
A selection of publications 

A career that has included academic, commercial and policy advisory positions has resulted in partial 

recording of the publication record of Dr Coombes. This is particular relevant for the last seven years of 

employment as a managing director of a consulting company and as a government chief scientist. 

Nevertheless, Google Scholar has recorded at least 152 publications, 1,495 Citations, h-index of 20 and 

10-index of 37 which demonstrates high impact publications. The following Figure 1 also demonstrates 

increasing impact of publications. 

 
Figure 1: Cumulative citations of publications 

Note that the partial record in MS Academic Search indicates 41 publications with 237 citations and the 
recent joining of Researchgate has already recorded 115 publications, 450 citations, 2610 views and 260 

downloads which also indicates high impact publications. 

Ten influencial publications by Dr Peter Coombes 

Coombes Peter John, Argue J R, Kuczera George Alfred, ’Figtree Place: a case study in water sensitive 

urban development (WSUD)’, Urban Water, 1 (4) 335-343 (2000). Cited in 104 other publications. This 
investigation outlines the design, approval processes and monitored performance of an icon urban 

renewal project for Water Sensitive Urban Development.  

Micevski Tom, Kuczera George Alfred, Coombes Peter John, Argue J R, ’Markov Model For Storm Water 

Pipe Deterioration’, Journal Of Infrastructure Systems, 8, (2) 49-56 (2002). Cited in 101 other 

publications. This journal paper combines extensive field investigations, analysis of deterioration of 
infrastructure networks and audit of financial costs to develop non-linear relationships for long term 

behaviour of infrastructure with associated investment insights.  

Coombes Peter John, Kuczera George Alfred, Kalma Jetse Daniel, Argue J R, ’An Evaluation Of The 

Benefits Of Source Control Measures At The Regional Scale’, Urban Water, 4 307-320 (2002). Cited in 76 
other publications. This journal paper outlines the development of integrated systems analysis of the 



Lower Hunter and Central Coast water supply systems and associated economics that is based on “big 

data” inputs. 

Coombes Peter John. Rainwater tanks revisited: new opportunities for urban water cycle management. 

PhD Thesis at completed at University of Newcastle Australia (2002). Cited in 64 other publications. This 
thesis developed and demonstrated integrated systems analysis of water supplies systems for Newcastle 

and the Central Coast regions of New South Wales and associated systems economic methods. 

Coombes Peter John, ’Integrated Water Cycle Management: Analysis of Resource Security’, Water, 32 21-
26 (2005). Cited in 14 other publications. This journal paper used a Systems Analysis of the Greater 

Sydney water supply system to demonstrate the structure of a Systems Framework approach and to 
highlight related policy discussions influential in the development of the NSW State Planning Policy BASIX.  

Coombes Peter John, Barry M E, ’The effect of selection of time steps and average assumptions on the 
continuous simulation of rainwater harvesting strategies’, Water Science and Technology, 55 125-133 

(2007). Cited in 24 other publications. It is commonplace to analyse the performance of local scale 

measures including rainwater tanks using average assumptions in simulations at monthly or annual time 
steps. This investigation highlights that a range of current approximations used in analysis of local scale 

water strategies produces substantial differences in performance.    

Coombes Peter John. Energy and economic impacts of rainwater tanks on the operation of regional water 

systems. Australian Journal of Water Resources. 11 (2) 177-191 (2007). Cited in 9 other publications. 

This investigation included Systems Analysis of 14 water supply systems throughout New South Wales to 
develop physical and economic relationships for impacts of local scale solutions on regional water 

supplies.   

Peter John Coombes and Michael Barry. The relative efficiency of water supply catchments and rainwater 

tanks in cities subject to variable climate and the potential for climate change. Australian Journal of Water 
Resources (2008). Cited in 15 other publications. This study has analysed the relative efficiencies of 

runoff into dams supplying Brisbane, Melbourne, Perth and Sydney, and of rainwater harvesting in those 

cities. It is shown that both respond differently to drought and climate change forcing, with decentralised 
solutions demonstrating greater resilience to changing climate. 

