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1 General Introduction

1.1 Background

The NSW Government has committed to ecologically sustainable forest management across all tenures
(national parks, state forests, crown land and private land) under the NSW Forest Management Framework.
On behalf of the NSW Government, the Natural Resource Commission (NRC) seeks to implement this
commitment through the implementation of the Forest Monitoring Improvement Program (FMIP).

The FMIP links monitoring, evaluation, and research to decision-making, both for policy and on-going forest
management in NSW. Evaluating the effectiveness of forest road network design and management in reducing
soil erosion and maintaining in-stream water quality is one of the aims of the FMIP. In addressing this aim, the
Commission is looking to deliver the following outcomes:

e ensure that best practice research, evaluation and monitoring methods are adopted where
appropriate and affordable,

e ensure that monitoring, evaluation, and research activities are adaptable to new evaluation questions
and evolving decision needs,

e enable cost-sharing and increase the cost-effectiveness of monitoring through collaboration between
NSW agencies and adoption of new technology,

e  build trust in processes and outputs amongst stakeholders and the community.

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

1.2 Project objectives and success criteria

The overall aim of this project is to develop an evidence-based methodology to assess the effectiveness of
forest road network design and management in reducing soil erosion and maintaining in-stream water quality.
The project objectives are specifically to:

o apply existing methods to ensure forest road network design and management maintains forest
environments as catchments providing high quality surface water,

e draw on peer reviewed literature to establish a field survey method to assess the adequacy of existing
road drainage (including stream crossings) to reduce soil erosion and protect water quality,

e select and assess a sample of forest road networks across different forest tenures in NSW,

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

To be successful, the method for assessing forest roads and water quality risk should be:
e cost effective and generate key metrics that enable the establishment of baselines and benchmarks
that facilitate comparative analysis across different tenures, locations, and times,

e robust and stand up to scrutiny from agencies/groups/users with contrasting views on the use of
forest,

e able to be applied broadly across different tenures and fit for purpose in that if the above is not
possible it can be adapted so that it is,

e suitable for optimisation of road network/design/practise in relation to water quality, logistical
constraints, and best-practice of building roads in forests.

1 Alluvium (2020) Review of the current state of knowledge for the monitoring of forestry impacts on waterway health in
NSW coastal forests. Report for the Natural Resources Commission. pp 1-33. December 2020.
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2 Methodology recommendation

2.1 Overview of modelling approach

This document outlines an approach for assessing the effectiveness of forest road network design and
management in reducing soil erosion and maintaining in-stream water quality. The methodology incorporates
the issues raised in the discussion paper?, has been shaped by the feedback received from the technical panel
review, steering committee meeting, and stakeholder workshop.

The methodology is based on earlier work (Croke and Mockler, 2001; Hairsine et al., 2002; Takken et al., 2008)
to assess forest road impacts on sediment delivery across different tenures and road types in NSW. The key
assumption with the proposed methodology is that a sediment delivery hazard can be effectively captured by
considering two processes: erosion on roads and associated drainage infrastructure and the probability that
eroded sediment reaches the streams.

The intent is to provide a modelling framework that can be implemented to achieve the following outcomes:

e To map sediment delivery hazard across different tenures in NSW using available data on terrain, road
networks, rainfall regime, drainage networks and road design guidelines. The regional-scale mapping
provides sediment delivery hazard maps for benchmarking and to focus and guide the field
assessments, not to produce quantitative estimates of sediment delivery.

e To provide detailed assessment of sediment delivery hazard in priority catchments using field
observations that provide more accurate input parameters with regards to delivery pathways, road
surfaces, traffic and drainage structures.

e To deliver quantitative understanding of priority areas for addressing sediment delivery hazard with
improved design and maintenance. The conceptual model and field assessment will guide
improvement to road network designs and maintenance through both operational and strategic
management interventions.

By outlining a robust modelling framework, we ensure that there is consistency in the overall approach to
assessing a road network, including field assessment, monitoring and mitigation. The concepts that underpin
the modelling are carried through to the design of field assessment and provide a mechanism for adaptive
management whereby new site-specific data on parameters and erosion responses are used to refine our
models over time. This helps ensure field assessments and monitoring activities provide value beyond the local
setting where the data is collected.

The framework currently considers sediment delivery processes from roads to operate independently of some
processes that are known to be important. For example, it does not consider disturbance from bushfire, spatial
variability in infiltration rates or differences in erodibility as result of geology. We have excluded these factors
from the modelling to arrive at parsimonious approach that is aligned with the data availability and best
available science. However, the model is developed by explicitly considering the dominant processes that
govern sediment delivery and is driven by physically meaningful parameters that can be adapted for different
road and catchment conditions. The proposed model is therefore flexible and can accommodate additional
complexity, should data on parameters and link to processes come available.

We note that linking erosion processes related to the road network to in-stream water quality parameters is
challenging to implement as part of a monitoring program. In-stream monitoring is costly and often ineffective
in identifying the dominant processes leading to impacts. However, where appropriate, our recommendation
for monitoring and evaluation program identify opportunities to gain insights by analysing historical records in
catchment that are instrumented to measure discharge, turbidity and suspended sediment.

2 Alluvium (2020) Discussion Paper: Evaluating forest road networks to protect water quality in NSW. Produced by Alluvium consulting for
the NRC.
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2.2 Linking model implementation, field assessment and monitoring
The program includes two key parts outlined in separate section below.

GIS-based mapping of sediment delivery hazard

The goal of the mapping is to provide a means for identifying hotpots where the likelihood of road and stream
linkage is high and where monitoring and evaluation of the road network should be prioritised. The mapping
uses data on road networks, stream networks, slope and rainfall regimes. Specifically:

e The mapping is based on published model components which utilises available datasets to estimate
sediment delivery to streams from road segments.

e The model is implemented using an approach that is aligned with the data that we can obtain without
field assessments.

e The model provides a reasonable approximation of sediment delivery hazard from road networks
given mean drainage conditions or when a specified road drainage regime is in place.

e Theintention is not to provide quantitative prediction of sediment delivery. Instead, the output from
this mapping provides an indication of relative sediment delivery hazards as governed by rainfall,
terrain, distance to streams and basic road parameters which there is available data.

Field assessments to identify opportunities for improvement

Field assessments to collect data (model parameters and sediment delivery hazards) for identifying
problematic parts of the road network and determine how elements of road design and maintenance can be
improved to reduce sediment delivery. Specifically:

e The field assessments collect field data to assess the degree of erosion and coupling between roads
and streams (gullied vs non-gullied, full vs partial linkage) using tested methods deployed in previous
work.

e Field assessments will measure drain location, layout of drainage ditches (single or double) and the
location of topographic maximums and minimums of the road. The field survey serves to get the hard
surface catchment area of each drain.

e The data from field assessment will be combined into a model of sediment delivery hazard for
individual road segments and scored to ascertain the relative contribution of road design and/or
maintenance to sediment delivery.

o For example, a road may be well maintained, but because of its placement, the sediment
delivery hazard remains high.

o Conversely, a road me be designed to effectively mitigate against water quality impacts but
presents a sediment delivery hazard due to poor maintenance.

Methodology for assessing sediment delivery hazard from forest roads networks 3
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Figure 1. Linking model implementation, field assessment and monitoring
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2.3 Task outline for field assessments

1. State-wide mapping of sediment delivery hazard from forest road network
Translate conceptual model into a set of GIS geoprocessing steps that can be applied using existing spatial data
and guidelines on road design. Implement the model for the NSW forest road network. The outputs from this
will be a series of hazard maps that can be used to help guide the selection of sites for detailed field
assessment. NOTE: model development, GIS workflow and state-wide implementation have been completed
(see sections 4, 5, 6)

2. Catchment selection for field reconnaissance
The state-wide sediment delivery hazard mapping will inform the selection of catchments that will be used to
test the field assessment methodology. Catchments with contrasting sediment delivery hazard and land tenure
will be selected. The selection will be governed in part by road density and overall steepness of the terrain in
which the road network is situated, as these two factors are high-level control on the degree of influence of
roads on sediment delivery to streams (e.g. Table 1). For the field reconnaissance, 2-3 contrasting catchments
will be selected.

