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Figure 4-4. (continued) Typical plots comparing modelled and observed monthly runoffs and daily runoff characteristics
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Figure 4-5. Comparison of mean annual runoff estimated by SIMHYD and
Sacramento models for the verification results with the observed runoff
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Figure 4-6. Mean annual runoff estimated by the SIMHYD and Sacramento models across the Murray-Darling Basin
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Figure 4-7. Mean summer (DJF) runoff estimated by the SIMHYD and Sacramento models across the Murray-Darling Basin
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Figure 4-8. Mean winter (JJA) runoff estimated by the SIMHYD and Sacramento models across the Murray-Darling Basin
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5  Rainfall-runoff modelling for Scenario C

There are three sections in this chapter. Section 5.1 compares the climate change impact on runoff predicted by the
SIMHYD and Sacramento rainfall-runoff models. Section 5.2 discusses the potential impact of global warming and
enhanced CO; concentrations on forest water use, which is not modelled explicitly in the CSIRO Murray-Darling Basin
Sustainable Yields Project. Section 5.3 presents a broad analysis of the potential increase in future bushfire risk and its
impact on runoff.

5.1 Modelling climate change impact on runoff

Figures 5-1, 5-2 and 5-3 compare the changes in runoff characteristics in ~2030 relative to ~1990 estimated by SIMHYD
and Sacramento models using climate change projections from three different GCMs under the medium global warming
scenario. The method used to obtain the 112-year daily rainfall and APET series for a ~2030 climate has been described
in Section 2.2. The comparisons in Figures 5-1 to 5-3 are for the 183 calibration catchments, where the same optimised
parameter values are used to estimate the historical and future runoffs. The three GCMs used here are the IPSL, INMCM
and CCCMA T47 GCMs (see Chiew et al. (2008) for description of the GCMs). These three GCMs are chosen because
the SIMHYD modelling results using the climate change projections from these GCMs show the second driest, median
and second wettest change in future runoff (averaged over the entire MDB) among the results from all 15 GCMs under
the medium global warming scenario (see Figure 3-6).

The impact of climate change on runoff estimated by the SIMHYD and Sacramento rainfall-runoff models shows the
strongest agreement for climate change projections from the ‘wet’ GCM, CCCMA T47 (Figure 5-3), where the changes in
all the runoff variables estimated by the two models differ by less than 5 percent in almost all the 183 catchments. For
the other two GCM climate change projections, where reduction in future runoff is estimated, the impact on runoff
estimated by SIMHYD is smaller than that estimated by Sacramento (Figures 5-1 and 5-2). The difference in the
modelled climate change impact on mean annual runoff and mean winter runoff estimated by the two models is 5 to

10 percent in the majority of the catchments. This difference is significant, but is relatively small compared to the
disagreement in the rainfall projections for the MDB from different GCMs. For example, the difference between the
median modelled change in the mean annual, summer and winter runoff over the 183 catchments using climate change
projections from the ‘dry’ and ‘wet’ GCMs (IPSL and CCCMA T47) is about 30 to 40 percent.

The biggest disagreement between the SIMHYD and Sacramento models is in the simulation of climate change impact
on mean summer runoff. For the ‘medium’ GCM (INMCM), the median difference from the modelling for the

183 catchments is 7 percent, with differences greater than 17 percent in 10 percent of the catchments (Figure 5-1). For
the ‘dry’ GCM (IPSL), the median difference from the modelling for the 183 catchments is 12 percent, with differences
greater than 24 percent in 10 percent of the catchments (Figure 5-2). The difference in the SIMHYD and Sacramento
modelling results is most likely due to the different methods used to simulate actual evapotranspiration (from soil wetness
and PET), which explains the bigger differences in summer (see Chiew (2006) for more details on estimating hydrologic
sensitivity of climate).

The disagreements between the modelled climate change impacts on extreme runoff (runoff that is exceeded less than
1 percent of the time) and low runoff (number of days with runoff below 0.1 mm) estimated by SIMHYD and Sacramento
are similar to that for mean annual and mean winter runoff.
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Figure 5-1. Comparison of changes in runoff characteristics in ~2030 relative to ~1990 estimated by the SIMHYD and Sacramento
models using climate change projections from the IPSL global climate model under the medium global warming scenario
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Figure 5-2. Comparison of changes in runoff characteristics in ~2030 relative to ~1990 estimated by the SIMHYD and Sacramento
models using climate change projections from the INMCM global climate model under the medium global warming scenario
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Figure 5-3. Comparison of changes in runoff characteristics in ~2030 relative to ~1990 estimated by the SIMHYD and Sacramento
models using climate change projections from the CCCMA T47 global climate model under the medium global warming scenario

5.2 Global warming and forest water use

As the same model parameter values are used to estimate the historical and future runoffs, the modelling does not take
into account the potential effect of global warming and enhanced CO, concentrations on forest water use. There are two
main reasons why changes in forest water use can have a significant impact on future runoff. First, runoff is the
difference between the two larger water balance terms, rainfall and evapotranspiration, and therefore small changes in
forest evapotranspiration can result in large changes in runoff. Second, forests cover a large proportion of the upland
areas where most of the runoff occurs.

