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Table 1.1 Average annual river runoff for continental land masses
Annual river runoff Percentage of total Area Specific discharge

Territory (mm) (km?) runoff (mm) (10° km3) (mm)
Europe 306 3210 7 10500 9.7
Asia' 332 14410 31 43475 10.5
Africa‘ 151 4570 10 30120 48
North America® 339 8200 17 24200 10.7
South America 661 11760 25 17 800 21.0
Almrglig 52 397 1 7683 1.6
Oceania 1610 2040 4 1267 511
Antarctica 160 2230 5 13977 5.1
Total land area 314 46770 100 149 000 10.0

1. Asia includes Japan, the Philippines, and Indonesia
2. Africa includes Madagascar

3. North and Central America
Source: based on Gleick 1993; data for Australia from DPIE 1987
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Annual Australian Hydrological cycle

Rivers

52 mm (11%)

Groundwater

4mm (1%)

Precipitation = evapotranspiration + groundwater recharge + river runoff + storage
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Australia — Annual rainfall variability

Variability of Annual rainfall for major agriculture
exporting countries
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Tabkle 1. Varnability of flow in some of the world's major rivers compared with two

Auvstralian rivers,

COUNTRY RIVEE EATIO BETWEEN THE MAXIMURM
and the MINIMUM ANNUAL FLOWS

switzerland Rhine 1.9

China Yangtze 2.0

sSudan White Nile 2.4

USA Potomac 3.9

south Africa Orange

Australia Murray

Australia Hunter
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'
13.3% '

Fig. L Australia’s distribution of run-off
(Source Water and the Australian Economy,
April 1999),




Annual water availability/use — 23558k ces

in Australia -
(NLWRA, ABS.)

Mean Annual run-off 387,184 GL
Annual Groundwater Yield 25,780 GL
Water Consumed: 24,908 GL

Agriculture 16,660 GL
Forestry and Fishing 27 GL
Mining 401 GL
Manufacturing 866 GL
Electricity and Gas 1,688 Gl
Water supply, Sewerage/Drainage 1,794 GL
Household Water 2,182 GL

Other 3,973 GL
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Fig. & Growth in water use in Murray-Darling
Basin 1920 to 2000,
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Southeastern Australia Annual Rainfall

Australian Bureau of Meteorology
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NSW - Changes in annual average rainfall

Source: Barry Hanstrum, Bureau of Meteorology
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Comparison of cool and warm
seasonal rainfall

Comparison of Cool (April-Sep) and Warm (Oct-Mar) Seasonal
Rainfall between the dry and wet periods
350.0

300.0

250.0

200.0

9 2% increase 27 4% increase

150.0

100.0

50.0

0.0
1900-1946 1947-2000

Source: Barry Hanstrum, Bureau of Meteorology
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Comparison of average rainfall in
dry and wet periods

Comparison of average rainfall in the Dry and Wet periods of the 1900's
with the latest dry period 2001-2005

Average 1900 - 1946 Average 1947-2000 Average 2001-2005

Source: Barry Hanstrum, Bureau of Meteorology
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Historical climate regimes

Historical climatic regimes —

5884 .
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Source: Richard Beecham, Department of Environment and Climate Change
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Average Daily Flow Murray River at Barrage
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Annual Flows In Lachlan River at Forbes

Annual Flows - Lachlan River at Forbes
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Annual Flows in Lachlan River at Forbes
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Annual Flows in Murrumbidgee at Wagga Wagga
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Murray River Flow at Mouth
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Source: Professor Shahbaz Khan, CSIRO Land and Water/Charles Sturt University
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Warragamba + 3 Nepean Dams (Inflows & annual rainfall)
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Worst case climate change scenario

Source: Richard Beecham, Department of Environment and Climate

Change
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An illustrative overview of a shift to a drier regime
for a 10 000GL system similar to the River Murray.

With 10% reduction in mean

Current annual rainfall (GL)
long term
(GL)

Mean inflow 10 000 7 000

Mean evaporation 2 000 2 000

Mean flow to sea 2 000 2 000

Net volume available for 6 000 3 000

discretionary use

Environmental entitlement 1 500 1 500

Consumptive user entitlement | 4 500 1 500

Reduction in mean volume 67%

available to consumptive users
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Fig. 7. Sydney’'s water supply in relation to its population growth (Source WSA A, 2006).
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CLIMATE SHIFT and CHANGE
&
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Courtesy of Val Snow
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Rainfall
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The Australian irony

whilst our Agricultural productivity Is constrained
by lack of water and nutrients

fundamental cause of much of our land
degradation is an excess of water and loss of
nutrients at key periods of the year
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LANDSCAPE
FROM