Table 1. Matrix illustrating the link between topography, road density and sediment delivery hazard.

Steepness
low moderate high
low
Road
. moderate
density
High

3. Field reconnaissance
The purpose of the field reconnaissance is to develop an understanding of the practical aspects of surveying
erosion and sediment delivery hazard and ensure that the field methodology is aligned with what is achievable
in the field. Two catchments will be visited, and we propose participation by Peter Hairsine, Jefferey Bell,
Petter Nyman and Kurt Laboyrie. The two catchments will be identified in accordance with Table 1 to provide
contrasting cases. The field recognisance will answer the following questions:

1. Does the conceptual model match with what we see in the field?

2.  What can be achieved in a day in terms of surveying road drains and road to channel coupling
according to the tested methods (e.g. Table 2)?

3.  What are some opportunities and constraints in terms of efficiency in carrying out field assessments?
4. Are there aspects of the GIS implementation that we should revisit?

5. Do the GIS mapping match with field observations?

Table 2. An example of the field checklist to be populated key parameters and coupling indicators

Site Lat/long Road Road Hard Drain Drain Delivery Drain Drain Road
of road class material = surface spacing type pathway? blocked bypassed crowned
segments! width (Y/N) (Y/N) (Y/N)
1 Feeder = Gravel 10 100m Culvert = Gullied or
access dispersive
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1 all road topographic maximums and minimums will need to be mapped as rows to permit contributing hard
surface length/area to be calculated.’Gullied road discharge points: Discharge points where incision deeper
than 30cm occurs. Measured in terms of length (after Croke et al., 2005). Dispersive road discharge points:
discharge points where there is no incision, or it is less than 30cm in depth.

6. Draft field survey template and hazard mapping
The results from the preliminary assessment will guide the development of a final field survey template.. The
GIS approach will then be applied across 9 catchments selected according to the criteria in Table 1 and with
the criteria that they are accessible for field assessment. A subset of the 9 catchments may need to be
shortlisted for field assessment if the field reconnaissance indicated that 9 catchments is too much given the
available resources.

In finalising the assessment method, we are guided by the criteria that the approach:

e Provides data that is aligned with conceptual model of sediment delivery hazard
e Is practical and provides data inform road network improvement
e |s cost effective, balancing detail/robustness and the need to cover large areas.

e Scalable, delivering local scale information (e.g. for road segments) that can be aggregated to
composite measures that describe the overall sediment delivery hazard at the catchment scale

e Applicable to all tenures

The overall aim of the field assessment method is to evaluate the effectiveness of this methodology in its
broader application. Given our conceptual model of sediment delivery, which has been implemented in earlier
work, the field methods will be largely guided by existing methods described that literature (e.g.Takken et al.,
2008).

With regards to identifying opportunities for improvement there are two key sources of sediment that the
survey will focus on:

e The remediation of existing gullies by relocating drains and future gullies by adding more drains.
Gullies below road drainage outlets are major contributors to water quality problems (often hundreds
or thousands of tonnes of fine sediment) compared with sediment delivery via ungullied pathways as
described by Hairsine et al. (2012). Also, gullies are effectively permanent. This may leads to different
design criteria for the two distinct processes whereby drain spacing must ensure, for example that:

o that gullies must not occur in a 1: 100 year rainfall event
o non-gullied pathways should not connect in a 1:5 year event

e  Priority list of stream crossings to remediate. Stream and drainage line crossings are treated the same
as other road drainage outlets. However, they are likely to be many (typically 4 to 20) drainage outlets
in the vicinity of the crossing (often including outlets on bridges), and these are often highly
connected to the stream network.

7. Meeting with Steering Committee
We will present the outcomes of the risk assessment and mapping, our recommended pilot locations and
method to the steering committee prior to commencing the field survey.

8. Field Survey and Demonstration Pilot
The field assessment will be led by Soil Conservation Service (Kurt Laboyrie).

9. Pilot documentation

The outcomes of the field surveys will be documented, including any recommendations for improving the field
survey approach.

Methodology for assessing sediment delivery hazard from forest roads networks 6



3 Key considerations in development of methodology

3.1 Data constraints

A key constraint in monitoring and evaluation is the difficulty of collecting data to ascertain the effectiveness
of road design in mitigating sediment delivery rates to stream networks. Collecting catchment scale data on
water quality parameters is extremely resource intensive and often not feasible for routine-based assessments
of road impacts and mitigation effectiveness at large scales. Moreover, information in sediment transport from
catchment-scale experiments fall into the black-box category and without efforts to quantify sediment
provenance, they are typically inconclusive with regards to the exact mechanisms that drive changes in water
quality parameters (Croke and Hairsine, 2006).

In the concepts presented below, we approach the question of water quality impacts and monitoring in view
of this limitation in catchment-scale measurements. We use the concept of hydrological connectivity (Bracken
and Croke, 2007) as a means for understanding (and mapping) the intensity with which processes are likely to
cause increased sediment delivery to streams.

3.2 Connectivity and its implications for sediment delivery to streams

In the context of forest roads, hydrological connectivity is a concept for linking road-related erosion and runoff
processes to the net sediment outputs across multiple scales within catchments (Bracken and Croke, 2007;
Parsons et al., 2015). If a road network is decoupled or dis-connected from the stream network, the potential
impact of local road-related erosion and runoff processes on catchment scale response is minimal. Minimising
connectivity between road and stream networks is the therefore the main principle that underlie the water
quality mitigation strategies in BMP.

In terms of intrinsic attributes of the road network, the level of road-stream connectivity is a function of road
drainage spacing, road positioning in the landscape, and the hydraulic characteristics of the hillslope (Croke
and Mockler, 2001; Sidle et al., 2004). These are all important in determining the degree of road-to-stream
linkage:

e The road design (road width and drain spacing in particular) determines the volume of surface runoff
produced at drainage structures such as culvert and mitre drains. Longer and steeper distances
between road drains can mean more water discharge from roads onto the hillslope. More discharge
means higher probability of runoff travelling further downslope, and therefore potentially connecting
with the stream network. In steep slopes the concentrated discharge from roads can trigger an
expansion in the hydrological drainage network creating gullies between road and the stream
network.

e The road positioning determines how much distance there is between the road drainage and the
stream network. Given similar drainage spacing, a road traversing a hillslope 100m upslope from a
drainage line is less likely to deliver discharge and sediments into the stream network compared to a
road located 10m from the drainage line. Also, a road draining into converging topography is more
likely to produce gullies and concentrated flow travel a long distance downstream than a road
draining into diverging topography, where flows tend to be more dispersive.

e The effectiveness with which road connectivity is minimised through careful design is contingent on
maintenance. Connectivity can increase if the decoupling mechanisms (drainage structures, batter
stability, hillslope buffering capacity) fail or are not maintained.

3.3 Spatial association between drainage network and road networks

When developing concepts for evaluating road impacts on sediment delivery across all forest tenures in NSW,
an analysis of spatial association between roads and stream network provide a high-level insight into potential
impacts. Overall, across a catchment, a road network that has many segments that fall into close proximity of
stream networks is more likely to impact on sediment delivery than a network with fewer segment in close
proximity to streams (Figure 2). In dissected uplands, for example, with high drainage density, the association
between roads and streams would be stronger than it would in a low relief landscape with fewer drainage

Methodology for assessing sediment delivery hazard from forest roads networks 7



lines. The degree with which potential impacts translate to actual sediment delivery can be conceptualised at a
much finer scale, for individual road segments.
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Figure 2. Spatial association between drainage network and road networks provide a high-level indicator of potential road
impacts on sediment delivery to streams. (left) Effect of increasing draining densities of the road network (dashed lined) and
the stream network (solid line) on the number of road-segment crossing in a landscape. Blue dashed line indicates where on
the road network there is a potential for road-stream coupling. (right) Spatial patterns of peak-flow disturbance patches
(greater effect in shaded tones) created by road network (dashed lined) and the stream network (solid line). From Jones et
al (2000).