Shah Vikaskumar, Dunstan Richard Hugh, Geary Phillip Milton, Coombes Peter John, Roberts Timothy 
Kilgour, Rothkirch Tony Brian, ’Comparisons of water quality parameters from diverse catchments during 

dry periods and following rain events’, Water Research, 41 3655-3666 (2007). Cited in 31 other 

publications. In this study, 12 catchments sites located along the north coast of New South Wales in 
Australia were grouped into the four categories of septic, cattle, sewage treatment plant  

(STP) and forested sites via cluster analysis of observations based on their land use patterns.   

Coombes Peter John, Kuczera George Alfred, ’Integrated Urban Water Cycle Management: Moving 

Towards Systems Understanding’, 2nd National Conference On Water Sensitive Urban Design, Brisbane 

Convention Centre, Brisbane (2002). Cited by 31 other publications. This publication utilises integrated 
systems analysis techniques to highlight that the water industry is operating in a “sub-optimal” operating 

and policy domain. A range of principles of development of Systems Analysis and policy solutions for 
integrated water cycle management are presented.    

Journal Articles  

Daniell K.A, Coombes Peter J., and White I. ‘Politics of innovation in multi-level water governance 

systems’. Journal of Hydrology. 519(C): 2415-2435. (2014). 

Morrow Abigail, Dunstan Hugh, Coombes Peter J., ‘Elemental composition at different points of the 
rainwater harvesting system.’ Science of the Total Environment; 408(20): 4542-4548. (2010) 
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Martin Anthony, Coombes Peter J., Harrison Tracey Lee, Dunstan Richard Hugh, ’Changes in abundance 

of heterotrophic and coliform bacteria resident in stored water bodies in relation to incoming bacterial 
loads following rain events’, Journal of Environmental Monitoring, 12: 255-260 (2010).  

Martin Anthony, Coombes Peter J., Dunstan Richard Hugh, ’Investigating the influences of season and 

coastal proximity on the elemental composition of harvested rainwater’, Water Science and Technology, 

61: 25-36 (2010)  

Lucas Steven Andrew, Coombes Peter J., Sharma A K, ’The impact of diurnal water use patterns, demand 
management and rainwater tanks on water supply network design’, Water Science and Technology: 

Water Supply, 10: 69-80. (2010). 

Evans Craig Andrew, Coombes Peter J., Dunstan Richard Hugh, Harrison Tracey Lee, ’Extensive bacterial 

diversity indicates the potential operation of a dynamic micro-ecology within domestic rainwater storage 
systems’, Science of the Total Environment, 407: 5206-5215. (2009).  

Lucas Steven Andrew, Coombes Peter J., Planner J, Welchman S, ’Rainfall harvesting and coal dust: The 
potential health impacts of trace elements in coal dust in rainwater’, Air Quality and Climate Change, 43: 

23-30. (2009). 

Evans Craig Andrew, Coombes Peter J., Dunstan Richard Hugh, Harrison Tracey Lee, Martin Anthony, 

Morrow Abigail Cecilia, ’Rainwater tanks and microbial water quality: Are the indications clear?’, Australian 
Journal of Water Resources, 12: 143-152. (2008).  

Thyer Mark Andrew, Hardy Matthew James, Coombes Peter J., Patterson Clinton, ’The impact of end-use 
dynamics on urban water system design criteria’, Australian Journal of Water Resources, 12: 161-170, 

(2008). 

Coombes Peter J., Barry M. E., ’The relative efficiency of water supply catchments and rainwater tanks in 

cities subject to variable climate and the potential for climate change’, Australian Journal of Water 
Resources, 12: 85-100. (2008).  

Shah Vikaskumar, Dunstan Richard Hugh, Geary Phillip Milton, Coombes Peter J., Roberts Timothy 

Kilgour, Rothkirch Tony Brian, ’Bacterial source tracking from diverse land use catchments by sterol 

ratios’, Water Research, 41: 3667-3674. (2007).  

Shah Vikaskumar, Dunstan Richard Hugh, Geary Phillip Milton, Coombes Peter J., Roberts Timothy 
Kilgour, Rothkirch Tony Brian, ’Comparisons of water quality parameters from diverse catchments during 

dry periods and following rain events’, Water Research, 41: 3655-3666. (2007).  

Shah Vikaskumar, Dunstan Richard Hugh, Geary Phillip Milton, Coombes Peter J., Roberts Timothy 

Kilgour, Von Nagy-Felsobuki Ellak Imre, ’Evaluating potential applications of faecal sterols in 
distinguishing sources of faecal contamination from mixed faecal samples’, Water Research, 41: 3691-

3700. (2007).  

