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Overview   

1. Post-fire debris flow mapping in southeast NSW forests
– Project objectives

– Debris flows and waterways: what is the issue?

– Mapping debris flows as a method for quantifying landscape-scale response to bushfire 

– Debris flow response in the Tumut and Tuross catchments

– Recommendations and ongoing model development

2. Tools for assessing and mitigating water quality risk from forest 
roads
– Project objectives 

– Forest roads and waterways: what is the issue?

– A model for assessing sediment delivery potential and mitigation options 

– Next steps and conclusion  



Post-fire debris flow mapping in 
southeast NSW forests



• To build a dataset for NSW that can be used 
in evaluating and modelling the impacts of 
bushfire on sediment delivery to waterways.
– using existing published methodology for 

mapping erosion events that was developed in 
earlier research projects in Victoria and ACT. 

– capitalize on the opportunity for data collection 
that emerged with a large and high-severity 
19/20 bushfires followed by several periods of 
intense rainfall. 

– inform further empirical analyses as well as the 
development and testing of post-fire catchment 
risk assessment models.

Objectives 



Recent bushfire events, a real concern for our waterways

Silva et al, 2022

Joehnk et al, 2021



Background: why study post-fire debris flows?  

Riley et al, 2022 - YellowstoneJones et al, 2014 – fire and rainfall regimes 

Episodic and patchy erosion 



Background: what are post-fire debris flows? 



Debris flow in Tambo River Catchment (Feb 2020)

DELWP, 2020 



Beechworth Fire –
Runoff generated 

Debris flows in SE Australia - regional context

Debris flow activity  

Fire

Flood

Periods of debris flow activity linked to regional 
hydroclimate (Nyman et al, 2019) 

The future…
• Intensification of ENSO: Stronger and more 

frequent La Nina and El Nino
• More downpours. 15-20 % increase in hourly 

rainfall intensities per every degree of warming 
• Higher temperatures and more days with 

extreme fire weather

Need baseline data to understand how catchments 
and waterways are impacted by regional 
hydroclimatic events and to identify how land 
management can contribute towards resilience

Nyman et al, 2021



Research → consolidating/understanding → predictive models



Debris flow mapping in southeast NSW –
Tumut

• Post-fire aerial imagery (10-15cm resolution) was captured for an 
area of about 1735 sqkm

• Large band of extreme fire severity fire (with full canopy 
consumption) 

• Mixed forest types (18% wet; 67% dry; 13% non-native)
• Mean annual rainfall 950 to 1350 mm
• Some areas with extensive unsealed road networks 



Debris flow mapping in southeast NSW –
Tuross

• Post-fire aerial imagery (10-15cm resolution) was captured for an 
area of about 737 sqkm

• Extreme fire severity in large proportion of the area 
• Mostly native forest (33% wet; 60% dry; 3% non-native)
• Mean annual rainfall 800 to 1000 mm.
• Few roads 



Debris flow mapping in southeast NSW

Debris flow 
initiation point

where it starts

Debris flow 
fan

where it ends



Debris flow densities in southeast NSW
Tumut Tuross



Debris flow densities in southeast NSW
Tumut Tuross
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Debris flow densities in southeast NSW

Effects of forest roads, land use and forest cover  – preliminary assessment  

Attribute Area 
(sqkm)

% of area Debris flow 
density 

(#/sqkm)

Vegetation
Wet forest 208 33 0.15
Dry forest 441 60 0.55
Non-native 20 3 0.00
Lithology
Igneous 372 50 0.03
Metamorphic 364 49 0.72

Attribute Area % of area Debris flow 
density 

(#/sqkm)

Vegetation
Wet forest 316 18 0.03
Dry forest 1162 67 0.58
Non-native 242 13 0.43
Lithology
Igneous 1345 78 0.41
Metamorphic 355 21 0.65

Forest roads

Forest type

Geology



Debris flow densities in southeast NSW
Tumut Tuross

https://portal.tern.org.au/
metadata/TERN/13884dec-
2031-4cdf-9041-
f1fe82210d77

https://portal.tern.org.au/metadata/TERN/13884dec-2031-4cdf-9041-f1fe82210d77
https://portal.tern.org.au/metadata/TERN/13884dec-2031-4cdf-9041-f1fe82210d77
https://portal.tern.org.au/metadata/TERN/13884dec-2031-4cdf-9041-f1fe82210d77
https://portal.tern.org.au/metadata/TERN/13884dec-2031-4cdf-9041-f1fe82210d77


Recommendations 
• Use datasets to conduct empirical analyses that quantify the relative 

importance of fire severity, terrain, aridity, geology, and anthropogenic 
factors in causing variability in debris flow frequency. Develop high-
resolution aridity index for NSW. 