3.4 Connectivity between road segments and streams

For a given road segment where there is potential for impact, the connectivity between the road and the
stream can be described in terms of road-to-channel linkages, which characterise the degree to which roads
are hydrologically linked to the receiving waters. As per Croke et al (1999) these linkages can be:

e  Full channel linkage, where a gully extends the entire distance from a discharge point, like a drain or
culvert, to a stream.

e  Partial channel linkage, where the incised pathway terminates some distance down the hillslope,
often coinciding with a change in slope towards the valley bottom, or with the presence of an
obstruction such as a fallen tree or debris mound.

e No channel linkage, where the discharge disperses as it leaves the source area and there is no
morphological evidence of any concentrated flow.

e Direct linkage, where runoff and sediment reach the stream directly at stream crossings (fords or
bridges). Road stream crossings increase the potential for sediment delivery as it is where sediment
sources are often combined with the shortest delivery pathways, which inherently reduces the
opportunity for infiltration, trapping or diversion of sediment laden runoff (Lane and Sheridan, 2002).

For modelling purposes, the two types of sediment delivery pathways that need to be considered separately
are:
e incised channels or gullies, where flow is concentrated, resulting in high sediment-transport capacity
and runoff delivery downslope

e non-channelized (or diffuse) pathways, where water disperses or spreads across the hillslope,
reducing flow depth, velocity and, consequently, the ability of the flow to transport sediment

Dispersed delivery extends typically up to 30m while direct channel has been found to extend up to three to
four times as much (Croke et al., 2005; MacDonald and Coe, 2008).

Methodology for assessing sediment delivery hazard from forest roads networks 8
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Figure 3. The range of potential linkage categories within a forested catchment - from full channel, partial channel, and no
channel linkage, to the direct linkage that occurs at a ford or bridge crossing. These categories can be used to determine the
degree to which major sources like roads and tracks, are linked to stream (Croke et al, 1999).
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4 Sediment delivery model

4.1 Model overview

The conceptual model in (Figure 4) illustrates how the proposed framework captures the key processes which
lead to sediment delivery from forest roads. The method considers four key processes and draws on published
relationship and analytical tools to quantify how those process vary across the road network.

1. Erosion and runoff on roads (Sheridan and Noske, 2007)
2. Gully initiation thresholds (Croke and Mockler, 2001)
3. Probability of overland flow reaching stream (Hairsine et al, 2002)
4. Exponential decline in sediment concentration with distance to drain (Croke et al, 2005)
Sheridan and Noske, 2007 -, Erosion and runoff _ Croke et al, 2001
on roads
Gully initiation
Thresholds
Ve P Croke et al, 2005
— Road aischarge 1” ‘ e
ll Exponential decline
in sed conc. with
distance to drain
»
D,
Hairsine et af, 2002, " robability of .

overland flow
reaching stream

Figure 4. How each key process relates to one another in the conceptual model

When implanted using design storms, the outputs provide a measure of sediment load (in kg) reaching the
stream from each road segment on the network. While this is a quantitative model, the results are associated
with large uncertainties that stem from data inputs, assumptions and parameters estimates.

NOTE: In the absence of model calibration and testing, the results should be interpreted in a qualitative sense
and used to assigns hazard scores to road segment from 1 (very low) to 5 (very high).
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4.2 Erosion and runoff on roads (Sheridan and Noske, 2007a)

This component is developed from Sheridan and Noske (2007 who measured sediment generation from roads
by capturing runoff and sediment at drainage outlets. 20% of the experimental sites comprised of a catchment
area of the road surface only, while 80% incorporated not just the road itself, but also the adjacent features
such as the table drain, cut slope and culvert. Overall, the study resulted in equations which can be used to
approximate sediment delivery rates for gravel surfaced forest roads when the rainfall, road slope, road area
and truck traffic are known (Figure 5).

0O 20 40 60 80 100 10 20 30 40 50
Trucks per Week tons/hectare.year

Figure 5. Nomogram for estimating the annual sediment load from gravel surfaced forest roads.

Outputs: The output from this model is the mean annual sediment produced (in kg) by a road surface. We
consider this annual mass of sediment to be what is available for transport into streams for a given
design storm.

Inputs Traffic This determined how much sediment is available for erosion -more traffic — more
erosion

Poor data on this. Invoke to assumption about road type and traffic.

Annual Rainfall. More rainfall means more erosion
Data from BoM

Road slope Steeper roads generate more sediment

Data obtained by extracting elevation at both ends of 100m road segments and
using 30m SRTM DEM

Assumptions: The model is applied to all forest road surface types, including natural and gravel. Developed for a
rainfall energy in the range 1500-2000 MJ mm/ha/hr/year. The model is developed for gravel roads so
this model may over and underpredict erosion rates for roads with natural surfaces. Implementing a
state-wide model of road erosion that takes into account the road surface type is not feasible given
data constraints. However, the structure of the model lends itself to being updated with this
information.

Assumes all sediment generated from the road in a given year is available for redistribution by the 10-
year event when it occurs

Coarse and fine sediment are not separated and soil type in the areas between the road and stream are
not considered. This means that differences in connectivity as dictated by geology/soils are not
considered in the model. The peer-reviewed literature does not currently support a methodology that
explicitly considered soil type in assessing sediment delivery hazard. However, an overlay of readability
can be used a qualitative indicator of where, for a given hazard, the risk of impact to waterway is high.
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4.3 Gully initiation thresholds (Croke and Mockler, 2001)

The extent of road to stream linkage can be measured in terms of channelled and non-channelled flow paths.
When these flow paths are analysed in terms of their contributing road area and the discharge gradient, a
threshold value for channel (or gully) initiation can be derived (Figure 6).

3504 4 Nolinkage

0 Full linkage
3004
—— Threshold line

g 2504
£
o =]
5 2004 o
=]
£
é 1504 =} °
T
Q o
O 1004 g
50¢ °

00 01 02 03 04 05 06 07 08 09 10

Discharge hillslope gradient (tan 0 )

Figure 6. Fitted threshold curve separating channelled and non-channelled road drains for the study area (Croke and
Mockler 2001).

Outputs: This model provides a binary indicator of gully initiation threshold exceedance. We consider the yes or
no value to determine the type of overland flow (gullied or dispersive) downstream of the drain.

Inputs: Road Slope. Based on the difference in elevation of the endpoints (Derived from the SRTM
DEM) divided by the length of each road segment (100m).

Drain spacing. Drain spacing a determining factor of runoff volume at drain outlet.

Drain spacing is assumed for each road type based on relevant tenure guidelines.
Some guidelines inform minimum spacing of road drains based on slope and soil
erosion classes, however only slope is considered in this model.

Road width Road width is a determining factor of runoff volume at drain outlet.
Data sources unclear, but we have enquired with NRC.

Slope below The slope is required to determine if the conditions at the drain outlet means that
road the gully initiation threshold is exceeded.

The downstream slope is derived from a slope determination algorithm (TauDEM
D8 Slope) applied to the conditioned DEM. The mean slope within 10m of the road
segment, one either side, is assumed as the slope downstream of the road.

Assumptions:  This threshold has been shown to vary between studies. The threshold curve utilised does not consider
other variables, such as hillslope curvature and fire regime. Coincidence between timing of rainfall and
road construction would also have an impact on gully development.

Based on the measurement of the length of D8 drainage pathways as determined through the TauDEM
GIS processing tools.

We assume that the drain spacing modifiers, which are based on soil erodibility and stability class as
outlined in the Soil Conservation Service Fire trail design manual, do not apply

We assume that road width is a function of road type
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4.4 Probability of overland flow reaching stream (Hairsine et al, 2002)

This study uses the concept of volume to breakthrough to develop a simple statistical representation of the
spatial extent of plumes from road drain outlets. With knowledge on the likely runoff and spatial distribution
of roads and streams the equations support the prediction of which outlets are most likely to contribute
overland flow and associated sediment delivery to streams. The equations emphasize the trade-off between
intercross-bank and available hillslope length for flow dispersal (Figure 7).