The physiological effects of increased CO- on the hydrological cycle have been shown to be the major cause of
increased runoff for some large river basins around the world (Gedney et al., 2006). However, these effects are generally
not considered in predictions of future runoff changes due to global warming, mainly because the interactions and
feedbacks between the atmosphere and vegetation under increased CO, are not well understood.

For example, the review of Field et al. (1995) showed that elevated CO, leads to large decreases in canopy
conductance, resulting in increases in water use efficiencies and reduced transpiration. However, elevated CO; can also
lead to increases in leaf area index (LAI). The reduced transpiration per leaf/plant due to higher forest water use
efficiency is therefore offset by the higher interception loss and higher transpiration due to higher LAI. Various other
processes also interact to modulate the response of evapotranspiration and runoff to increased CO; (Figure 5-4). The
summary results of Ainsworth and Long (2005) from 12 large-scale free-air CO, enrichment (FACE) experiments found
that functional groups differed in their response to elevated CO; with trees generally more responsive than grass and
crops. Trees showed significant increases in LAI, while there was no significant change in LAl in grass and crops.

The ecohydrological response to elevated COs is likely to vary with hydroclimatic conditions. In catchments where
evapotranspiration is limited by energy (e.g. wet catchments in the tropics and northern hemisphere), increased CO. is
likely to result in reduced evapotranspiration and hence increased runoff. However, in water-limited areas, like most parts
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of the MDB, the lower transpiration per leaf/plant from CO; fertilisation is likely to be offset by increased LA, resulting in
little change in evapotranspiration and runoff. Marcar et al. (2006) provide a detailed discussion on the potential impact of
global warming on forest water use for the Murray Uplands area.

In summary, although the potential changes in forest water use under increased CO- could significantly impact future
runoff, the impact is not estimated in this project. This is because there are compensating positive and negative impacts
of global warming on forest water use, and it is difficult to estimate the net effect because of the complex climate-
biosphere-atmosphere interactions and feedbacks.
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Figure 5-4. The effect of increased CO, on catchment water balance processes (adapted from Field et al., 1995)
(upward arrow next to a process indicates an increase, downward arrow next to a process indicates a decrease)

5.3 Future bushfire risk and impact on runoff

Bushfire risk is likely to increase in the future because of global warming (Hennessy et al., 2005; Lucas et al., 2007). This
section presents a broad assessment of the potential impact of increased bushfire risk on future runoff.

The Forest Fire Danger Index (FFDI), which has been widely used to assess broad scale daily forest fire risk in south-
east Australia, is used here (Luke and McArthur, 1978; Hennessy et al., 2005). The FFDI is calculated using the equation
described in Nobel et al. (1980). The daily data used to calculate FFDI are rainfall, maximum temperature, relative
humidity at 3 pm, and maximum wind speed. The FFDI is calculated for 0.05° x 0.05° grid cells across the MDB for the
historical climate and the future climate. The calculations for the historical climate are based on 1980 to 2006 SILO
climate data described in Chiew et al. (2008). The calculations for the future climate are based on scaling the 1980 to
2006 historical climate data with seasonal climate change projections from six GCMs for ~2030: CCCMA_T47,
CCCMA_T63, IAP, INMCM, MIROC-M, and MRI (see Chiew et al. (2008) for description of future climate data). These
six GCMs are used because they have all the climate data required to calculate FFDI.

Figure 5-5 shows the mean annual cumulative FFDI for the historical climate (1980 to 2006) and the percent changes in
FFDI by ~2030 for the second lowest, median and second highest FFDI calculated from future climate data informed by
the six GCMs. The FFDI is plotted only for grid cells with more than 20 percent woody cover (woody cover data from
Furby, 2002). Table 5-1 summarises the results for the 18 MDB regions. The results show increases in FFDI by about 5
percent in the median result, by 10 to 20 percent in the second highest result, and little change in the second lowest
result.

To estimate the increase in area burnt as a result of higher fire weather risk, a relationship between area burnt and mean
annual cumulative FFDI is established and shown in Figure 5-6. The relationship is established using annual data on
total area burnt in Victoria from 1921 to 2006 (from Tolhurst, University of Melbourne, pers. comm.) and the FFDI
calculated for three sites in the MDB part of Victoria (Bendigo, Mount Beauty and Shepparton). The y-axis shows the
percent increase in area burnt, which is estimated as the total area burnt in Victoria divided by the total woody cover in
Victoria.
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Streamflow increases immediately following the destruction of mature forest by bushfire but then decreases as the forest
regenerates (Kuczera, 1987). For this project, streamflow response curves are developed for different groups of species
and averaged over 100 years to estimate the long-term change in streamflow resulting from a fire (Figure 5-7). The
averaging implies that a small portion of a catchment is burnt each year when in reality fires are likely to be episodic
involving large portions of a catchment. However, the average values provide an indication of the impact at the regional
scale. The northern mixed eucalypt species is used for Queensland and northern New South Wales and the southern
mixed eucalypt species is used for Victoria and southern New South Wales. Small areas of mountain/alpine ash and
snowgum are also used for the higher elevation areas in the south-east MDB to reflect the more diverse forest species
there.

