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Introduction
This paper presents a hypothetical integrated stra
tegy using a whole-system framework in a time of 
increasing human population density and accelerat
ing climate change.1 Right now a whole-system per-
spective is needed to integrate spatial and temporal 
strategies (Hynes, 2020, pp. 176 & 181; 2021, p. 95) 
for resilience proofing these geographical regions2 

(Hynes, 2022, pp. 164–166). However, contradic-
tions emerge as management prescriptions suitable 
for flood and drought control and ecosystem resi
lience can conflict with wildfire control strategies. 
The following hypothetical case focuses on the 
period of the 2019–2020 drought conditions and 
fires and the recent period of exceptional rainfall and 
flooding 2020–2022. It assumes that preparation to 
address these events commenced around 1960 and 
that the judicious recognition of scale in achieving 
relevant management systems has been accommo-
dated in planning and development strategies.

This case assumes that commitment and funds at 
all levels of government have been present. Previ-
ously, neither of these conditions has been satisfied: 
historically and politically these critical prerequi-
sites have seldom been adequate or addressed in 
a timely way. We need to accept that all variables 
should operate across a full range of scales, and that 

this has been accommodated in all planning and 
control operations. This allows the narrative to pro-
vide a baseline from which we can consider catch-
up plans and an alternative integrated strategy for 
future crisis management. Acknowledging this, let 
us explore an approach that seeks to develop resi
lience against flood and drought, and then identi-
fies contradictions that may relate to fire control 
management or other competing land uses that 
emerge where overall strategies need refinement 
or rethinking.

Hypothetical Case
The Yeomans’ Keyline system (Yeomans, 1958) has 
been implemented on most rural, landholder-modified 
properties in SEQ and NE NSW since the 1960s. The 
application of this system retains a high percentage of 
any rainfall that is received on site, which in turn is 
fed by well-constructed, grassed keyline drains into 
multiple, carefully engineered small property-based 
dams; and the system creates additional soil depth 
and stable vegetation cover across the landscape with 
higher water-holding capacities. 

Legislation has been enacted and implemented 
to ensure no new settlements have been established 
on floodplains in the regions.

All extant unsecured natural and intact near-
natural biological communities and their supporting 
ecosystems have been secured in gazetted conser-
vation reserves and have ongoing, relevant and 
adequate whole-system management. These include 
innovatively engineered and maintained networks 
of access roads and fire breaks.

1 The first version of this paper was an unpublished background 
working document for the SE Queensland Community Alliance/ 
Royal Society of Queensland Seminar held on the Southbank 
campus of Griffith University in 2023.

2	 SEQ (South East Queensland); NE NSW (North East New South 
Wales).
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Where justified, and employing an evidence-
based approach, strategically located ponding weirs 
and carefully selected key diversion weirs linked to 
water-harvesting dams have been respectively built 
on and/or proximate to the main river systems and 
major tributaries, on ecologicaly resilient and geo-
logically feasible engineering sites in all significant 
sub-catchments. These provide storage to effectively 
pond floodwaters, store water for drought manage-
ment and provide accessible sub-catchment water 
supplies for water bombers during fire events.

First Nations people have been consulted and 
their views considered and thoughtfully incorpo-
rated in management plans. 

Worst-case scenario analyses have been con-
ducted; and, over time, this has resulted in crucial 
increases in existing weirs and, where practic
able, dam storage capacities. Monitoring gauges 
throughout all catchments have been established at 
appropriate locations and elevations, and are main-
tained and enhanced. These are effectively linked 
via reliable communication systems to flood-level 
prediction hubs throughout the regions. The overall 
pastoral and agricultural system is fit for purpose 
in a time of increasing climatic extremes, includ-
ing drought management and wildfire control. The 
BOM and associated groups are employing the most 
accurate predictive models and advanced commu-
nication technologies to ensure realistic informa-
tion is disseminated quickly to all citizens within 
the regions. Each rural property has implemented 
flood mitigation and drought and fire management 
plans, and all buildings are located on the highest-
feasible, geologically stable sites that also provide 
optimum fire safety. Each rural property has at least 
two functioning entrance and exit roadways.