—— 13 mm runoff from snig track (~2 year event for T=30 mins)
-+ 27 mm runoff from snig track (~10 year event for T=30 mins)
— — 53 mm runoff from snig track (~100 year event for T=30 mins)

na
=
=}

\\
N\

N
N

.
(=]

na w
=1 =1

below cross bank outlet (metres)

mom m o

Predicted minimum available hilllslope length

5 6 8 10 20 30 40 50 60 80 100 200

Interbank length (metres)

Figure 7. An example of how interbank length performs under three different runoff rates. The greater the interbank or
outlet spacing, the greater the length of drainage pathway required to avoid delivery to stream.

Outputs:

Inputs:

Assumptions:

A prediction of mean plume lengths and the mean volume of overland flow reaching the stream.

Rainfall intensity 30-minute design storm from BOM (10 year event)

Road infiltration rate Assumed to be fixed at 12 mm/hr as per Takken et al 2008.

Mean volume to breakthrough (vbt5
Mean)

A constant used to determine the plume length for a given
discharge at drain outlet

Measured in wide range of forest types and considered
random variable that is widely representative of infiltration
in undisturbed forests

Distance between drain outlet and
stream

This is the slope length along the flow D-8 direction
measured using a 30m DEM. We use 30m DEM as this is
available for all of NSW.

The overland flow leaving the cross-bank is non-eroding. This requires that the resistance of the GHA
surface be such that incision does not occur (Hairsine et al., 2002).

The behaviour of the 5-m segments of hillslope containing the plume is representative of the
hillslopes within the compartments. This implies that the concentration of flow resulting from the
cross-bank and that occurring 5 m downslope are identical in terms of their effect on the spatial
distribution of vbt5. It also implies that the distribution of soil hydraulic properties in the plume area
as influencing the calculated values of vbt5 are representative of those of the compartment (from
Hairsine et al., 2002).

The values of vbt5 for adjacent plume areas are spatially independent, although drawn from the
same population (Hairsine et al., 2002).

vbt5 describes all losses of overland flow. This assumption neglects any losses occurring after the
time of breakthrough (Hairsine et al., 2002).

All hillslope lengths are greater than interbank lengths, so it is assumed that overland flow plumes
from a sequence of cross banks do not connect with one another (Hairsine et al., 2002).

Methodology for assessing sediment delivery hazard from forest roads networks 13



4.5 Exponential decline in sediment concentration with distance to drain (Croke et al,
2005)

This study describes the nature of sediment concentration changes with distance downslope to reveal the
importance of runoff infiltration in reducing sediment fluxes to streams. A relationship from initial average
sediment concentration for both dispersive and gullied pathways was determined from a sample set (Figure 8).
These relationships can be utilised to estimate the sediment concentration of plumes as they reach and or
breakthrough to the stream.

1404 {a) " ° --o-- Dispersive
130 s —a— Gullied

Sediment Concentration as
a percentage of Cr, (g.L°")

0 10 20 30 40 50 60 70 80 80 100
Sample distance as a
percentage of total plume length

Figure 8. The exponential relationship between initial sediment concentration for both dispersive and gullied pathways
(Croke et al, 2005).

Outputs: Sediment concentrations of overland flows which reach or breakthrough to stream

Inputs: Initial sediment Determined as the combination of road runoff from 10-year storm and
concentration mean annual sediment generation from road surface
Distance to stream This is the slope length along the flow D-8 direction measured using a 30m

DEM

Percentage of plume Calculated from the predicted plume lengths (gullied and dispersive) from
lengths which reach the the Hairsine et al., (2002) model and the distance to stream.
stream

Parameter describing the  Obtained for gullied and dispersive flows from field experiments in Croke

exponential decline in et al 2005
sediment concentration
with plume length We use the exponent for all sediments (not just fines)

Assumptions: Some of the assumptions listed in Hairsine could result in the overprediction of plume length, therefore
representing a conservative estimation of sediment delivery (Croke et al., 2005).

Assumes road runoff volume from 10-year rainfall event and the annual road erosion rate from
Sheridan and Noske, (2007) combine to give initial suspended sediment concentration
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5 GIS implementation

5.1 Overview

Utilising the conceptual model as outlined above, a numerical model estimating sediment delivery of a forest
road network is possible through a six-stage combination of GIS and spreadsheet-based data processing
(Figure 9):

1. Stage 1 conditions the Digital Elevation Model (.TIFF) to allow for distance to streams calculation.

2. Stage 2 involves the harmonisation of the various roads vector files (.shp) into one cross-tenure roads
file which is then converted into equal length segments and buffered zones for subsequent processing
stages.

3. Stage 3 utilises the zonal statistics tool to gather the mean values of available raster datasets (such as
annual rainfall and rainfall intensity) for each buffered road segment.

4. Stage 4 takes the segmented road lines and populates their attribute table with key parameters,
including those from the buffered road segments which were previously sampled in Stage 3.

5. Stage 5 takes the attribute data from the parameterised road segments shapefile into Excel to feed
the model equations sourced from the literature mentioned.

6. Stage 6 joins the processed model outputs and reintegrates them with their corresponding road
segments in GIS to produce a heatmap of modelled values.

1. Raster
Processing
(DEM)

3. Raster 4. Road E Eueel 6.GIS

sampling SEENIE ,nt modelling visualisation
Processing

2. Vector
Processing
(Roads
shapefile)

Figure 9. An overview of the stages of data processing
The parameters which comprise the proposed model are listed below as inputs and outputs in “Attachment A:

Inputs and outputs”. As already mentioned, the assumptions associated with each input and processing
equation lend to a cumulation of uncertainty which render the output as a qualitative risk indicator.
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5.2 GIS implementation: example outputs

To demonstrate the model applications, the GIS workflow was implemented for section of Yarriabini
National Park using the National Park Roads Dataset where roads were assigned widths of 5-8m, traffic set
to 20-50 trucks per week and roads surface is gravel or natural earth. These values are assigned based on
road type and are used for demonstration purposes only. The model was implemented using a 1 in 10-year
storm event.

There are four output from the modelling, shown in Figures 10-13:

e Sediment produced by road segment (t/ year) (Figure 10)
e  Gully threshold exceedance (Y/N) (Figure 11)

e Volume of runoff reaching stream (m3) (Figure 12)

e Sediment delivered to streams (kg) (Figure 13)

This is a preliminary test run of the modelling approach for a small area and we have not evaluated the results
in terms of how they correspond with literature values. The average sediment delivery (per unit areas of road)
from the road network for a 1 in 10-year event is 3.4 tonnes per hectare. The maximum sediment delivery rate
is 19.4 tonnes per hectare. As a first pass, these results appear to be in the right ballpark given published
values from Sheridan and Noske (2007b) that show mean annual sediment yields from road crossing of 15.8
tonnes per hectare of road. A method for model verification will be developed in the next stages of the
project.
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Sediment produced by road
segment (t/ year)

Based on the work of Sheridan
and Noske (2007), this heatmap
represents the estimated
sediment delivery from 100m
road segments in terms of
tonnes per year. The maximum
sediment production estimated
for any road segment within this
road network was 4.53 tonnes
per year

Yarriabini NP Road Analysis
Sediment produced (tonnes per year)
0-1 .