The broad assessment of the potential impact of increased bushfire risk on mean annual runoff in the 18 MDB regions is
made by: (i) estimating the increase in mean annual cumulative FFDI (Table 5-1); (ii) estimating the increase in area
burnt using the relationship in Figure 5-6; and (iii) estimating the reduction in mean annual runoff as a result of the
increase in area burnt using the relationship in Figure 5-7. The estimated reductions in mean annual runoff as a result of
increased bushfire risk for the 18 MDB regions, for the second lowest, median and second highest result using climate
change projections from the six GCMs, are shown in Table 5-1.

Although these results are based on best available current knowledge, there are numerous assumptions involved and
therefore there is considerable uncertainty in the estimates. Bushfire risk is likely to increase in the future and in areas
where bushfires occur, runoff will reduce significantly as forests regrow. However, the broad assessment here suggests
that the impact on runoff from increased bushfires as a result of global warming by ~2030, averaged over a very large
region is unlikely to be significant. The impact of increased bushfire risk on mean annual runoff over the MDB varies from
zero to a 0.6 percent reduction in the median future scenario and from 0 to a 1.1 percent reduction in the second highest
future scenario (Table 5-1).

Table 5-1. Summary of broad assessment of impact of increased future bushfire risk on future runoff

Region Current Percentage change in future mean Percentage reduction in mean annual
mean annual cumulative FFDI runoff from increased bushfire risk
annual

cumulative  secong Median Second Second Median Second
FFDI lowest highest lowest highest

Paroo 5583 1 8 15 0.0 0.0 0.0

Warrego 5158 1 8 16 0.0 0.0 0.0

Condamine-Ballonne 3814 1 7 15 0.1 0.6 1.0

Moonie 3522 0 7 15 0.0 0.6 11

Border Rivers 2454 -1 6 13 0.0 0.3 0.8

Gwydir 2322 -1 3 13 0.0 0.0 0.4

Namoi 2466 -1 3 13 0.0 0.1 0.8

Macquarie-Castlereagh 2620 -2 3 13 0.0 0.1 0.7

Barwon-Darling 4216 -1 4 13 0.0 0.1 0.3

Lachlan 2952 -1 4 13 0.0 0.3 1.0

Murrumbidgee 1897 0 4 16 0.0 0.0 0.0

Murray 3037 1 5 13 0.0 0.4 1.0

Ovens 1834 2 6 17 0.0 0.0 0.1

Goulburn-Broken 1609 2 6 17 0.0 0.0 0.0

Campaspe 1988 1 6 19 0.0 0.0 0.1

Loddon-Avoca 2406 1 6 20 0.0 0.1 0.5

Wimmera 3058 1 5 15 0.0 0.4 1.0

Eastern Mount Lofty Ranges 2174 1 5 11 0.0 0.0 0.1
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Figure 5-5. Mean annual cumulative forest fire danger index (FFDI) for the historical climate (1980-2006) and percent change by ~2030
(second lowest, median and second highest using future climate data informed by six global climate models)
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6 Rainfall-runoff modelling for Scenario D

This chapter describes the methods used to estimate the future growth in commercial forestry plantations and farm dams
and the modelling of the impact of these developments on future runoff. There are four steps in Scenario D modelling: (i)
estimation of growth in commercial forestry plantations (~2030 relative to ~2005); (ii) estimation of the impact of
commercial forestry plantation development on Scenario C subcatchment runoffs to obtain Scenario Capiantations runoff
values; (iii) estimation of growth in farm dams (~2030 relative to ~2005); and (iv) estimation of the impact of farm dam
development on Scenario Cspiantations runoffs to obtain Scenario D subcatchment runoff values. The modelling is carried
out to estimate the impact of development on the extreme dry, median and extreme wet Scenario C runoffs to obtain
Scenario Ddry, Dmig and Duet runoff values.

6.1 Commercial forestry plantations

6.1.1 Estimation of future growth in commercial forestry plantations

Plantations here refer only to commercial forestry plantations. Other types of plantations, for example reforestation for
carbon sequestration and dispersed small forestry sites, are not considered in this assessment.

Commercial forestry plantation is an increasingly important land use in Australia. There are almost two million hectares of
plantations in Australia, an increase of 70 percent since 1994 (Parsons et al., 2006). The existing total commercial
forestry plantations in the MDB cover about 290,000 ha. Table 6-1 shows the areas of commercial forestry plantations in
the MDB and the projected increases by 2030. The development of forestry plantations will depend on opportunities and
current and future policies, and there will be considerable uncertainty in any projection of future growth. For this project,
the projection of future growth in commercial forestry plantations estimated by the Bureau of Rural Sciences (Parsons,
pers. comm., 2007), using data supplied by plantation owners and managers, is used.

Based on the projections in Table 6-1, the impact of increased commercial forestry plantations on future runoff is only
modelled for three MDB regions: Murrumbidgee (17,000 ha increase in plantations by 2030); Murray (33,000 ha); and
Eastern Mount Lofty Ranges (2000 ha). The projected increase in the other 15 MDB regions is small and will have
negligible impact on future runoff.

The increase in plantations in a MDB region is added based on the 0.05° x 0.05° modelling grid cells. The grid cells are
sorted by the mean biomass productivity estimated using the PROMOD model (Battaglia and Sands, 1997), and
plantations are added to the non-woody area of successive cells until the projected new plantation area is reached.
Plantations are not added to areas where the land use is classified as ‘natural forest’. The current vegetation and
plantation datasets used are the National Carbon Accounting System 2005 forest dataset and the Bureau of Rural
Sciences 2006 plantation dataset (BRS, 2006). For the Eastern Mount Lofty Ranges, additional information from the
South Australian Department of Water, Land and Biodiversity Conservation regarding water allocation is used in locating
the additional plantations in subcatchments.