Domiciles and other civic, commercial and indus-
trial infrastructures in potentially flood-prone areas, 
both rural and urban, have been relocated to higher 
ground or re-sited and securely anchored on stabi-
lised high poles. Older settlements (pre-1960s) and 
newer housing in their proximity have been sys
tematically relocated to suitable locations at higher 
elevations. 

However, when we return to our present reality, 
climate-change linked, extreme fluctuations (involv
ing repeated La Niña cycles) are causing unpre
cedented rainfall periods, both in duration and 
precipitation intensity, leading to three and, in some 

locations, four exceptional floods in succession, 
sub-ceded and interspersed with drought and fire 
events (after Hynes in prep., 2025).

This hypothetical case has included many of 
the crucial points presented in the comprehens
ive scholarly study by Quinn (2025, pp. 78, 79) in 
these Proceedings, which here are paraphrased in 
summary as ‘natural-system flood management that 
allows (makes) space for floodwaters’. However, it 
seems that a more developed, additional layer of inter-
ventions, which perceptively incorporate key issues of 
scale, spatially and temporally, in flood management 
coordination, will be required as we move into a future 
likely to experience an unprecedented acceleration in 
extreme patterns of climate change.

Discussion
Implementation of Fit-for-purpose Flood and 
Drought Management Schemes
Floodplain management prediction methods em-
ployed over recent decades can no longer be safely 
used as a guide to flood management for the pre-
sent and the near future. Hynes & Kennedy (1981, 
pp. 3–5, 7, Appendices A to E), using 1970s 50- 
and 100-year flood tables to predict safe levels for 
building sites in estate planning and development, 
did not account for the effects of a changing climate 
on flood intensities and levels. At the Noosa Park-
lands Estate, Tewantin (Hynes, 1977, pp. 7, 11, 15, 
16 & 25), several home sites were recently flooded, 
more than 45 years later. These sites were located 
at the edge of the central park, which is drained by 
a creek system that carries the main run-off flow 
near the affected sites. Here this is a single stream, 
and building sites previously deemed not in danger 
were flooded. Nevertheless, in this case the planned 
strategy could not, over this period, realistically 
accommodate the more extreme climate-change 
impacts. Greater frequency and extremes can be 
expected, so the identification and implementation 
of new fit-for-purpose tabulated methods of flood 
prediction in conjunction with astute land-use plan-
ning are essential. Again, it is emphasised that the 
judicious recognition of scale in management sys-
tems should be implemented in any planning and 
development scheme.

David Marlow (2020, pp. 115–117), in summa-
rising the characteristics of small water cycles, their 
importance and need for restoration, emphasised 
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that when ground cover has been modified in local 
catchments, this leads to lower water storage in soils 
and increased run-off, particularly from hardened 
surfaces in urban and in peri-urban areas. Over time, 
this modified situation dislocates the small water 
cycles of such locations.

Recognising this, Geoff Edwards (pers. comm., 
September 2023) made the point that “It’s entirely 
plausible that climate-enhanced rainstorm events 
are going to swamp any attempt at retaining water 
high in the catchments.” So, given retarding basins 
are a ‘tried and true’ method of protecting down-
stream areas from undue flooding, downstream 
dams for flood retardation purposes may come to 
be necessary. Nevertheless, they would need to 
be kept empty most of the time and not generally 
used for water supply; or, if not deemed neces-
sary, would at least be advocated by the engineers. 
The floods of 2020, 2021 and 2022, together with 
the two flood events of 2025 and the impacts of 
Cyclone Alfred, lend weight to his assertion. 

Edwards also queried the application of Yeo
man’s keyline system and Peter Andrews’ farm land
scape and water management rehabilitation approach 
(Andrews, 2006, pp. 95–101, 166–172, 176 & 190) 
because they focused mainly on paddock-to-property 
scales. My interpretation is that these approaches can 
contribute to incrementally scaled-up catchment and, 
in turn, regional flood, drought and fire management 
strategies. Seriously and competently implemented, 
these strategies could positively assist in the develop
ment of more resilient agroecosystems and near-
natural ecosystems and, in turn, more resilient land 
systems in these regions.