Transpiration
Interception

Evaporation
Run-off

BENEATH AGRICUTURE

15 to 150 mm/yr

Drainage
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DRAINAGE
FROM
LANDSCAPE

0.5 to 5 mml/yr

WATERTABLE
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GENERALISED NUTRIENT TRANSPORT
AN INCATCHMENTS

Rainfall

Irrigation
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Landscape-Rivers-Groundwater

Discharge
)
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http:/ /freshwater.canberra.edu.au/publications.nsf/6d4e4718a6bla89aca256f1e0013cf
af / cc439bb9t7eef13eca256f0b0023397b




Groundwater
ET
7,206 GL

Water Cycle Report Australia National Water

{All volumes in GL) Balance
Period reported:

Area: 7,672,645 km?

01 July 2004 — 30 June 2005

MNon-  Irrigated
irigated land ET  ET from
land ET 17,652 GL Storages

Water
2,457,548 22123 GL consumption®
GL 18,767 GL

Rainfall /
Runoff
242779 GL

Aquifer
recharge
48174 GL

Aquifer
recharge
(seepage)

Aguifer discharge
to base flow

NB: Please note volumes for some items was not available.
Unless marked data sourced from Bureau of Rural Sciences, 2006, Water 2010

* Australian

Bureau of Statistics, 2006, Australian Water Account
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Water Cycle Diagram | Barron Water Management
{All volumes in ML) Area natural

Period reported: ~~n—Q TeSources
01 July 2004 — 30 June 2005 commission
Area™ 5,174 km®
Surface Waler Balance Error:
. ET from water -10%
Irigated Storages diversions
Non- tand ET ° Groundwater
irrigated 126 816

land ET extractions to the

economy
Groundwater 12173
ET
Rainfall / Outflow
Runoff (SW)
1,229 000 1076533

— = =

Surface
inflow from Aquifer
other entities recharge
87 poo

Seepage from
irrigation

Groundwater
stock

Change in Aquifer
groundwater recharge
slorage {seepage)

Aquifer discharge
to base flow
6,486

Inflow from aquifers Aquifer ﬂqw
outside of entity out of entity
29223

Please note volumes for some items could not be provided. Other items are a combination of entries from the water
balance. For further detail, see water balance report.

* Data source: Bureau of Rural Sciences (2008) Water 2010, All other items are sourced from the detailed water balance
report.
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SCIENTIFIC REVIEW

LOWER LACHLAN
GROUNDWATER SHARING
PLAN

November 2006
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The following table shows the possible application of both ecologically sustainable
development and risk management considerations to an annual average recharge estimate of

115GL per anum.

Risk tolerance Uncertainty factor (%) Rou;;::ﬁ:,j (2({1’/;()(10“ Deg;‘eri':)ef;:ieszurce
Highly risk adverse 70* 35 Very high
Risk adverse 40 70 Moderate
Risk tolerant 20 90 Low
Ignores risk 0 115** Nil

* Based on the CM Jewell uncertainty calculation referred to above.
** Based on the best available scientific estimate for average annual recharge as discussed above.
Note - This table depicts a risk evaluation and treatment matrix that is consistent with the risk management process

outlined in AS/NZS 4360:2004 - Risk Management.

The allawanece made far iincortaintu ic a mater far mdoment and oiven the evtent onf
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Table 5. Surface water rrigation efficiency (personal communication Shahbkaz Khan)

, Liuvuankou Eechna Doab MIA
Key Indicators China Palistan Australia
Area (ha) 40,724 2,970, 000 1566, 606
Losses from Supply Svystem (95) 3b 41

12
Field Losses (%) 18 15
Met Surface Water available to crop (9:5) 46 3z KJT".T'\
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Water use (ML ha~1) or yield (t ha~ 1) Water productivity (g kg~ 1)
16 1.6
14 } 4 1.4
12 - - 1.2
10 | 41.0
[ o " 'p-O ﬂ_.ﬂ'c.ﬂ 1%
6 | LT 00 ey 406
ﬂ--{},ﬂrﬂ-ﬂ"g.ﬂ-d -1
4 kL~ —{— Meaaredheld water use (ML ha™ ) 4 0.4
®) —9— Grain yleld (t ha 1)

2 | -O- Walter productivity (g kg™ 4 0.2
ﬂ | | | | | | ] | | | ﬂﬂ
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Yoar

Fig. 8. Rice irrigation water use efficiency trend —Murrumbidgee [rrigation Area (MIA)
(Source: CRC for Rice Production (Humphreys and Robinson, 2003).
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Imd icative costs of alkermative water supp ly and dermand managerment o ptions
(mat imcluding the cost of extermal ities)

Cption Coat / Kiiciire (7KL
Buying a high seourfy waior from tha Aiver MuTay® 050
Eoolianoe standancs and labalings FO05
oakage reducton 5 020
Rosdanbal ratrodns and rebatos & FO 50
Desalinabon, Fathe ¥117
Daaainabon, Sydmay= Fias
‘ndrect Polabde Recyoling = F2a1
Rainsaior tank nebasos B F200

HAELX standards for wador aficent buildings © 8030 - F4 00

Source: Wentworth Group 2006
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» Requires actions to ensure that the environmental needs of river
systems have first call on the water to keep them healthy,
protecting both

their environmental values and

ability to meet human needs into the
future.