6.1.2 Modelling impact of plantation development on runoff

The impact of plantation development on future runoff is modelled using the FCFC (Forest Cover Flow Change) model
(Brown et al., 2006; http://www.toolkit.net.au/fcfc). The methodology in FCFC is based on analysis of streamflow data
from small experimental catchments that have undergone large changes in forest cover (Brown et al., 2005). The steps
used in FCFC are: (i) calculation of the flow duration curve (FDC) for current forest cover; (ii) parameterisation of the
FDC based on the method in Best et al. (2003); (iii) estimation of change in mean annual runoff for the new plantation
forest cover based on Zhang et al. (2001); (iv) adjustment of the FDC parameters based on change in mean annual
runoff for the new plantation forest cover; and (v) adjustment of the current runoff series to reflect the change in the FDC.

The data required to run FCFC are the current and future forest cover, and the daily time series of rainfall, PET and
current runoff. The areas of current and future commercial forestry plantations have been described in Section 6.1. The
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same future daily rainfall and PET series used for the rainfall-runoff modelling are also used to run FCFC. The daily
runoff series used is the runoff estimated for Scenarios Cgry, Cmia and Cwet. The FCFC model then adjusts these series to
reflect the impact of the increase in commercial forestry plantations to provide daily runoff series for Scenarios

Cdry+p|antations, Cmid+p|antati0ns and Cwet+p|antations-

The modelling results indicate that commercial forestry plantations can impact significantly on runoff where they are
located. However, for the growth projections used here, the impact of commercial forestry plantations averaged over a
large region is relatively small. The biggest impact is 0.8 percent reduction in mean annual runoff averaged over the
Eastern Mount Lofty Ranges, followed by about 0.3 percent reduction in mean annual runoff averaged over the
Murrumbidgee region and the Murray region. The impacts of the small projected growth in commercial forestry
plantations in the other 15 MDB regions are negligible. However, as mentioned earlier, there is considerable uncertainty
in the projected growth of commercial forestry plantations.

Table 6-1. Existing areas of commercial forestry plantations in the Murray-Darling Basin and the projected increases by 2030

Native forests Plantation areas, 2005 (ha) Projected increase
and woodlands in plantation areas
(ha) Hardwoods Softwoods Total by 2030 (ha)

Avoca River 112,191 375 373 748 0
Border Rivers 1,519,054 0 2,206 2,206 0
Broken River 120,505 713 8,771 9,484 0
Campaspe River 66,329 850 409 1,259 1,000
Condamine-Culgoa River 5,446,152 145 883 1,028 0
Goulburn River 627,078 2,737 14,698 17,434 500
Gwydir River 764,682 0 680 680 0
Kiewa River 95,639 63 3,935 3,998 0
Lachlan River 2,409,542 0 31,050 31,050 0
Loddon River 250,598 971 3,791 4,762 1,000
Lower Murray River 1,672,466 201 1,771 1,972 2,000
Macquarie-Bogan Rivers 2,321,206 0 40,637 40,637
Murray-Riverina 217,720 0 125 125 0
Murrumbidgee River 1,503,902 4 107,119 107,123 17,000
Namoi River 1,456,304 0 5,751 5,751 0
Ovens River 421,942 838 19,036 19,874 0
Upper Murray River 1,026,565 151 41,661 41,812 33,000
Wimmera-Avon Rivers 468,311 297 357 654 0
Total 17,846,186 7,345 283,253 290,598 54,500

6.2 Farm dams

6.2.1 Estimation of existing farm dam storage capacity

Farm dams here refer only to dams that collect water from their own catchment, not those that store water diverted from
a nearby river, as the latter require licences and are usually included within existing river system models. The increases
in farm dam storage capacity by ~2030 relative to current (~2005) are estimated for each subcatchment in the MDB,
taking into account the policy constraints and the drivers for farm dam development. Except for the Eastern Mount Lofty
Ranges, the Statistical Local Areas (SLA), as defined by the Australian Bureau of Statistics in the Australian Standard
Geographical Classification 2001 (ASGC2001), are used as the primary units for estimating future farm dam
development.
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Figure 6-1 shows the sources of data used to estimate existing farm dam storage capacity, Figure 6-2 shows estimates
of existing farm dam storage capacity across the MDB, and Table 6-2 summarises the existing farm dam storage
capacity in the 18 MDB regions. For New South Wales, the existing farm dam storage capacity is estimated from the
satellite imagery captured between 2004 and 2006 and analysed by Geosciences Australia (2007). The farm dam
mapping by Geosciences Australia is ongoing, and the data made available to the project at 1 August 2007 are used
here. In areas where data are not available, the farm dam storage capacity is estimated based on the assumption that
the density of farm dams (ML/ha) is related to existing land use (Figure 6-1). For Victoria, the existing farm dam storage
capacity is estimated from Vicmap 1:25,000 scale topographic maps. For South Australia, the total farm dam storage
capacity for each management subcatchment is supplied by the South Australian Department of Water, Land and
Biodiversity Conservation (DWLBC). The relationship used to convert surface area for each individual farm dam (S in m2)
to farm dam storage capacity (V in ML) is V = 0.000145 x S*** (Sinclair Knight Merz, 2004a). A comparison of estimates
using this relationship with those from several other studies (Sinclair Knight Merz, 2004a; McMurray, 2004) for farm
dams up to 20 ML showed very little differences.