Edwards has posed another question: How can 
small water-cycle models be linked to modified, 
large water-cycle management to enable useful 
feedback on how to reconcile the two concepts? In 
response, as I have discussed more broadly else-
where (Hynes, 2020, p. 173; 2025; and Hynes in 
prep., 2025): It gets back to issues related to man-
aging the complexities and realities of scale!

Further questions flow: 

How broken is the overall water cycle?
What scale relationships, national and global, 
have been affected? 
Are they small water-cycle or large water-cycle 
scales, or both?

How frequent and how large will the future flood 
peaks be?

We can probably, with all our failures of managing 
floodwaters to date, including reliance on ‘conven-
tional wisdom’, develop some reasonable estimates 
of future peaks. All recent climate-change models 
(BOM/CSIRO, 2024, p. 29) propose that the overall 
climate will be drier in most of southern and eastern 
Australia, but the flood peaks could be higher. 
Droughts and wildfires are also likely to increase.

A major purpose of the keyline approach is to 
hold back as much incoming rainwater as practic
able across all properties involved. This has not 
been achieved anywhere on a scale larger than one 
or a few neighbouring properties (pers. comm., 
Geoff Edwards, May 2025). That is why I have in 
the first instance explored a hypothetical case.

In theory it is possible to hold significant amounts 
of rainfall, which could potentially become flood-
waters, on properties. However, different levels of 
vegetation cover exist across all catchments and 
sub-catchments and the land parcels that make 
them up. These include residual natural and re-
growth forest, lightly developed pastoral areas, 
properties supporting improved pastures, strategi-
cally developed multifunctioning farms, and peri-
urban and urban developed areas. Underlying these 
land-use types is a wide diversity of soils. These, 
very generally, range from deep loams on flood-
plains, shallow loams over impermeable bedrock, 
soils with peaty layers above shallow water tables, 
and acid sulphate soils in estuarine locations, to 
deep sands or conversely water-retaining clays and, 
importantly in South East Queensland, duplex soils 
with shallow top and subsoil strata overlying heavy 
clays (Beckman et al., 1987; soils@qld.au, 2022). 
To be effective, plans and actions need to accom-
modate the best-practice strategies for all compo-
nents of the land system mosaic.

A strengthened storage and retention infrastruc
ture can include weirs and both retention and diver-
sion dams, and these do not necessarily need to be 
large structures but parts of the regional flow con-
trol and ponding strategy. Hamlyn-Harris, (2019, 
Chapter 9, pp. 180–181) and Vietz & Hawley 
(2019, Chapter 12, p. 254) describe concepts and 
strategies that could be incorporated and scaled up 
in such regional plans and infrastructure schemes. 
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They address managing flow and storage over dif-
ferent rural vegetation cover types: forested, modi-
fied and developed; and water harvesting on stream, 
off stream and over aquifer entry zones. Natural 
flood management strategies have a significant role 
to play here (Quinn, 2025, p. 93).

Informatic infrastructure is also needed to en
able flood height monitoring, as a crucial input to 
the remote-to-central communication systems and 
in predictive modelling. While I am not a propo-
nent of more traditional dams as a matter of prin-
ciple, I consider that most proposals over the last 
decade or so in South East Queensland have not, as 
a matter of practicality, really been located on geo-
logically, geomorphologically or environmentally 
suitable or economically logical sites. Engineers 
would likely not agree with this viewpoint.

The cost and effectiveness of water management 
systems need to be integral to any plans. Too ambi-
tious a set of objectives can lead to project failure. 
Storage infrastructure design needs to ensure that 
water impoundment conditions with inadequate 
through-flow do not lead to eutrophication (Hynes 
& Wilson, 1982, pp. 6–10). 