-2
—_—2-3
—_3-4
—4-453

0 0.5
L 1

Figure 10. Sediment produced per 100m segment of road in tonnes per year
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Gully threshold exceedance
(Y/N)

A simple binary distribution of
whether drainage spacing, and
hillslope gradient combine to
produce conditions which
exceed the gully initiation
threshold. Gullying in this
example looks to be
overestimated by the model

Yarriabini NP Road Analysis
Gully threshold exceedance (y/n)
0

—

0 05 1 15km A
SR SR n

Figure 11. A binary indicator of where the parameters associated with each 100m road segments exceed the gully initiation threshold (1 = yes, 0 = no)
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Volume of runoff reaching
stream (m3)

This map displays the variation
in volume of runoff reaching
streams during one in ten-year
30 minute rainfall event. The
greatest volumes of runoff
reaching the stream occur along
the road which enters the park
from the north. This makes
sense given that this road runs
along the valley floor and is
therefore physically closer to the
stream when compared to the
rest of the road network within
the range, which keeps to
ridgelines where possible.

Volume reaching stream (m3)
0-5
5-10

s— 1) 15

m— 15 - 20

— 20 - 25

— )5 -28.9

Figure 12. Estimated volume of runoff reaching the stream during 30 min one in 10 year.
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Sediment delivered to streams
(kg)

An estimate of the sediment
delivered within the volume of
runoff delivered to a streamin a
30min one in ten-year rainfall
event. These values (ranging
from 0 to ~2000kg) are based on
assumptions about traffic which
we have no data on. The
average sediment delivery (per
unit areas of road) from the road
network for a 1 in 10-year event
is 3.4tonnes per hectare. The
maximum sediment delivery
rate is 19.4 tonnes per hectare.

, Yarriabini NP Road Analysis |
Sediment delivered (kg)
0-200
200 - 400
400 - 600
== 600 - 800
== 800 - 1000
== 1000 - 1200
= 1200 - 1237

Figure 13. An estimate of the sediment delivered within the volume of runoff delivered to a stream in a 30min one in ten-year rainfall event.
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5.3 What Next

Following NRC’s review of the proposed methodology above, we envisage the following actions to proceed.

These are largely in line with those outlined in Section 2.3:
e Update the methodology as per the recommendations made by NRC
e Rank a selection of accessible forest road catchments in terms of road density and their steepness
e Select two contrasting catchments for field reconnaissance
e Derive a sediment delivery hazard map for the two catchments using the proposed model
e Development of a field checklist for the field reconnaissance

e  Conduct field reconnaissance to answer questions listed in Section 2.3.3

Methodology for assessing sediment delivery hazard from forest roads networks

21



6 References

Bracken, L.J., and Croke, J., 2007, The concept of hydrological connectivity and its contribution to
understanding runoff-dominated geomorphic systems: Hydrological Processes, v. 21, p. 1749-1763,
http://dx.doi.org/10.1002/hyp.6313.

Croke, J.C., and Hairsine, P.B., 2006, Sediment delivery in managed forests: a review: Environmental Reviews,
v. 14, p. 59-87, doi:d0i:10.1139/a05-016.

Croke, J., and Mockler, S., 2001, Gully initiation and road-to-stream linkage in a forested catchment,
southeastern Australia: Earth Surface Processes and Landforms, v. 26, p. 205-217, doi:10.1002/1096-
9837(200102)26:2<205::AID-ESP168>3.0.CO;2-G.

Croke, J., Mockler, S., Fogarty, P., and Takken, I., 2005, Sediment concentration changes in runoff pathways
from a forest road network and the resultant spatial pattern of catchment connectivity: Geomorphology,
v. 68, p. 257-268, http://www.sciencedirect.com/science/article/B6V93-4FD79RJ-
1/2/2d1c588b44264ab0a31c5e2cbad46c97.

Hairsine, P.B., Croke, J.C., Mathews, H., Fogarty, P., and Mockler, S.P., 2002, Modelling plumes of overland flow
from logging tracks: Hydrological Processes, v. 16, p. 2311-2327, d0i:10.1002/hyp.1002.

Jones, J.A., Swanson, F.J., Wemple, B.C., and Snyder, K.U., 2000, Effects of roads on hydrology,
geomorphology, and disturbance patches in stream networks: Conservation Biology, v. 14, p. 76—85.

Lane, P.N.J., and Sheridan, G.J., 2002, Impact of an unsealed forest road stream crossing: water quality and
sediment sources: Hydrological processes, v. 16, p. 2599-2612.

MacDonald, L.H., and Coe, D.B.R., 2008, Road sediment production and delivery: processes and management,
in Proceedings of the First World Landslide Forum, Tokyo, Japan, v. 381384.

Parsons, A.J., Bracken, L., Poeppl, R.E., Wainwright, J., and Keesstra, S.D., 2015, Introduction to special issue on
connectivity in water and sediment dynamics: Earth Surface Processes and Landforms, v. 40, p. 1275—-

1277.

Sheridan, G.J., and Noske, P.J., 2007, A quantitative study of sediment delivery and stream pollution from
different forest road types: Hydrological Processes, v. 21, p. 387-398, d0i:10.1002/hyp.6244.

Sidle, R.C., Sasaki, S., Otsuki, M., Noguchi, S., and Rahim Nik, A., 2004, Sediment pathways in a tropical forest:
effects of logging roads and skid trails: Hydrological Processes, v. 18, p. 703-720.

Takken, I., Croke, J., and Lane, P., 2008, A methodology to assess the delivery of road runoff in forestry
environments: Hydrological Processes, v. 22, p. 254-264, %3CGo.

Methodology for assessing sediment delivery hazard from forest roads networks 22



Attachment A: Inputs and outputs
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Table 3. Description of INPUT parameters utilised in the proposed methodology

Parameter

SRTM 1 Arc
Second Global

National Parks
Roads Dataset

Annual Rainfall

Rainfall
intensity

Terrain Slope

Road width

Category

Terrain

Road
attribute

Climate

Climate

Terrain

Road
attribute

Unit
Degrees (WGS84)

Vector shapefile

Ascii grid

mm/0.5 hours

degrees

Source/Derivation Assumption(s)

https://earthexplorer.usgs.gov/

https://data.gov.au/dataset/ds-nsw-57c5e7c7-c8fc-4eb7-9b36-
19e315056c01/details?q=

http://www.bom.gov.au/jsp/ncc/climate_averages/rainfall/index.jsp

http://www.bom.gov.au/water/designRainfalls/ifd/ (one in 10-year event)

TauDEM processing of SRTM DEM using the D8 Flow Directions tool. It is as It is assumed that the

evaluated in the direction of steepest descent and is reported as mean slope across the

drop/distance. 100m road width (plus
ten metres either side)
is the downstream
slope.

Based on road type, natural - 5m, gravel - 8m, sealed - 10m. These values are
arbitrary and not based
on any road
classification criteria
that NPWS may utilise
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Field Verification

Does taking the mean
slope over a 100m length
(+ 10m buffer) adequately
capture downslope
gradients near stream
crossings? Difficult to field
verify efficiently.

Road width may need
verification if the road
classification criteria are
not reliable, considering
differences in
management and practice
from region to region, park
to park.


https://data.gov.au/dataset/ds-nsw-57c5e7c7-c8fc-4eb7-9b36-19e315056c01/details?q=
https://data.gov.au/dataset/ds-nsw-57c5e7c7-c8fc-4eb7-9b36-19e315056c01/details?q=

Drain spacing Road metres Drain spacing polices/guidelines for NPWS

attribute
Traffic Road Number of trucks Intensity is an arbitrary estimate based on road type: 20 trucks per week for
intensity attribute 4wd roads and 50 for 2wd. Traffic intensity datasets are likely to be
available for National Parks. Other proxies for intensity may be possible
through a discussion with agency reps
Road Slope Road rise/run Calculated by taking the height of road segment endpoints as per the SRTM
attribute DEM

Methodology for assessing sediment delivery hazard from forest roads networks

25

In allocating drain
spacing to road
segments, we did not
consider the soil type
to inform the spacing
distances as
recommended in the
OEH guidelines

The values currently
attributed are arbitrary
and require revision.

100m distances for
slope measurements
are fine scale enough

Drain spacing requires field
verification. Could be done
initially by drive-by GPS
way pointing. A more
efficient means may be by
car-based LiDAR.
Anecdotal information
from road
maintenance/management
may also be useful.