The total existing farm dam storage capacity estimated for the MDB is 2164 GL (Table 6-2) with the highest density of
farm dams in the eastern MDB. The only previous MDB-wide farm dam study is that undertaken by Agrecon (2005)
which digitised farm dams from satellite imagery for 84 square tiles across the MDB. The Agrecon data provides more
detailed information including historical farm dam growth rates, but covers only 1 percent of the MDB. The total existing
farm dam storage capacity of 2164 GL estimated for this project is remarkably similar to the 2000 GL estimated by
Agrecon, based on extrapolating information from a 1 percent sample of the MDB to the entire MDB.

In Victoria and Queensland, it is assumed that farm dams smaller than 5 ML are for stock and domestic purposes and
farm dams larger than 5 ML are for irrigation purposes. This is based on previous Victorian studies (Sinclair Knight Merz,
2004b) and on the rates provided in Fitzimon (2006) as guidance for Queensland farmers, where (assuming that a typical
stock and domestic farm dam would store two years worth of usage) a 5 ML farm dam would supply about four people
and 110 cows. By considering only farm dams less than 5 ML from the Geosciences Australia satellite imagery and
Vicmap topographic maps, and the population density, the average density of stock and domestic farm dams is 0.58
ML/person in Victoria and 0.32 ML/person in the eastern Queensland part of the MDB. The average density of stock and
domestic farm dam in the Queensland part of the MDB is likely to be lower than in Victoria because there are reliable and
accessible groundwater aquifers underlying most of southern Queensland that are widely used for stock and domestic
water supply.
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|:| MDB regions

Source of farm dam information

No estimate required

Capture of farm dams from satellite imagery
by Geoscience Australia (2007)

\:l Estimated from current land use

Total volumes supplied for each management
subcatchment by DWLBC (2007)

Capture of farm dams from Vicmap
topographic maps

Figure 6-1. Sources of data on existing farm dam storage capacity
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Figure 6-2. Spatial density of existing farm dam storage capacity
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Table 6-2. Existing farm dam storage capacity (GL), listed by data source, region and state

Region QLD NSW and ACT VIC SA TOTAL

Captured Estimated Total for
from GA based on NSW and
2007 data landuse ACT

Paroo 0 - - - - - 0
Warrego 75 - - - - - 75
Condamine-Balonne 263 - - - - - 263
Moonie 46 - - - - - 46
Border Rivers 79 77 0 77 - - 156
Gwydir - 113 0 113 - - 113
Namoi - 98 46 145 - - 145
Macquarie-Castlereagh - 22 219 242 - - 242
Barwon-Darling - 67 26 94 - - 94
Lachlan - 197 63 261 - - 261
Murrumbidgee - 217 134 351 - - 351
Murray - 6 67 73 21 - 94
Ovens = = = = 30 = 30
Goulburn-Broken - - - - 105 - 105
Campaspe - - - - 35 - 35
Loddon-Avoca - - - - 98 - 98
Wimmera - - - - 34 - 34
Eastern Mount Lofty Ranges - - - - - 22 22
Total MDB 2164

6.3 Estimation of future farm dam development

In Victoria and Queensland, current legislation limits future farm dam development in the MDB mainly to those for stock
and domestic purposes (Victoria Water Act, 1989; Queensland Water Act, 2000). It is assumed that current requirements
for stock and domestic water for existing landholders are met by current surface and groundwater infrastructure. Future
subdivisions of rural properties may, however, result in additional requirements for stock and domestic water, which may
include the development of new farm dams. To estimate future farm dam development in Victoria and Queensland, it is
assumed that the increase in the storage of farm dams is proportional to the projected increase in rural population. The
population growth for each Statistical Local Area (SLA) is estimated as the maximum of the projected population
between 2006 and 2030 relative to the maximum population between 2001 and 2006, using population data from the
Victorian Department of Sustainability and Environment (2004) and Australian Bureau of Statistics (2004). The maximum
population (rather than the population at 2030 and at 2006) is used because although farm dams may be developed to
meet the maximum population, it is unlikely that they will be removed if the population starts to decline. The farm dam
development by 2030 for each SLA is estimated as the projected increase in population in the SLA multiplied by the
existing farm dam density in the SLA. In Queensland, where there is insufficient data to estimate the existing farm dam
density for an SLA, the Queensland average of 0.32 ML/person is used.

In New South Wales, the future development of farm dams is dependent on three factors: current farm dam storage
capacity; an upper limit set by the harvestable right defined by the NSW Water Management Act (2000); and a
continuation in the observed historical growth rate of farm dams. The estimation of current farm dam storage capacity
has been described in Section 6.2.1. The Harvestable Right (HR) policy in New South Wales sets the maximum capacity
of farm dams that may be constructed on each individual property without the purchase of a water right. The intent of the
policy is that a farm dam capacity equal to the HR will intercept on average 10 percent of the mean annual runoff. To
estimate the HR for each parcel of land, the contour map of HR from the NSW Department of Natural Resources
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(supplied 7 March 2007) is converted into a grid of HR in ML/ha with a spatial resolution of 1000 m. The HR for each
parcel of land in the eastern and central divisions of the New South Wales MDB is calculated by multiplying the area by
the average of the HR for the cells that are in the parcel of land. In the estimation of HR, it is assumed that no farm dams
will be constructed in the dry western division of New South Wales MDB and in properties on incompatible land use
types such as conservation and natural environments, urban residential, roads and water. Prior to the implementation of
the HR policy in 1999, landholders could develop farm dams without significant legislative restrictions on the farm dam
capacity.