The steep valleys of the eastern scarp under 
extreme or even heavy rain events quickly flood. 
I know of numerous people who have drowned or 
been swept away because they thought they could 
get from the coast to their home in the hills before the 
waters rose. They can rise quickly, and the crossings 
are usually extremely dangerous. Even the streams 
of the western edge of the range experience rapid 
flooding. On quite a few occasions over the years, 
our family has been flood-bound, sometimes for a 
few days, in the late summer by Barney Creek on the 
river flats of Moluccana Hills, a cooperative-owned 
property near Mt Maroon. I have also been flood-
bound on the northern side of Christmas Creek.

One point that is important is that with climate 
change we need to develop and implement inte-
grated management strategies that accommodate 
flood, drought, fire and the retention of secure local 
arable land for food production – not just one or 
two of these.

Infrastructure Relocation and the Management 
of Wildfire Risk
Regarding the issue of relocating housing and 
industrial buildings and infrastructure to higher 

levels to avoid peak floods: this strategy may locate 
buildings in places vulnerable to rapidly upward-
moving wildfires. For instance, the devastating fire 
that destroyed the historic Binna Burra Lodge in 
Lamington National Park on 8 September 2019, 
which started in tinder-dry downslope forest and 
verge vegetation, was driven by strong, upslope 
winds. The take-home lesson is as powerful as it 
is intimidating: when relocating, all domiciles and 
associated infrastructure need to take this vulner-
ability into account. In most cases, new houses 
in high-risk elevated sites are probably best built 
partly or almost completely underground.

The Breakdown, with Accelerating Climate 
Change, of Small Water and Large Water Cycles
Lawton (2023, p. 36) describes the “hydrologi-
cal cycle as a complex interconnected system that 
circulates freshwater between rivers, lakes, wet-
lands, groundwater, ice and water vapour in the 
atmosphere”. Marlow (2020, p. 115), in describing 
small water cycles, explains and shows concern 
that deforestation, agriculture and urbanisation in 
local areas accelerates rainfall run-off, drains the 
modified land and leads to the distortion of small 
water cycles, which in turn impact the integrity 
of large water cycles. Johan Rockström, at the 
Potsdam Institute of Climate Impact Research in 
Germany, who has recently conducted an analy-
sis of global water systems and the accumulated 
impacts of human activity on the rate of water 
extraction, is quoted in Lawton (2023, p. 36) as 
concluding that “humanity has broken the Earth’s 
Water cycle”. 

In the most recent assessment, it is con-
cluded that both fresh green-water and blue-water 
global boundaries, when combined as related to 
human water extraction, have been transgressed 
(Richardson et al., 2023). ‘Green water’ is a new 
category regarding the evaluation of planetary 
boundaries. To provide clarity, I have quoted the 
essence of the Richardson et al. text on this subject:

Freshwater change: To comprehensively reflect 
anthropogenic modifications of Earth system 
functions of freshwater, this boundary is revised 
to consider changes across the entire water cycle 
over land. We here use streamflow as a proxy to 
represent blue water (surface and ground water) 
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and root-zone soil moisture to represent green 
water (plant available water). Control variables 
are defined as the percentage of annual global 
ice-free land area with streamflow/root zone 
soil moisture deviations from preindustrial vari-
ability. The new green water component directly 
accounts for hydrological regulation of terres-
trial ecosystems, climate, and biogeochemical 
processes, whereas the blue water component 
accounts for river regulation and aquatic eco-
system integrity.

[…] Pending comprehensive assessment of 
impacts of different transgression levels of the 
blue and green water boundaries (e.g., reduced 
carbon sequestration capacity, climate regula
tion, and biodiversity loss; the boundary set
tings are preliminary and highly precautionary. 
Currently, ~18% (blue water) and ~16% (green 
water) of the global land area experience wet 
or dry freshwater deviations. Thus, in contrast 
to the earlier planetary boundary assessments 
where only blue water removal was considered, 
this new approach indicates substantial trans-
gression of the freshwater change boundary. 
Transgressions of both the blue and green water 
boundaries occurred a century ago, in 1905 and 
1929, respectively. Thus, with the revised defini-
tion of the control variables, fresh water would 
have been considered transgressed already at 
the time of the previous planetary boundary 
assessments.