• Develop conceptual models of sediment dynamics in forested 
catchments of NSW, considering disturbance events and management 
activities that might promote catchment resilience 

• Initiate research programs for quantifying sediment sources and building 
sediment budgets for forested catchments

• Facilitate a process for knowledge exchange and data sharing amongst 
relevant agencies and researchers

• Water quality monitoring programs coupled with opportunistic field 
campaigns to better understand the ecological implications and water 
supply risks associated with sediment pulses

McGuire et al, in review 



Neda Sharifi Soltani (neda.sharifisoltani@environment.nsw.gov.au) & Zacchary Larkin

Estuaries & Catchments Team | Water, Wetlands & Coastal Branch | Science, Economics and Insights Division |

Post-fire debris flow 
susceptibility model for 
NSW developed and tested 
using data and methods 
outlined in the NRC report. 

Logistic regression: 

• Aridity index layer 

• Slope (created based on 
DEM 5 meter)

• Fire severity 

• K-factor Rusle (soil 
erodibility factor)

• Geology (dominant 
lithology)

Debris flow 
likelihood 

High

Moderate

Low

Outcomes to date – susceptibility model v1



Outcomes to date
Neda Sharifi Soltani (neda.sharifisoltani@environment.nsw.gov.au) & Zacchary Larkin

Estuaries & Catchments Team | Water, Wetlands & Coastal Branch | Science, Economics and Insights Division |



Tools for assessing and mitigating 
water quality risk from forest roads



• To develop an evidence-based methodology to assess the 
effectiveness of forest road network design and management in 
reducing impact on in-stream water quality. Specifically: 
– apply existing methods to ensure forest road network design and 

management maintains catchment functions in providing high quality 
surface water. 

– Field component: establish a field survey method to assess the adequacy 
of existing road drainage to reduce soil erosion and protect water 
quality, 

– Field component: select and assess a sample of forest road networks 
across different forest tenures in NSW,

– present the findings and suggestions for the adaptation of forest road 
network design and management to improve mitigation effectiveness

• The methodology for evaluating the forest road network is 
developed as part of a broader program in the IFOA for 
monitoring and evaluating waterway health in relation to forest 
management and timber harvesting.

Objectives 



The issue: soil disturbance, roads and erosion

Forest road

In-
coupe 
roads 
and snig 
tracks

Log 
landing

General 
harvest area

Year: 0

Year: -2

Year: -10

Timber harvesting  coupe Catchment with roads and coupes

Road 
network 



  
 

The issue: soil disturbance, roads and erosion

Inadequate 
drainage → erosion 
from roads surfaces 

Crossings → Direct 
sediment input at 
stream crossings 

Channelized flow at 
drains → resulting 
in high connectivity 
with streams 

Lack of 
maintenance/rehab 
→ persistent 
erosion and slow 
recovery    



Management solutions 
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• Buffers to reduce connectivity between disturbed 
areas and waterways 

• Road design
– Drainage spacing to reduce erosion from road 

surfaces and to minimise point discharge at drains 
– Crowning to reduce surface runoff on roads 
– Drains and erosion control at crossings 
– Road placement 

• Seasonal closures

• Harvesting limits 

• Rehabilitation

Management solutions 



Forest road

In-
couple 
road

Year: 0

Year: -2

Year: -10

Harvest area Catchment 

Road 
network 

Management solutions – the role of models  

The forest road network is very large. Where 
do we focus our efforts to reduce risk? 



We designed a GIS toolbox to 
assess and quantify the risks 
to water quality from forest 
roads and to compare forest 
management practices. The 
tool’s input require ents are 
(1) a DEM of the catchment 
and (2) the road network of 
interest.

The toolbox has been 
developed in ArcGIS and 
outputs are generated through 
automated geoprocessing 
workflows. 

How much sediment delivery can I expect from my road network and how can 
this be best managed?

Forest roads toolbox: 
Evaluating road networks for water quality outcomes 



1. Erosion and runoff 
on roads

Sediment & 
discharge

3. Gully initiation 
Thresholds

5. Exponential decline 
in sed conc. with 
distance to drain

4. Probability of 
overland flow 
reaching stream

Sheridan and Noske, 2007

Hairsine et al, 2002
Croke et al, 2005

Ds

Dd

Croke et al, 2001

Forest roads toolbox: 
Evaluating road networks for water quality outcomes 



1. Erosion and runoff 
on roads

Sediment & 
discharge

3. Gully initiation 
Thresholds

5. Exponential decline 
in sed conc. with 
distance to drain

4. Probability of 
overland flow 
reaching stream

Sheridan and Noske, 2007

Hairsine et al, 2002

Croke et al, 2005

Ds

Dd

Croke et al, 2001

Forest roads toolbox: 
Evaluating road networks for water quality outcomes 



Forest roads toolbox: 
Evaluating road networks for water quality outcomes 

ArcGIS toolbox 1)

2)

3)



Crowning factor: 1, Storm AEP: 1 in 10 year Crowning factor: 0.5, Storm AEP: 1 in 10 year

Effects of crowning:

Forest roads toolbox: 
Evaluating road networks for water quality outcomes 



Crowning factor: 1, Storm AEP: 1 in 10 year Crowning factor: 1, Storm AEP: 1 in 50 year

Effects of rainfall event:

Forest roads toolbox: 
Evaluating road networks for water quality outcomes 



Permanent road, direct 
connection

Overgrown/recovered snig 
track

Forest roads toolbox: 
Cumulative impacts framework (conceptual)

What is the cumulative impacts of sediment transport in catchments due to forest 
roads and snig tracks? What are the sediment delivery trajectories for different 
management scenarios? 