To estimate the growth rate of farm dams, data from Agrecon (2005) for 1999 and 2004, which cover less than 1 percent
of New South Wales, are used. The limited Agrecon data show a similar growth rate of 0.6 percent per year across New
South Wales except for several of the sample squares in the north-east where the apparent growth rate is significantly
higher. However, the Agrecon data do not explicitly distinguish between the different types of farm dams, and a large
proportion of the data from the Agrecon samples squares in north-east New South Wales are for farm dams that would
operate as off-stream storages, collecting water diverted from nearby streams or irrigation channels. As these are not
part of the definition of farm dams here, a growth rate of 0.6 percent per year (or 14 percent increase in farm dam
between 2006 and 2030) is used to represent farm dam growth across the entire New South Wales.

The increase in farm dam storage for each SLA in the eastern and central divisions of New South Wales MDB is
estimated by first calculating the available HR as the difference between HR and current farm dam storage capacity, and
then estimating the increase in farm dam storage as the lesser of 14 percent multiplied by either the current farm dam
storage capacity or the available HR. Table 6-3 summarises the existing farm dam storage capacity, HR, HR taken by
existing farm dams, available HR and the estimated increase in future farm dam storage capacity, averaged over each of
the eight MDB regions in NSW.

In South Australia, future farm dam development for the Eastern Mount Lofty Ranges (EMLR) is estimated for
management subcatchments defined by the South Australian Department of Water, Land and Biodiversity Conservation
(DWLBC), rather than for SLAs. There is currently a moratorium on future development of farm dams in EMLR while a
water management plan is being prepared, so the assumptions on farm dam development policy used here are based on
the policy that applied prior to the current moratorium and informal discussions with DWLBC. The future farm dam
development is estimated as the lesser of the following two amounts: (i) the increase in farm dam storage capacity based
on extrapolation of historical farm dam growth rate; or (ii) the policy limitation for the EMLR which states that future farm
dam and commercial forestry plantation development cannot reduce the estimated May to November mean runoff by
more than 30 percent. The projected farm dam growth rate estimated from the trend in historical data is about 1.9
percent growth per year, giving a projected increase of 46 percent from existing capacity by 2030. The May to November
mean runoff estimates are provided by DWLBC. The increase in farm dam storage capacity for each management
subcatchment in the EMLR is therefore estimated as the lesser of: (i) a 46 percent increase in farm dam storage
capacity; or (ii) the increase in farm dam storage capacity that will reduce the May to November mean runoff by 30
percent. The estimated total increase in farm dam storage capacity across the EMLR is about 16 percent.

Figure 6-3 shows the estimated increase in farm dam storage capacity by 2030 across the MDB. The largest projected
increases in farm dam density are in New South Wales, EMLR and central Victoria in the upland areas of the Campaspe
and Goulburn-Broken regions. The estimated increase in total farm dam storage capacity by 2030 across the entire MDB
is 219 GL, an increase of about 10 percent of current farm dam storage capacity. The increases in farm dam storage
capacity for the 18 MDB regions are also summarised in Table 6-4 and Figure 3-19.
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Table 6-3. Summary of projected increases in farm dam storage capacity (~2030 relative to ~2005)
in Murray-Darling Basin regions in New South Wales

Region Estimated Harvestable Harvestable  Available Projected Projections
existing farm  right (GL)  right taken by harvestable additional  as a percent
dam capacity existing farm  right (GL) dams to 2030 of existing

(GL) dams (GL) (GL) dam capacity
Border Rivers* 7 103 31 72 11 14
Gwydir 113 141 39 102 15 14
Namoi 145 200 57 143 20 14
Macquarie-Castlereagh 242 324 103 221 38 16
Barwon-Darling 94 131 31 100 13 14
Lachlan 261 322 127 195 37 14
Murrumbidgee 351 373 134 239 48 14
Murray* 73 80 24 56 11 15
Total for NSW part of MDB 1,356 1,674 546 1,128 193 14

*Only NSW part of the region

Projected increase in farm dam density (ML/km?)

0.0
0.5
1.0

20
10

Figure 6-3. Spatial density of projected increase in farm dam storage capacity (~2030 relative to ~2005)

© CSIRO 2008 Rainfall-runoff modelling across the Murray-Darling Basin = 55



6.3.1 Modelling impact of farm dam development on runoff

The conceptual daily farm dam model, CHEAT (Nathan et al., 2005), is used to model the impact of farm dam
development on daily runoff series in subcatchments across the MDB. The time series inputs required to run CHEAT are
daily rainfall, PET and runoff. The same future daily rainfall series used for the rainfall-runoff modelling are also used to
run CHEAT. The future APET series used for the rainfall-runoff modelling is scaled upwards (by 30 to 70 percent, one
scaling factor for each MDB region) to obtain point PET used as input to CHEAT. The daily runoff series used here are
the three Scenario C runoff series modified by the plantation impact described in Section 6.1 (Cdry+plantations, Cmid+plantations
and Cuet+plantations). The runoff inflows into individual farm dams are assumed to be proportional to the farm dam
catchment areas.