For an overview of the initial process-linked boun
dary assessments, see Rockström et al. (2009). The 
above findings suggest that judicious caution and a 
rigorous whole-systems perspective is needed re-
garding the assumptions made and strategies imple-
mented to achieve effective management of climate 
change-influenced events, viz. flood, drought and 
fire in these regions. 

The future management of increasingly more 
erratic and fluctuating patterns of flooding in catch-
ments is a ‘wicked’ problem, as stressed by Quinn 
(2025, pp. 89, 91). The regions overviewed here 
have river sources and upper reaches that usually 
start high in elevated, near-natural land systems. 
Gradients often change abruptly from mainly forest 
ecosystems to modified agricultural and pastoral 
land systems early to midway in their downstream 

profiles, and then frequently into built-up peri-
urban and dense urban conurbations in lowland and 
coastal areas. These variously modified land uses 
result in novel ecosystems as described by Hobbs et 
al. (2006), with complex environmental histories. 
In turn, relevant complex flood management and 
fire management interventions are crucial if we 
are to minimise increasing risks to life and pursue 
plans to achieve more sustainable land systems.

However, even the river sources have been 
severely degraded, over a short history, by de-
velopmental impacts; for example, the degrading 
impacts of housing estate developments on rare, 
fragile Gondwanan rainforest in upper levels of 
Springbrook National Park, where the Queensland 
Government (Hynes, 1991, pp. 7–8) won a com-
pensation case for restoration.

Geomorphologically, these are young river sys-
tems compared to those typical of most catchments 
across the Australian continent.

More limited or restrained impacts on catchments 
that maximise natural flood management processes 
reduce long-term catchment maintenance costs. 

Lessons can be taken from natural vegetation 
successional processes, whether flood or fire man-
agement. Points raised by Stanton et al. in this 
volume (Stanton et al., 2025) provide insights that 
can be aligned with fire management approaches 
in the regions overviewed. On any site, vegeta-
tion can be in a state of unstable equilibrium. If 
natural successional processes are supported, the 
vegetation community can often move towards the 
‘original’ type. If the land-use interventions are too 
degrading, the vegetation will move away from a 
near-natural state and can be deflected or locked 
in a novel state. This is most obvious in modified 
rainforest, coastal and upland heathlands, and tall 
open-forest ecosystems (UDPA Planners, with 
Bligh, Jessup, Bretnall & Partners, 1978; Queens-
land Government, 1990; Hynes, 2016, pp. 15–17). 
The greater the magnitude and longer the duration 
of impacts, the further a system moves away from 
natural processes and the higher the economic 
restoration or management costs become (Hynes, 
2016, pp. 15–17). For these reasons, the argument 
for the incorporation of natural flood management 
strategies in action plans is strong and should be 
encouraged.
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Conclusion
If the foregoing or similar strategies were in place as presented in the case study, the regions addressed 
in this paper would have better endured these damaging events with stronger ecological resilience and 
relatively lower impacts and have been prepared for further cycles of flood, drought and fire associated 
with accelerating climate change. Sadly, this has not been the case, and we do not have this ideal situation. 
Extreme floods, droughts and fires will continue in our time. Therefore, integrated, strategically priori-
tised, fit-for-purpose action plans are crucially needed for each catchment, and accordingly need to be 
urgently and effectively implemented. These can be optimised using natural flood management strategies 
across whole catchments. Notwithstanding this, increasingly intensive land use, particularly over the last 
century, has seriously impacted these regions. Consequently, more interventions and technically advanced 
strategies will be needed than just using a natural-systems approach alone. This does not mean that natu-
ral flood management strategies should be avoided. In fact, conversely, they should be strongly fostered 
and maximised where possible. Clearly also, there needs to be better ecological and environmental input 
into planning schemes; schemes that are signed off by personnel with high-level scientific literacy. This 
presents an ongoing challenge.
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