Traffic monitoring devices
are relatively low cost and
easy to set up, potential
for the pilot study.
Anecdotal information
from road
maintenance/management
may also be useful.

In some cases, especially at
stream crossings, the
variability in slope may not
be captured as only the
endpoints of each segment
are used to calculate slope.
Is there a need to
determine slope more
consistently around stream
crossings at a resolution
greater than 100m? As this
is where connectivity is the
greatest.



Distance to Road
stream attribute

Axels per week | Road
attribute

Infiltration rate = Hydrology

Volume to Hydrology
breakthrough
vbt5

Area threshold | Hydrology

metres

Variable

millimetres/hour

m3

m?2

TauDEM processing of SRTM DEM using the Distance to Streams tool. The
tool requires both a stream raster (Strahler order) and D8 flow directions

A calculation based on number of trucks

From Croke et al 2006

From Hairsine et al 2002

Based on a calculation with a constant as derived in Croke and Mockler

Table 4. Description of outputs produced and utilised as part of the proposed methodology

Parameter

Category

Need to agree on what
constitutes a stream.
Follow IFOA
conditions? Check data
with Forest NSW

We assume there are 9
axles per truck

What about roads
which are depressed
within the landscape,
leading to a larger
‘contributing area’?

Unit Source/Derivation Assumption(s)

Methodology for assessing sediment delivery hazard from forest roads networks 26

This will be difficult to
determine in the field
considering time
constraints. The DEM and
the processing is robust
enough to not require
verification of this critical
parameter, providing that
there is agreement on
stream/distance threshold

A distribution of vehicle
types, perhaps based on
traffic monitoring data or
local knowledge, could
provide for higher
resolution estimations of
the number of axles per
(truck/vehicle).

Field Verification



Slope adjustment factor

Sediment delivery

Volume

Predicted mean volume of
overland flow reaching
stream - dispersive

Predicted mean volume of
overland flow reaching

stream -gullied

Mean plume length
dispersive

Mean plume length gullied

Gully (y=1 & n=0)

Road contributing area

Output

Output

Output

Output

Output

Output

Output

Output

Output

constant

tonnes/Ha/year

m3

m3

m3

constant

m2
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Sheridan and Noske 2007

Sheridan and Noske 2007

Calculated using the rainfall
intensity, infiltration rate
and the area of road
segment

Based on dV/dL = 0.065

Based on dV/dL = 0.065 and
a 3Xincrease in plume
length with gullies (Croke et
al, 2005)

If the road contributing area
and slope exceeds a certain
threshold then a gully (1) is
attributed, if not then (0),
no gully.

Length of the road segment
(100m) and road width (as
above)
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Using infiltration rate from
(Croke et al 2006)

Contains a constant

Contains a constant

(Croke and Mockler)

It is assumed that the
contributing area is only the
road itself, however it is
more likely that the area
includes part of the drainage
pathways either side of the
road as well as the cut slope,
if there is one.

Road width will need to be
verified in the field, perhaps
some adjustment
mechanism to be included
to account for extra
catchments.



Road surface area

Sediment generation

Sediment generation

Initial sediment
concentration

Percentage of plume length
-gullied

Percentage of plume length
dispersive

Sediment concentration at
stream - gullied

Sediment concentration at
stream - dispersive

Sediment delivered

Output

Output

Output

Output

Output

Output

Output

Output

Output

Ha

tonnes/year

grams/year

grams/litre

%

%

Kilograms/ m3

Kilograms/ m3

kg
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The above road contributing
area value converted to
Hectares

As for Road Contributing
Area

Utilises the sediment
delivery values from the
Sheridan and Noske
calculations and multiplying
them by the Road surface
area.

Conversion of above value

Based on the above value
divided by the width of the
rad and a constant derived
in Hairsine et al., 2002.

Based on exponential decay
functions derived in Croke
et al., 2005.

Based on exponential decay
functions derived in Croke
et al. 2005.

28

As for Road Contributing
Area

Water quality monitoring of
specific outlets of pilot site
catchments can, if utilised in
conjunction



Attachment B: Processing steps
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The processes contained within the six-stage approach as outlined in Figure 9 are detailed in the following flow

diagrams (Figure 14 toFigure 18). QGIS v3.14 is used for Geospatial processing of raster and vector files while
Microsoft Excel is used for spreadsheet-based processing. Attachment A provides greater detail on the GIS
tools used in the following processing workflow.

| | INPUTS/OUTPUTS || PROCESSES
i ; USES SRTM DEM ; ; . Fill sinks i i
FILLED DEM DB Flow Direction
D& SLOPE DE FLOW DIRECTION Grid Network

Figure 14. Stage 1 outlines the process of condtioning the Digital Elevation Model to calculate distance to streams.

It should be noted that the road shapefile standardisation as a process in Stage 2 below has not been
established. At this stage it is assumed that a pan-agency road shapefile will be standardised in a manner

suitable for the needs of NRC and the agencies combined and will be provided to Alluvium prior to any further

advancement of the proposed methodology.

Methodology for assessing sediment delivery hazard from forest roads networks
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Lroge 2

Aoaod doto preparatian

Figure 15. Stage 2 prepares the road vector file into segments and buffer zones for subsequent stages.

Sompling Rasters with buffered rood segments

Sroge 3.

Figure 16. Stage 3 utilises the zonal statistics tool to gather the mean values of raster datasets for each buffered road

segment.
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|| INPUTS/QUTPUTS || PROCESSES Lo
b SEGMENTED ROADS —:—:—h— v : :
b 30 SEGMENTED P , P — b
o ROADS P P!
i : UPDATED SEG. ROADS b set defoult drain spacing | !
P (@ - . (sar) L
Y UFDATED SEG. ROADS ! i et default rood widths [

I—-. ] |
b (2) ol {sa) Lo
E ! UPDATED SEG. ROADS i : . set defoult traffic | H
b (3} i [ intensity [SQL) i
P UPDATED B. UPDATED SEG. ROADS ) ) P
P EoaE e 2l — | . Join by location : :
i E JOINED ROAD i E P!
P SEGMENTS [5) by I

Figure 17. Stage 4 takes the segmented road lines and poplulates their attribute table with key parameters, including those

from the buffered road segments, which sampled the raster datasets.

INPUTS/QUTPLITS

ICIMED ROAD
SEGMENTS (5]

Eediment delivery estimation

—# MODEL PARAMETERS (sheridan and

MODEL ESTIMATES

Figure 18. Stage 5 takes the attribute data from the parameterised road segments shapefile into Excel to feed the model
equations sourced from the literature mentioned.
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Figure 19. Stage 6 joins the processed model outputs and reintegrates them with their corresponding road segments in GIS
to produce a heatmap of modelled values.
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Attachment C: Detailed workflow in QGIS
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The following document presents details of the GIS workflow for the estimation of sediment delivery for any
given road network, assuming all necessary data are available. The workflow consists of the following 6 stages
as outlined below (Figure 20) and described in the main document.

1. Raster
Processing
(DEM)

3, Ruster - Head 5 Facel 6.GlIS

sampling Segmer\t modelling visualisation
Processing

2. Vector
Processing
(Roads
shapefile)

Figure 20. Processing stages

1 Raster Processing

1.1 Intro

Note: A hydraulically conditioned (pit filled) DEM with equal/square x/y cell dimensions is required for this
analysis. To avoid errors, leave the DEM in its original co-ordinate reference system util you have produced
your final product. The DEM used in this example is sourced from https://earthexplorer.usgs.gov/

Show Result Controls x

Data Set Click here to export your results » (€'

[SRTM 1 Arc-Second Global v|

[iv]
Displaying 1-2 of 2
(Restore Excluded Scenes)

Entity ID: SRTM1S31E152V3

'a Publication Date: 2014-09-23 00:00:00-05
Resolution: 1-ARC

y Coordinates: -31, 152

———— hgedz-e
Entity ID: SRTM1S31E153V3

3 Publication Date: 2014-09-23 00:00:00-05
Resolution: 1-ARC
Coordinates: -31, 153
Yedz O

[iv]

Armidale:

Tamworth

The drainage distance from any road segment to the nearest stream can be calculated by the TauDEM D8
Distance to Streams tool.