CHEAT performs a daily water balance for each farm dam in a sample that represents the projected future farm dam
development. The water balance for each dam considers inflows from the farm dam catchment area, rainfall falling
directly on the dam surface, evaporation losses from the dam, and water demand. New farm dams less than 5 ML are
assumed to be for stock and domestic purposes. The annual demand from each stock and domestic farm dam is
assumed to be half of the dam storage capacity and distributed uniformly throughout the year. New farm dams larger
than 5 ML are assumed to be for irrigation of crops or pasture. For these dams, it is assumed that 83 percent of the
storage capacity is extracted for consumption each year and that this demand is concentrated over the months of the
year with the highest rainfall deficit, defined as the difference between point PET and rainfall in each month of the year.
These demand factors for stock and domestic farm dams and irrigation farm dams are based on surveys performed by
Sinclair Knight Merz (2004b). The daily water balance computes the dam storage at the end of the day and the spills.
Seepage losses from the dam are assumed to be negligible.

The parameters specified for the CHEAT model of each subcatchment are the total increase in farm dam storage
capacity, the distribution of farm dam storage size, the upstream catchment area and the storage versus surface area
relationship. The estimation of increases in farm dam storage capacity has been described in Section 6.2.2. The increase
in farm dam storage capacity in a subcatchment typically comprises several dozen to several hundred new farm dams.
The distribution of farm dam size in the projected increase in farm dam storage capacity is assumed to be the same as
the current distribution of farm dam size. A two-part relationship is used to estimate the upstream catchment area (kmz):
upstream catchment area = 0.08 x farm dam storage capacity (in ML), for farm dams smaller than 5 ML; and upstream
catchment area = 0.4 + 0.0126 x (farm dam storage capacity - 5), for farm dams larger than 5 ML. This general
relationship used across the MDB is based on studies from four catchments in Victoria and South Australia. The farm
dam storage (V in ML) versus surface area relationship (S in m?) of V = 0.000145 x S***is used across the MDB
(Sinclair Knight Merz, 2004).

6.4 Results

Figure 6-4 shows the modelled reduction in mean annual runoff under Scenario Cmig+plantations Caused by the projected
increase in farm dams by ~2030 for subcatchments across the MDB. Table 6-4 summarises the farm dam modelling
results, averaged over each of the 18 MDB regions. The total projected increase in farm dam storage capacity by ~2030
across the entire MDB is 219 GL (or 0.21 ML/km? averaged across the MDB). The modelled impact of the future farm
dam development is a 0.7 percent reduction in mean annual runoff averaged across the MDB (or 0.17 mm).

There is considerable spatial variation in the projected increase in farm dams and the resulting modelled impact on mean
annual runoff. The biggest impact of farm dam development is in the Eastern Mount Lofty Ranges, with a 3 percent
reduction in mean annual runoff over the region. In Victoria, the projected farm dam development will reduce mean
annual runoff by 1.7, 0.8 and 0.4 percent in the Campaspe, Loddon-Avoca and Goulburn-Broken regions, respectively,
with negligible impact elsewhere. The impact of projected farm dam development in the eastern and central divisions of
the New South Wales MDB will reduce mean annual runoff by 1 to 1.5 percent. The small projected farm dam
development in Queensland has negligible impact on future runoff. The estimated impact of farm dam development on
future runoff for the projected future farm dam development across the MDB is small compared to the modelled climate
change impact on runoff.

The impact of farm dams is not spread uniformly within a year. Farm dams capture inflows over the wet season and the
water stored in the dams are then lost by evaporation and used for consumptive use, with losses and demands often
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concentrated in the dry season. In the southern MDB, the wet season usually commences in May or June and runs
through until October or November. Unless low flow bypasses are installed, the farm dams built in these areas capture
most of their runoff over May through July and these are the months when farm dams cause the largest reductions in
overall catchment runoff. In the Ovens, Goulburn-Broken, Campaspe, Loddon-Avoca, Wimmera and EMLR regions, the
farm dams would fill and typically spill during late winter and spring (typically August through November), so relative
reductions on runoff in these months are lower. Farm dams will capture any runoff occurring over summer and autumn,
although runoff events during these months are infrequent. The seasonal pattern of runoff is reversed in the northern
MDB, with the wet season occurring over summer and autumn and the dry season over winter and spring. Therefore in
the northern regions the seasonality of the impact is reversed from the southern ones, with the highest impacts occurring
over December through February. The Murrumbidgee, Murray and Lachlan regions can produce runoff in both the
northern and southern wet seasons, with the seasonal pattern of impacts in these three regions more uniformly
distributed across the year.