Evans Craig Andrew, Coombes Peter J., Dunstan Richard Hugh, Harrison Tracey Lee, ’Identifying the 

major influences on the microbial composition of roof harvested rainwater and the implications for water 
quality’, Water Science and Technology, 55: 245-253. (2007. 



Coombes Peter J., Barry M E, ’The effect of selection of time steps and average assumptions on the 

continuous simulation of rainwater harvesting strategies’, Water Science and Technology, 55: 125-133. 
(2007).   

Kuczera George Alfred, Martin Lambert, Theresa Heneker, Shane Jennings, Andrew Frost, Coombes Peter 

J., ’Joint probability and design storms at the crossroads’, Australian Journal of Water Resources, 10: 63-

79. (2006).  

Barry M E, Coombes Peter J., ’Optimisation of Mains Trickle Topup Supply to Rainwater Tanks in an 
Urban Setting’, Australian Journal of Water Resources, 10: 269-276. (2006). 

Lucas Steven Andrew, Coombes Peter J., Hardy Matthew James, Geary Phillip Milton, ’Rainwater 
Harvesting: Revealing the Detail’, Water Journal of the Australian Water Association, 33: 50-55. (2006). 

Spinks Anthony T, Dunstan Richard Hugh, Harrison Tracey Lee, Coombes Peter J., Kuczera George Alfred, 
’Thermal inactivation of water-borne pathogenic and indicator bacteria at sub-boiling temperatures’, 

Water Research, 40: 1326-1332. (2006). 

Geary Phillip Milton, Shah Vikaskumar, Dunstan Richard Hugh, Coombes Peter J., Rothkirch Tony Brian, 

’Tracing faecal contributions from on-site wastewater systems’, Water, 33: 48-51. (2006).  

Evans Craig Andrew, Coombes Peter J., Dunstan Richard Hugh, ’Wind, rain and bacteria: The effect of 
weather on the microbial composition of roof-harvested rainwater’, Water Research, 40: 37-44. (2006). 

Hardy Matthew James, Kuczera George Alfred, Coombes Peter J., ’Integrated Urban Water Cycle 
Management: The UrbanCycle Model’, Water Science and Technology, 52: 1-9. (2005).  

Coombes Peter John, ’Integrated Water Cycle Management: Analysis of Resource Security’, Water, 32: 

21-26. (2005). 

Coombes Peter J., Kuczera George Alfred, Kalma Jetse Daniel, ’Economic, Water Quantity And Quality 

Impacts From The Use Of A Rainwater Tank In The Inner City’, Australian Journal of Water Resources, 7: 
111-120. (2003).  

Coombes Peter J., Kuczera George Alfred, ’Moving toward systems understanding of integrated water 
cycle management’, South African Journal of Technological Sciences and Engineering, (2003).   

Coombes Peter J., Kuczera George Alfred, Frost Andrew James, Geoff O'Loughlin, Stephen Lees, ’The 
Impact of Rainwater Tanks In The Upper Parramatta River Catchment’, Australian Journal Of Water 

Resources, 7: 121-129. (2003).  

Coombes Peter John, Kuczera George Alfred, Kalma Jetse Daniel, Argue J R, ’An Evaluation of the 

Benefits of Source Control Measures At The Regional Scale’, Urban Water, 4: 307-320. (2002).  

Coombes Peter J., Micevski Tom, Kuczera George Alfred, ’Deterioration, depreciation and serviceability of 
stormwater pipes’, Waterfall, (2002).  

Micevski Tom, Kuczera George Alfred, Coombes Peter John, Argue J R, ’Markov Model for Storm Water 
Pipe Deterioration’, Journal Of Infrastructure Systems, 8(2): 49-56. (2002).  

Coombes Peter J., Kuczera George Alfred, ’Strategic use of stormwater’, Waterfall, (2002)  



Kuczera George Alfred, Coombes Peter John, ’Towards continuous simulation: a comparitive assessment 

of the performance of volume-sensitive systems’, Waterfall, (2002). 

Coombes Peter J., Kuczera George Alfred, ’Strategic Use of Stormwater’, The BDP Environment Design 
Guide, 44: 1-10. (2001).  