NOTE: TauDEM requires a partly manual installation to work on QGIS. Details provided in the link below:

https://gis.stackexchange.com/questions/272797/adding-taudem-provider-to-ggis-3

To run the Distance to Stream tool, two inputs are required, which can also be produced through two TauDEM
tools:

- D8 Flow Directions
- Grid Network (which produces the Strahler stream raster)
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1.2 Fill Sinks

() Fill Sinks (Wang & Liu) *

Parameters Log

DEM

| " 531_e152_larc_v3 [EPSG:4326] v |
Minimum Slope [Degree]

[0.010000 3
Filled DEM

|[Sa' /e to temporary file] | .

Open output file after running algorithm

Flow Directions

|[Sa--E to temporary file] | =

Open output file after running algorithm
Watershed Basins

|[Sa'--'a to temporary file] | =

Open output file after running algorithm

0% Cancel

Run as Batch Process Close

1.3 D8 Flow Direction
The pit filled raster is fed into the D8 Flow Direction tool

INPUT:
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G! D& Flow Directions

Parameters | Log D8 flow directions

Pit filled elevation
Calculates 2 grids. The first contains the D8 Flow
" 531 2152 larc v3 filled [EPSG:4326] W e directions which are defined, for each cell, as the
o direction of one of its eight adjacent or diagonal

D8 flow directions neighbors with the steepest downward slope. The

Save to temparary file . second contains the slope, as evaluated in the
|['m porary file] | u:IirEu:1_:i|:|n of steepest descent and is reported as
Open output file after running algorithm drop/distance.
D3 slope
|[Sa'-.-'e to temporary file] | .
Open output file after running algorithm

0% Cancel

Fun as Batch Process... Close Help

1.4 Grid Network
The D8 flow directions output grid is fed into the Grid Network tool.

https://hydrology.usu.edu/taudem/taudem5/help53/GridNetwork.html

(2} Grid Network

Parameters | Log Grid Network
D3 flow directions ™
Creates 3 grids that contain for each agrid cell: 1)
" 531_e152_larc_v3 [EPSG:4328] e the longest upslope path length, 2) the total
. . upslope path length, and 3) the Strahler order
Mask grid [optional] riumber.,

Mask threshold [optional]

| 100.000000 3

Qutlets [optional]

w [Lﬁl ”-% =
Selected features only
Longest upslope length
|[Sa'-.-'e to temparary file] —

Open output file after running algorithm

Total upslope length
r- - - 1

0% Cancel

Run as Batch Process.. Close Help

OUTPUT: A fully connected stream network is the desired result, as shown below. If the stream network is
disconnected, there is likely to an issue with the previous stages.
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1.5 Distance to stream

Both preceding outputs can be utilised in the D8 Distance to Stream tool. The threshold responds to the
stream order values, which in this case is 3 (as shown below).

Methodology for assessing sediment delivery hazard from forest roads networks

38



Q D& Distance to Streams

Parameters  Log D8 distance to streams

D& flow directions
Computes the horizontal distance to stream for

| = 531_e152_larc_v3_filed_DBfowdirections [EPSG:4326] ~ | I:l each grid cell, moving downslope according to the
D& flow model, until a stream grid cell is

Stream raster encountered,

| " 531_e152_1arc_v3_filed_strahler [EPSG:4326] w | I:l

Threshold [optional]

|3}000000 a &

Distance to streams
|[Save to temporary file] | EI
[] Open output file after running algorithm

[ o | e

OUTPUT:

1.6 Reclassify by layer

The ‘Reclassify by layer’ tool allows for the binning of distance values according to an appropriate range as
defined by a vector layer with min/max/new value fields.
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However, prior to running a reclassification of cell values, the raster layer needs to be flattened and therefore
reprojected into the appropriate zone via the warp tool, as in the example shown below:

Note that the cell size has been set to the same size as the previously downloaded projected SRTM dataset
from USGS earth explorer downloads page.

Also note that now that the distance to streams layer is reprojected, that a slight warping takes place from
WGS84 to GDA94z56 (Figure 1).

() Warp (Reproject) x

Parameters Log

Input layer -
" usgs_z56_filed_dip_carved_Daflowdirections_Strahler_distancetostreams [EPSG:4326] w

Source CRS [optional]

|Default CR5: EP5G:4326 - WGS 84 > | 2

Target CRS [optional]

|Pr0je:t CRS: EPSG: 28356 - GDAS4 [ MGA zone 56 ~ | 3

Resampling method to use
Mearest Meighbour w

Modata value for output bands [optional]

|Nut set : |

Cutput file resolution in target georeferenced units [optional]

[28. 723810 a [

¥ Advanced Parameters

Additional creation options [optional]

Profile | Default ~
Mame Value
| = Validate Help
Output data type
Use Input Layer Data Type ~

Georeferenced extents of output file to be created [optional]

Mot set

CRS of the target raster extent [optional]

[ use multithreaded warping implementation

Additional command-ine parameters [optional]

Reprojected

|[Sa'-.'e to temporary file] | .

Open output file after running algorithm
GDAL/OGR consale call

gdalwarp -s_srs EPSG:4326 -t_srs EPSG: 28356 -tr 28. 79381047 28. 79381047 + near -of GTiff P /Work/2020,/033_Evaluation_of_Forest_Road_Network_to_Protect_Water_Quality/10_Project/

2_Design/GIS/Petter jusgs_z56_filled_dip_carved_Daflowdirections_Strahler_distancetostreams. tif C: Users/asenfAppData /Local /Temp/processing_gQvnal /4&fe 1133aecd4ebabb 1bf107d559d0 159/
QLITPLT. tif

0% Cancel

Run as Batch Process. .. Run Close Help
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Figure 21. WGS84 on the left and GDA94z56 to the right

Q Reclassify by Layer

Parameters Log

Reclassify by layer

Raster layer

This algorithm redassifies a raster band by
| " 231_e152_1arc_v3_filed_strahler_distancetostream_gda94z56 [EPSG: 28356] ~ ‘ El assigning new class values based on the ranges
specified in a vector table.

Band number

|Band 1 {Gray) b |

Layer containing class breaks
| . Redlassification_table [EPSG:4326] V| (4] '5% |

[ selected features only

Minimum dass value field

| 123Min hd |

Maximum class value field

[123Max v]
Output value field
[123new v

¥ Advanced Parameters
Output no data value
[-s999.000000 =

Range boundaries

|min <= value < max ~ |

[[] Use no data when no range matches value

Output data type

|Floatz2 |
Redassified raster
|[Save to temporary file] ‘ El

Open output file after running algorithm

0% Cancel

]

Reclassified projected distance to stream layer as per the reclassification vector file (below)
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() Reclassification_table — Features Total: 23, Filtered: 23, Se

/ Rl BENGY
Min Masx new
2 10 20 20
3 20 30 30
4 30 40 40
5 40 50 50
6 50 60 60
T 60 70 0
8 70 80 80
9 80 S0 S0
10 o0 100 100
1 100 1o o
12 10 120 120
13 120 130 130
14 130 140 140
13 140 150 150
16 150 160 160
17 160 170 170
18 170 180 180
19 180 190 190
20 190 200 200
2 200 250 250
2z 250 1000 1000
23 1000 1545 1600
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2 Vector processing

2.1 Split roads to 100m intervals

Split distance will affect overall processing time. We have chosen 100m for this example.

Q@ Split Lines by Maximum Length

Parameters Log
Input layer
" Yariabinni NPWS roads v2 [EPSG:8058] ~ | [5) ”% o

Selected features only

Maximum line length

| 100} 000000 @ 3| metes ~ &
split
|[C|‘Eate tempaorary layer] | o

Open output file after running algorithm

Run as Batch Process. .

