be based on the assumption that some confusion could result. However other
countries routinely express forecasts in probability tetms, and Canberrans appear to be coping.

CVAP research has contributed to improved communication and understanding of fotecasts.
One project demonstrated that expressing forecasts in frequency terms, for example 3 yeats out
of 10, was more effective than the probabilistic statement using 30% chance. Another project
has funded the Bureau of Meteotology to develop a system for a user at any location to evaluate
past forecast performance of the Bureau Seasonal Outlook. .

Current forecasts are based on Historical relationships and have vatiable accuracy, both seasonally
and regionally. The patterns reflect the historic impacts of El Nifio and La Nifia events. The
patterns are the basis fot the forecasts which reflect the extent to which rainfall outlooks differs
from the histotic pattern. El Nifio'and La Nifia events have each occurred about every four years
or s0 on average, and have significant impacts peaking in spring. Thus the forecasts will only
reflect a substantial change in the outlook in some years and at some times of the year. Further
thete is substantial regional variation and in the extent of particular events. The variable nature
of what usets perceive as the accuracy and value of forecasts requires on-going programs to
increase understanding of the probability basis of the forecasts. 'The major research issue with
the seasonal pattern of accuracy is the limited guidance the forecasts. give in autumn — the




autumn predictability gap — genera}_ly_befOIe"aﬂ ENSO p'attéfn_ has developed, but when winter

crop planting decisions are being made.

Policy decisions to limit cusrent forecasts fo three months ahead denies usets the opportunity to
take advantage of skill at longes lead times. During El Nifio and La Nifia events there ate
opportunities to provide useful forecasts at longer lead times. To some extent simulation models
of crop growth pick up skill at longer lead times. - ' S

CVAP research has included two kéj‘ directions to increase the potential value of forecasts.

These ate: ' ' Sl

e the development of coupled m_odelS"bf_ the oéeﬁﬁ'aﬂa atmosphete to give forecast skill at
Jonger lead timés than cutrent models; and =~ 0 0 .

s increased understaniding of thennportanceof vambﬂltyatdecadal time scales and associated
opportunities to improve current forecasts. ' o

Both ateas require substantial further investment to determine their opetational value.

For the future, climate change brings new challenges. A warmet wortld will increase moisture
stress and drought. A more variable future will tequire more rapid adaptation through better
managing climate vatiability as it happens. Greater adoption of seasonal climate forecasts will
itself stimulate improved adaptation to new levels of variability. Australia's world-leading
research effort in managing climate variability needs to keep meeting the challenges.

Capacity to provide specialist forecasts _ _

Tn addition to tesearch to improve forecast accuracy, CVAP has been effective in developing the
capacity and the tools to provide specialist forecasts in agricultural production and water
resources applications. Climate data is niow readily available to drive simulation models of crop
and pasture growth. The ENSO impact on ‘seasonal rainfall is often magnified when an indicator
such as crop yield is used to iritegrate the seasonal impact of an ENSO évent. The models can be
used to compare altetnative decisions depending on the cutrent seasonal fotecast. The value of
the forecast can then be assessed.’ Fot example in northetn cropping regions, a simulation model
can evaluate the likely yield of an additional opportunity crop if there is a favourable seasonal
forecast indicating an increased chance of above average rain. The additional crop can reduce
runoff and deep drainage providing environmental benefits as well as increased profitability.

Applications showing increased value from using forecasts have only been made operational in
some industries and regions. The miajor constraints have been limited funding and tecognition
by users and researchets of opportunities. For example, the first major reseatch project on using
seasonal climate forecasts to reduce the impact of climate vatiability on southetn grain farms will
begin shortly. ' e T S e e :

AUSTRALIAN RAINMAN is one of the flagship products supported in its development and
upgrades by CVAP. RAINMAN aids management by giving farmers the capacity to analyse local
rainfall and to incotporate their own records. The combination of relevant information and
analyses teadily done by the user is 2 powerful learning tool. ‘The end result is an understanding
of how ENSO shifts the odds for their own situation.” - S '

A pew RAINMAN supplement w:tth data for 400 streams now gives the capacity to forecast
streamflow. This will be 2 valuable new tool in a range of applications from irrigation planning
to environmental flows. 2N L

The impact of ENSO on streamflow is often amplified compated to the rainfall impact. For the |
Lachlan River in central NSW, an ENSO forecast can change the odds markedly. Forexamplein '

La ﬁiﬂa‘-ﬁk‘? .;jyeai:s ) et 1 -t abo e streamflow. In El Nifio LA




like years the chances of above avéiége:'_a're 6d§'éboﬁ£ oe in ten. The example is based on
spring {Aug-Oct) inflows to WyangalaDam based on the SOI from May to July.

Forecasts of stteamflows can be invaluable in managing vatiability. ENSO indicators such as the
SOT and SST (Sea Surface Temperatures in the Pacific and Indian Oceans) have been used in
statistical forecast schemes for rainfall 2 season ahead. The streamflow relationship is often
amplified through spatial and temporal integration compared with an equivalent rainfall forecast.

Thete are indications that vatiations in climate and ocean systems over decadal time scales
modulate ENSO impacts. For example the SOI cotrelation with Mutray River flows is much
higher when a measute of decadal variability in the Pacific is negative compared to when the -
index is positive. : pe B

‘The accumulating knowledge on major drivers of clitnate variability has had little application in
water resources management, partly because of vety conservative tisk management approaches
which have been based on high secutity of initial allocations. In addition, the coticentration on
planning for sustainable levels of extraction to freet increasing demand for water has resulted in a
lower priofity on opérational issues. In the case of environmental flow regimes, the initial
challenge is to reverse the cycle of seasonal flows back to the natural seasonal cycle. The ENSO
component of the natural cycle will then be relevant. R

Two case studies have shown that use of seasonal climate forecasts could increase the managed
water yield from a water resources system by 10 to 20%. The increases shown ate for irtigation
systems whete irrigation requirements and crop requirements from rainfall are negatively
correlated. Environmental requitements are more likely to be positively correlated with rainfall.
There are therefore opportunities to reduce trade-offs required to meet environmental
requirements by using seasonal climate forecasts. . Lo

Fot the Lachlan River catchient for example, 2 14% expansion in atea planted appears possible
with little extra risk if seasonal climate forecasts were. used. A 23% expansion seems possible
with some extra risk. A further case study showed that for 2 northern Mutray Darling system, an
increase in cropped area of up to 30% was possible comparing positive and negative SOI phases.
This analysis was based on an irtigator decision in June on October cotton plantings. A later
decision would be even more valuable, The potential exists to better allocate additional water to
irrigation and environmental uses at less risk. i '

Environmental flow regimes Which att'e'inpt to retain and mimic elements of the natural regime

will cleatly be inadequate if they fail to account for ENSO. Statistical approaches which simply

capture the monthly chatacteristics and month-to-month persistence will completely miss the

ENSO pattern at a longer seasonal and annual time scales. The key characteristics are :

e Interannual V.a'riabﬂi.ty'at' coﬁtinéﬂtalzs.ca.le ( ﬁnportant for nngratory épeCies);

e FElNifio and La Niﬁé events, each averagmg once eféry'.fdﬁr to five yeats, but with protracted
episodes; : S SERSU T LRI _

o Possible increased frequency of El Nific events and increased streamflow variability with
climate change; R P, AR _

® Droughts and wet periods associated with major ENSO events often.extending foruptoa
year from autumn; and ' . N :

e A tendency for droughts and floods to alternate ( land of droughts and flooding rains).

I would be_:l._jappy to expand on anyofthese _pogﬁ-ts in P¢¥$O._¥_1“ | il
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