Coombes Peter J., Argue J R, Kuczera George Alfred, ’Figtree Place: a case study in water sensitive urban 
development (WSUD)’, Urban Water, 1(4): 335-343. (2000).  

Coombes Peter J., Geomatics? Low Quality Students? The Australian Surveyor. 40(2): 149-152. (1995). 

Chapter in Book  

Coombes Peter J., Mitchell Grace, ’Urban Water Harvesting and Reuse’, Australian runoff quality : a guide 

to water sensitive urban design, Engineers Australia, Canberra, Australian Capital Territory, 6.1 - 6.15. 
(2006).  

Conference Publications  

Coombes P.J and M.E. Barry., Key insights from development of policies for integrated water cycle 

management that include stormwater in Systems Frameworks for Big Data analysis. 3rd National 
Conference on Urban Water Management. Stormwater Australia. Adelaide. (2014).  

Coombes P.J., A systems framework of big data driving policy making – Melbourne’s water future. 
OzWater14 Conference. Australian Water Association. Brisbane. (2014).  

Coombes P.J., S Want, and M. Colegate. Development of Policies for Water Cycle Reform in Greater 

Melbourne and Sydney. Water and Climate – policy implementation challenges. Canberra. (2012).  

Coombes P.J, and M.E. Barry, The impact of spatial and temporal averages on prediction of water 

security using systems analysis – towards understanding the true potential of WSUD. 7th International 
Conference on WSUD. Melbourne. (2012).  

Coombes P.J., Insights into Household Water Use Behaviours Throughout South East Queensland During 
Drought. 34th Hydrology and Water Resources Symposium, Sydney, NSW (2012) 

 
Coombes P.J., Integrated Systems Analysis to Create Evidence Based Policies for Water Cycle Reform in 
Greater Melbourne. 34th Hydrology and Water Resources Symposium, Sydney, NSW (2012) 

Peter Coombes, Karrena Bethke, Alan Cullen, Andrew Allan, Jamie Comley, and Francis Pamminger.
 

 A 
water smart plan for Doncaster Hill – Transforming a Principal Activity Centre into a key component of a 

sustianable City. Planning Institute of Australia National Conference. Coolum. QLD. (2011). 

Daniel K, P.J. Coombes and I. White. Multi-level governance and politics of innovation uptake in the 

water sector. 33rd Hydrology and Water Resources Symposium, Brisbane, QLD (2010) 

Coombes P.J., M. Colegate and K. Bethke. Integrated water cycle management at Doncaster Hill. 33rd 
Hydrology and Water Resources Symposium, Brisbane, QLD (2010) 



Thyer Mark Andrew, Duncan H, Coombes Peter John, Kuczera George Alfred, Micevski Tom, ’A 

probabilistic behavioural approach for the dynamic modelling of indoor household water use’, H2009: 
Proceedings of H2009, the 32nd Hydrology and Water Resources Symposium, Newcastle, NSW (2009) 

Micevski Tom, Thyer Mark Andrew, Coombes Peter John, ’Evaluation of a behavioural approach and a 

regression approach for the modelling of household-scale outdoor water use’, H2009: Proceedings of 
H2009, the 32nd Hydrology and Water Resources Symposium, Newcastle, NSW (2009)  

Lucas Steven Andrew, Coombes Peter John, ’Improving downpipe and gutter configuration on a 
residential dwelling to increase rainwater yield’, H2009: Proceedings of H2009, the 32nd Hydrology and 
Water Resources Symposium, Newcastle, NSW (2009) 

Lucas Steven Andrew, Coombes Peter John, ’Mains water savings and stormwater management benefits 

from large architecturally-designed under-floor rainwater storages’, H2009: Proceedings of H2009, the 
32nd Hydrology and Water Resources Symposium, Newcastle, NSW (2009)   

Lucas Steven Andrew, Coombes Peter John, Sharma A K, ’Residential diurnal water use patterns and peak 
demands: Implications for integrated water infrastructure planning’, H2009: Proceedings of H2009, the 
32nd Hydrology and Water Resources Symposium, Newcastle, NSW (2009) 

Lucas Steven Andrew, Coombes Peter John, ’The performance of infiltration trenches constructed to 

manage stormwater runoff from an existing urbanised catchment’, H2009: Proceedings of H2009, the 
32nd Hydrology and Water Resources Symposium, Newcastle, NSW (2009)  