Water quality monitoring site 
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Water quality monitoring site 

Log landing

Snig track

Single snig track and permanent road

In-coupe road

Coupe

Time since first harvest (years)
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Single press disturbance
• Sediment delivery remains 

permanently elevated above 
background levels

• Local variation dependent on 
traffic, vegetation, soil type 
etc
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Water quality monitoring site 

Multiple snig track and permanent road: 
staggered harvest

Water quality monitoring site 

Log landing

Snig track

In-coupe road

Coupe
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Concluding remarks  

• Codes/prescription/protocols/standards are important. They help ensure mitigation measures are in place and the 
sector appl   est practise in  anaging i pacts on  ater qualit .  ut t ere are circu stances   ere t ings don’t go 
to plan

• Wildfire, extreme rainfall events
• Lack of maintenance, limits on funding, 
• Roads for firefighting, built as part of emergency response. No time for planning. 
• Governance, legacy roads

• Models help us refine and focus our management interventions to achieve outcomes that factor in local conditions 
and uncertainty
– The sediment delivery threat from roads varies across landscapes
– The risk varies depending on the values we are managing for 
– The risk varies with rainfall conditions(and other bushfire disturbance), and this is not always considered in standards 

• Decades of field experimentation and empirical research provide us with the fundamentals to build models to help 
focus and refine our mitigation efforts. 
– Model development and testing is an ongoing process.
– There are low-hanging fruits in the tools that we have presented, that are sufficiently robust to improve the effectiveness of risk 

mitigation  



Concluding remarks   



What are the implications of these projects for forest 
management in NSW?

• Need to understand the management levers and our priorities
– Where are likely opportunities to intervene to protect the things we care about. e.g. 

• Ecological values 
• Water security for our cities 
• Recreation 

• Need a long-term, and a landscape scale focus to ensure strategies are effective 
and contributing towards resilience
– Enhance the ability of the catchments to function under increasing pressures from 

bushfire, drought, extreme rainfall and anthropogenic disturbance. 
– Move away from responsive mode. Think about the big picture. 

• Gaps in data and research. But low hanging fruits from better consolidation and 
synthesis of existing research. Need strong conceptual models and frameworks to 
guide our research efforts. 



We are passionate about the protection and restoration of 
waterways, catchments and water resources. We strive to 

make a positive difference to the world we live in.



Q&A
D r  P e t t e r  N y m a n ,  A l l u v i u m  S e n i o r  S c i e n t i s t

D r  P e t e r  H a i r s i n e ,  C e n t r e  f o r  W a t e r  a n d  L a n d s c a p e  
D y n a m i c s  a t  t h e  F e n n e r S c h o o l  o f  E n v i r o n m e n t  a n d  
S o c i e t y ,  A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y



Upcoming Webinars

W e b i n a r  2 :  F o r e s t  B i o d i v e r s i t y  - s p e c i e s  
m o n i t o r i n g  – 4  D e c e m b e r  3 - 4 p m
R e g i s t r a t i o n s  a r e  n o w  o p e n

W e b i n a r  3 :  F o r e s t  C a r b o n  - F o r e s t  c a r b o n  
o f  N S W  f o r e s t s  – 1 3  D e c e m b e r  1 2 . 3 0 - 1 . 3 0 p m
R e g i s t r a t i o n s  a r e  n o w  o p e n

T o  r e g i s t e r  p l e a s e  v i s i t  o u r  w e b s i t e  n r c . n s w . g o v . a u o r  
L i n k e d I n  p r o f i l e  “ N a t u r a l  R e s o u r c e s  C o m m i s s i o n ”

http://www.nrc.nsw.gov.au/


Thank you for  joining us today!

T h i s  w e b i n a r  w i l l  b e  a v a i l a b l e  s h o r t l y  o n  t h e  
C o m m i s s i o n ’ s  w e b s i t e  n r c . n s w . g o v . a u

T h e  C o m m i s s i o n  w i l l  p o s t  r e s p o n s e s  t o  u n a n s w e r e d  
q u e s t i o n s  o n  t h e  C o m m i s s i o n ’ s  w e b s i t e .  

A n y  f u r t h e r  q u e s t i o n s  o r  f e e d b a c k  p l e a s e  c o n t a c t  u s  
n r c @ n r c . n s w . g o v . a u
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