Murrumbidgee River: _

Inflow, outflow and water use for irrigation

GL
8,000 — - ————
7,000
6,000
5,000
inflow
4,000 —g— outflow
Irrigation
3,000
1,000
0
R EEEEEEEEEEEEEEREREEEE:
O O O O 0 0O 0O 00 00 0O 0 O 00 0 00 0 0 O O O O O
oK O L S R L SRR RS ol o - ™ ™ = v N N N N N N
Source: Water, Climate and Economic Loss in the Murrumbidgee River and Southern Murray Darling Basin
12 February 2009 Professor Tom Kompas, AustralianNational University
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Tension between water extraction andwafer2o%
for river health

Irrigation Indust,

River Sciences Knowledge

Science knowledge
¢Soil science
eplant breeding
eAgronomy
eGroundwater
ePesticide chemistry

e Aguatic ecology
eFish ecology
eRiverine botany

M eRiverine geomorphology
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Fundamental to reform is the establishment of a nationally
consistent and that
provides security to both water users and the environment.
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Healthy River Needs
Has First Call
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Critical to this is the clear definition of

water entitlements as a (perpetual in case
of OZ) share of the available water
resource.

the regulation of this entitlement
The trade of this entitlement

volume allocations of water provided year
by year from this entitlement
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CSIRO

Water Availability in the Murrumbidgee

Summary of a report to the Australian Government from the
CSIRO Murray-Darling Basin Sustainable Yields Project
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Table 3- Implications of river health flows on water allocation by 2030
Period Average surface C2p voiume Percent of Cap Percent below the
water availabilty (GL/yvear) available for current CAP
for diversion ' diversion
{GL/year

Hioh probability.of a healthy werking riverwith n

o-climate change impact

1901-1950 7181 12,000 60%
1951 - 2000 8796 12,000

a5t estimate’ reducoon in runoff from ¢li

47%

with Sanect o3 7
VITH WOTrSt Case 1¢

ductionin run

Hwnar CMmate (

SUBMISSION TO THE SENATE INQUIRY ON

HE COORONG AND LOWER LAKES

10



Impact of future climate on surface water availability

Change under median 2030 climate (%)
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Runoff change (%)

High global warming
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Immediate national priorities
N/

1. Buy water for the environment to secure the
health of over-allocated river systems from
anyone willing to sell;

2. Regulate to offset further water losses caused
by timber plantations, farm dams,groundwater
use and water efficiency;

3. Build a National Water Account to find out
where our water is, who is using it and what
condition it’s in;
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Q4
)

4. Apply the same environmental, market and
price disciplines to everyone so that all users
pay the full cost of water, including the cost of
addressing environmental Impacts; and

5. Accept that desalination, potable reuse,
stormwater capture, recycling and urban-rural
trade are all legitimate options for our coastal
cities and often better options than building
new dams and damaging more coastal rivers.
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Conclusions

Australia is at the crossroads in terms of
its ability to cope with increasing water
scarcity in that it has to choose
between the more expensive capital and
environmental downsides of options of:

more storages and desalination,
or minimizes these via

better water reuse strategies and
increased water productivity.
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Conclusions

A vigorous reform process is underway that is
focusing on:

governance, productivity and
environmental issues.

This will oversee a major re-allocation of water:
between irrigation activities,

from irrigation to river and
groundwater flow and

some movement of water from
irrigation to urban use.
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Conclusions

If reforms allow third party access to
urban sewage and effluents there
will be incentives for:

Q innovations in re-cycling and greaﬂy
increased water re-use.
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Conclusions

If the reforms are able to establish a framework that
allows efficient markets to work and thus water to
trade and economic incentives develop that encourage
and support innovation then we can expect to see:

Q a significant increase in water productivity
across industries while

Q returning sufficient water to our stressed
rivers, floodplains, wetlands and estuaries.

QBuying of water for the environment to
secure the health of over-allocated river
systems from anyone willing to sell
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Conclusions

These reforms may
also enable us to
avoid mistakes made
in the south as our
northern rivers come
under increasing
developmental
pressure