Coombes Peter John, ’The use of rainwater tanks as a supplement or replacement for onsite stormwater 
detention (OSD) in the Knox area of Victoria’, H2009: Proceedings of H2009, the 32nd Hydrology and 
Water Resources Symposium, Newcastle, NSW (2009)  

Cui Lijie, Thyer Mark Andrew, Coombes Peter John, Kuczera George Alfred, ’A stochastic model for 

identifying the long term dynamics of indoor household water uses’, Proceedings of Water Down Under 
2008: Incorporating 31st Hydrology and Water Resources Symposium, and, 4th International Conference 
on Water Resources and Environment Research, Adelaide, SA (2008)  

Cui Lijie, Thyer Mark Andrew, Coombes Peter John, Kuczera George Alfred, ’A hidden state Markov Model 

for identifying the long term dynamics of indoor household water uses’, Rainwater and Urban Design 
Conference 2007, Sydney (2007)  

Hardy M, Kuczera George Alfred, Coombes Peter John, Barbour E, Jurd K, ’An evaluation of the 

performance of the application of the urbanCycle Model to a gauged urban catchment’, Rainwater and 
Urban Design Conference 2007, Sydney (2007)  

Lucas Steven Andrew, Coombes Peter John, Geary Phillip Milton, Dunstan Richard Hugh, ’Assessing 
catchment water quality: The 'Snapshot Study'’, 13th International Rainwater Catchment Systems 
Conference and 5th Water Sensitive Urban Design Conference. Proceedings, Sydney (2007)  

Lucas Steven Andrew, Coombes Peter John, Geary Phillip Milton, Dunstan Richard Hugh, ’Centralised and 

decentralised water infrastructure: The best of both worlds’, Symposium: Building Across Borders Built 
Environment Procurement CIB WO92 Procurement Systems. Proceedings, Hunter Valley, NSW (2007)  

Geary Phillip Milton, Lucas Steven Andrew, Shah Vikaskumar, Dunstan Richard Hugh, Coombes Peter 
John, ’Contaminant transport in surface and groundwaters from wastewater systems in a coastal 



catchment’, Innovation and Technology for On-site Systems: Proceedings of On-site '07 Conference, 

Armidale (2007) 

Geary Phillip Milton, Lucas Steven Andrew, Dunstan Richard Hugh, Coombes Peter John, ’Distinguishing 
wastewater contamination from on-site systems in mixed land use watersheds’, Individual and Small 
Community Sewage Systems XI, Proceedings of the Eleventh National Symposium, Rhode Island, NY 

(2007) 

Coombes Peter John, Barry Michael E, ’Efficiency of roof and traditional water supply catchments subject 
to climate change’, Rainwater and Urban Design Conference 2007, Sydney (2007)  

Morrow Abigail Cecilia, Coombes Peter John, Dunstan Richard Hugh, Evans Craig Andrew, Martin 
Anthony, ’Elements in tank water - Comparisons with mains water & effects of locality & roofing 

materials’, Rainwater and Urban Design Conference 2007, Sydney (2007) 

Barton Andrew Frederick, Coombes Peter John, Sharma A, ’Impacts of innovative WSUD intervention 

strategies on infrastructure deterioration and evolving urban form’, Rainwater and Urban Design 
Conference 2007, Sydney (2007) 

Barry M, Coombes Peter John, ’Optimisation of mains trickle topup volumes and rates supplying rainwater 
tanks in the Australian urban setting’, Rainwater and Urban Design Conference 2007, Sydney (2007)  

Lucas Steven Andrew, Coombes Peter John, Geary Phillip Milton, Dunstan Richard Hugh, ’Rainwater 

harvesting and wastewater reuse in peri-urban areas’, 13th International Rainwater Catchment Systems 
Conference and 5th Water Sensitive Urban Design Conference. Proceedings, Sydney (2007)  

Evans Craig Andrew, Coombes Peter John, Dunstan Richard Hugh, Harrison Tracey Lee, Martin Anthony, 
Morrow Abigail Cecilia, ’Roof harvested rainwater - Indicator organisms, water quality and risk 

assessment’, Rainwater and Urban Design Conference 2007, Sydney (2007)  

Thyer Mark Andrew, Hardy Matthew James, Coombes Peter John, Patterson C, ’The impact of end-use 

dynamics on urban water system design criteria’, Rainwater and Urban Design Conference 2007, Sydney 
(2007) 