The largest source of uncertainty in estimating farm dam impact on future runoff is the uncertainty in projecting future
farm dam growth. The increase in farm dams is estimated by considering trends in historical farm dam growth and
current policy controls. There is considerable uncertainty both as to how landholders will respond to development policies
and how governments may set policies in the future.
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Table 6-4. Summary of farm dam modelling results, averaged over each reporting region (~2030 relative to ~2005)

Region Projected Reduction in  Percent reduction in
increase in mean annual  mean annual runoff
capacity by 2030 runoff over the
(GL) region (mm)
Paroo <1 0.00 0.0
Warrego <1 0.00 0.0
Condamine-Balonne 3 0.03 0.2
Moonie 1 0.11 0.7
Border Rivers 13 0.32 11
Gwydir 15 0.48 1.3
Namoi 20 0.32 14
Macquarie-Castlereagh 38 0.40 1.3
Barwon-Darling 13 0.02 0.4
Lachlan 37 0.30 14
Murrumbidgee 48 0.46 1.0
Murray 11 0.04 0.2
Ovens 2 0.46 0.2
Goulburn-Broken 9 0.56 0.4
Campaspe 3 0.95 1.7
Loddon-Avoca 3 0.14 0.8
Wimmera <1 0.01 0.1
Eastern Mt Lofty Ranges 3 0.87 3.2
Total MDB 219 0.17 0.7
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Paroo

Warrego
Condamine-Balonne
Moonie

Border Rivers
Gwydir

Namoi
Macquarie-Castlereagh
Barwon-Darling
Lachlan
Murrumbidgee
Murray

Ovens
Goulburn-Broken
Campaspe
Loddon-Avoca
Wimmera

EMLR

MDB

Table A. Summary of key modelling results for the 18 Murray-Darling Basin regions

Rainfall Runoff

Area 1895-2006 1997-2006 Difference 1895-2006 1997-2006 Difference

km? percent mm percent mm percent
35,587 3.3% 311 310 0% 17.4 15.6 -10%
76,615 7.2% 422 427 1% 7.2 6.6 -8%
136,642 12.9% 514 503 -2% 18.9 14.5 -23%
14,662 1.4% 528 541 2% 17.4 16.8 -3%
43633 4.1% 641 641 0% 32.4 32.2 -1%
24,947 2.3% 644 688 7% 40.6 47.9 18%
39780 3.7% 633 663 5% 24.4 28.6 17%
73453 6.9% 455 547 20% 34.6 32.9 -5%
142173 13.4% 328 339 3% 6.0 6.5 8%
85532 8.1% 461 425 -8% 23.1 17.6 -24%
87331 8.2% 530 471 -11% 54.3 37.2 -31%
207723 19.6% 340 313 -8% 24.0 18.9 -21%
7813 0.7% 1004 895 -11% 231.3 171.9 -26%
22337 2.1% 764 649 -15% 149.2 88.6 -41%
3961 0.4% 594 517 -13% 68.9 34.2 -50%
24918 2.3% 430 381 -11% 20.7 9.9 -52%
30640 2.9% 403 350 -13% 16.5 8.1 -51%
4693 0.4% 463 429 -7% 30.1 19.3 -36%
1,062,440 100.0% 457 440 -4% 27.3 21.7 -21%

coefficient

Appendix A: Summary of key modelling results

Runoff Contribution to

MDB*
percent

0.06
0.02
0.04
0.03
0.05
0.06
0.04
0.06
0.02
0.05
0.10
0.07
0.23
0.20
0.12
0.05
0.05
0.07
0.06

2%
2%
9%
1%
5%
3%
3%
8%
3%
7%
16%
16%
6%
11%
1%
2%
2%
1%
96%

* Percent runoff contribution is the percentage of total MDB runoff contributed by the region. The Snowy Mountains Hydroelectric Scheme contributes

4% to the overall total.
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Scenario C (runoff modelling results)

Dry Median Wet percent of percent of percentof percentof Increasein
results with ~ results  results with results with  plantations
runoff with runoff  runoff runoff
decrease increase decrease increase
>10% >10%
percent change from ha
Scenario A
-16% -2% 40% 53% 47% 47% 40% 0
-25% -6% 46% 60% 40% 40% 33% 0
-20% -9% 26% 60% 40% 35% 33% 0
-24% -10% 20% 60% 40% 60% 27% 0
-28% -9% 20% 67% 33% 53% 20% 0
-28% -9% 31% 67% 33% 53% 27% 0
-31% -6% 37% 67% 33% 47% 27% 0
-25% -6% 30% 60% 40% 40% 33% 0
-22% -2% 50% 60% 40% 33% 40% 0
-34% -10% 17% 67% 33% 60% 27% 0
-31% -9% 13% 67% 33% 60% 13% 17000
-37% -10% 7% 73% 27% 53% 7% 33000
-44% -13% 1% 80% 20% 60% 0% 0
-44% -13% -2% 100% 0% 60% 0% 0
-46% -16% -4% 100% 0% 67% 0% 0
-43% -16% 0% 100% 0% 67% 0% 0
-47% -17% 1% 87% 13% 60% 0% 0
-44% -15% 0% 93% 7% 67% 0% 2000
-33% -9% 16% 52000
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Scenario D

Increase in median runoff
farm dams
GL percent
change from
Scenario A
0 NS
0 NS
3 -9%
1 -11%
13 -10%
15 -10%
20 -7%
38 -7%
13 -2%
37 -12%
48 -10%
11 -11%
2 -13%
9 -14%
3 -18%
3 -17%
0 -17%
3 -18%
219 -10%
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