Martin Anthony, Coombes Peter John, Dunstan Richard Hugh, Evans Craig Andrew, Morrow Abigail 
Cecilia, ’The passage of direct precipitation to rainwater storage: A case study’, Rainwater and Urban 
Design Conference 2007, Sydney (2007) 

Barton Andrew Frederick, Coombes Peter John, Rodriguez Jose Fernando, ’Understanding ecological 

response in urban catchments’, Rainwater and Urban Design Conference 2007, Sydney (2007)  

Lucas Steven Andrew, Coombes Peter John, Hardy Matthew James, Geary Phillip Milton, ’A comparative 
study of common uses of selected modelling tools for evaluating rainwater harvesting strategies’, 

Proceedings, Melbourne (2006)  

Lucas Steven Andrew, Coombes Peter John, Geary Phillip Milton, ’Continuous Simulation of Rainwater 

Tank, Wastewater Storage and Stormwater Runoff: The Influence of Climate Regimes, Water Demand 

and Diurnal Flow Patterns’, Conference Proceedings of Water 2006, Grand Hyatt Conference Centre, 
Auckland, NZ (2006)  



Coombes Peter John, Jayakody Changeeka, Anson Chris, Foster Geoff, ’Development, Analysis and 

Monitoring of a WSUD and IWCM strategy for The Groves project in Mernda Victoria’, 30th Hydrology & 
Water Resources Symposium: Conference Proceedings, Launceston, Tasmania (2006)  

Hardy Matthew James, Kuczera George Alfred, Coombes Peter John, ’Embedded Hierarchical Network 

Modelling: A Means to Integrate Across Scales and Systems’, Book of Proceedings - 7th International 
Conference on Urban Drainage Modelling and the 4th International Conference on Water Sensitive Urban 
Design (7UDM + 4WSUD), Melbourne (2006)  

Coombes Peter John, ’Energy and Economic Impacts of Rainwater Tanks in Urban Areas on the Operation 

of Regional Water Systems’, 30th Hydrology & Water Resources Symposium: Conference Proceedings, 

Hotel Grand Chancellor. Launceston, Tasmania (2006) 

Lucas Steven Andrew, Coombes Peter John, Hardy Matthew James, Geary Phillip Milton, ’Evaluating 
rainwater harvesting: Revealing the detail using a comparison of three models’, Conference Proceedings 
of Water 2006, Grand Hyatt Conference Centre, Auckland, NZ (2006)  

Evans Craig Andrew, Coombes Peter John, Dunstan Richard Hugh, Harrison Tracey Lee, ’Identifying the 

Main Influences on the Microbial Composition of Roof Harvested Rainwater and the Implications for 
Water Quality’, Book of Proceedings - 7th International Conference on Urban Drainage Modelling and the 
4th International Conference on Water Sensitive Urban Design (7UDM + 4WSUD), Grand Hyatt 

Melbourne, Melbourne, Australia (2006)  

Coombes Peter John, Dunstan Richard Hugh, Spinks Anthony T, Evans Craig Andrew, Harrison Tracey 
Lee, ’Key Messages from a Decade of Water Quality Research into Roof Collected Rainwater Supplies’, 

Hydropolis Conference, Burswood Entertainment Complex, Perth, Western Australia (2006)  

Shah Vikaskumar, Dunstan Richard Hugh, Geary Phillip Milton, Coombes Peter John, ’Limitations of Faecal 

Sterol Ratio Analyses in Distinguishing Sources of Faecal Contamination in Mixed Land Use Water 
Catchments’, Conference Proceedings, Melbourne, Australia (2006)  

Barry M E, Coombes Peter John, ’Optimisation of Mains Trickle Topup Supply to Rainwater Tanks in an 
Urban Setting’, Book of Proceedings, Grand Hyatt Melbourne, Melbourne, Australia (2006) 
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Systems: Revealing the Detail’, Proceedings, Hyatt Regency Auckland, New Zealand (2006)  
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contamination from the Myall River catchment, Australia’, Conference Proceedings of Water 2006, Grand 

Hyatt Conference Centre, Auckland, NZ (2006) 
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Coombes Peter John, Kozarovski P, ’Development of a regional model to understand the hydrological and 
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