Split lines by maximum
length

This algorithm takes a line (or curve) layer and
splits each feature into multiple parts, where each
part is of a spedified maximum length.

7 and M values at the start and end of the new line
substrings are linearly interpolated from exizting
values,

0% Cancel

2.2 Buffer segments

The Buffer tool generates 10m buffer polygons for each 100m road segment. Make sure the end style is set to

flat, so that the buffers for each segment don’t overlap.
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() Buffer x

Parameters Log ‘ Buffer
Input layer
This algorithm computes a buffer area for all the
| %/ Yariabinni MPWS roads v2_100msplit [EPSG:28358] ~ | [..] é% El features in an input layer, using a fixed or dynamic
distance,
Selected features anly
) The segments parameter controls the number of
Distance line segments to use to approximate a quarter
circle when creating rounded offsets,
| 10.000000 2] meters  ~| &
The end cap style parameter contrals how line
Segments endings are handled in the buffer.
|5 E| The join style parameter specifies whether round,
End miter or beveled joins should be used when
cap style offsetting corners in a line.
Flat v
The miter limit parameter is only applicable for miter
Join style join styles, and controls the maximum distance
from the offset curve to use when creating a
|Rmnd Rl | mitered join.
Miter limit
|2.000000 ]
[] pissolve result
Buffered
|[Create temporary layer] | El
[+] open output file after running algorithm
| | 0% | Cancel
|Ru"| as Batch Process... Run | | Close | | Help

3 Raster Sampling

To gather data which corresponds to each stretch of road the following approach is taken.
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1. The sample PWS roads dataset is split at 100m intervals

A 10m buffer is applied to each 100 segments.

3. The mean value of each buffer zone is taken for each corresponding raster dataset (i.e. Distance to
streams, rainfall intensity, terrain slope (D8) and then added as attributes to the road segment vector
file

N

3.1 Zonal statistics (mean distance to stream)

The zonal statistics tool can calculate the mean distance to stream value within each of the road segment
buffer zones. A mean distance value is allocated to each buffer feature.

(2} Zonal Statistics %

Parameters Log

Zonal statistics
Raster layer
This algorithm calculates statistics of a raster layer
=" 531 e152_larc_v3_filed_strahler_distancetostream_redassifiedgdas ~ | | .- for each feature of an overlapping polygon vector
layer.

Raster band '
Band 1 (Gray) w
Vector layer containing zones

[~ Yariabinni MPWS roads v2_100msplit_10mbuffer [EPSG: 23356] -

Cutput column prefix

|sbdist_mean

Statistics to calculate

1 options selected

0% Cancel

Run as Batch Process... Run Help

An example of the buffers coloured by mean distance to stream below:
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3.2 Zonal statistics (mean surrounding slope)

We can use D8 slope as calculated from the TauDEM D8 flow directions tool in Step 1.2. The tool produces a
slope raster which calculates slope as the greatest drop across each cell/distance.

() D8 Flow Directions >

Parameters  Log D8 flow directions
Pit filled elevation

directions which are defined, for each cell, as the
direction of one ofits eight adjacent or diagonal
neighbors with the steepest downward slope. The

Calculates 2 grids, The first contains the D3 Flow
| =" 531 2152 iarc v3 filed [EPSG:4326] v| |:|

D& flow directions

Save to b il second contains the slope, as evaluated in the
|[ ave to temporary fil] | El direction of steepest descent and is reported as
[+] Open output file after running algorithm drop/distance.

D& slope

|[5ave to tempaorary file] | El

[ Open output file after running algorithm

| 0% Cancel

|R1nasﬂatd'1Process...| | Run | | Close | | Help |

The zonal stats tool can then sample for the mean slope within each buffer zone, as shown below.
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G\\ D& Flow Directions

Parameters Log
Pit filed elevation

" 531_e152_1arc_v3_filled [EP5G:4326]
D8 flow directions

|[Sa'-.-'e to tempaorary file]

Open output file after running algorithm
D& slope

|[Sa'—.-'e to temporary file]

Open output file after running algorithm

Run as Batch Process..

Make sure ‘mean’ is selected in the ‘statistics to calculate’ tab.

a Zonal Statistics

Parameters Log
4| statistics to caloulate

ean

| | Count
[ sum

[] Median
[ st dev

[ Minimum
[ Maximum
[] Range

[ Minority
[ Majority

Run as Batch Process...

The D8 tool calculates slope as a ratio (rise/run)

Select Al
Clear Selection
Toggle Selection

OK

3.3 Zonal Statistics tool (Annual Rainfall)
The zonal stats tool is used again to allocate the mean annual rainfall value to each of the road segment buffer

areas. The rainfall grid is 5km by 5km.
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D8 flow directions

Calculates 2 grids, The first contains the D3 Flow
directions which are defined, for each cell, as the
direction of one ofits eight adjacent or diagonal
neighbors with the steepest downward slope. The
second contains the slope, as evaluated in the
direction of steepest descent and is reported as
drop/distance.

0%% Cancel

Zonal statistics

This algorithm calculates statistics of a raster layer
for each feature of an averlapping polygon vector
layer.

0% Cancel
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Q Zonal Statistics .

Parameters  Log Zonal statistics

Raster layer
This algorithm calculates statistics of & raster
=" rainan.asc [EPSG:4283] oL layer for each feature of an overlapping

Raster band polygon vector layer,
Band 1 ~
Vector layer containing zones

|~ ¥ariabinni NFWS roads v2_100msplit_10mbuffer [EPSG:28356] ~
QOutput column prefix

mean_rainar1|

Statistics to calculate

1 options selected

0% Cancel

Run as Batch Process. .. Close Help

The grid cells in relation to the study area roads below.

3.4 Zonal Statistics (Rainfall Intensity)

The zonal stats tool is used once again to gather the mean rainfall intensity value for each buffered 100m road
segment.

The grid is 2.5km by 2.5km.

Grids available for sites only. An enquiry will need to be made about sourcing a grid across the entire state for
the broadscale analysis.

http://www.bom.gov.au/water/designRainfalls/revised-ifd/?coordinate_type=ddExt&latitude1=-

30.886&longitude1=152.833&latitude2=-
30.709&longitude2=153.051&sdmin=true&sdhr=true&sdday=true&extent=true
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Parameters  Log Zonal statistics

Raster layer

This algorithm calculates statistics of a raster

" catchment_depth_30min_01000aep. tet [EPSG:4253] | e layer for each feature of an overlapping
olygon vector layer,

Raster band P !
Band 1 w

Vector layer containing zones

|~"Yariabinni NPWS roads v2_100msplit_10mbuffer [EPSG:28356] w

Qutput column prefix

30m_10aep

Statistics to calculate

1 options selected

0% Cancel

Run as Batch Process... Run Close Help

Example of grid in relation to study area below

4 Road segment Processing (line shapefile)

4.1 Road Slope

Road slope can be calculated by taking the elevation of both endpoints of each line and the distance between.
This is a rough measure but close enough given this is a state-wide analysis.

In the example below the slope is calculated as a percentage. This will need to be converted to degrees later to
inform the drain spacing guidelines.
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https://gis.stackexchange.com/questions/273440/calculate-slope-of-line-segments-with-qgis

In the QGIS Processing Toolbox, there are GRASS tools v.split.length and v.drape (USing
QGIS 2.18.16).
10
Befare starting;
0.) make sure your DEM and road data are projected onto the same CRS.
Then, following your summary workflow:
1.) split line (forest road) into equal lengths segments
v.split.length will give you a new layer split by length by default.
2 ) convert segments to 3D shapes (Interpolate shape tool)
v.drape will give you a new 3D vector layer.

3.) calculate slope of each segment with the field calculator

abs(z(start_point($geometry)) - z(end point($geometry)))/$length*1lee

share improve this answer follow answered Mar 3 '18 at 20:17

Kazubhito
241k @5 @ 40 @ 116

First i struggeld with the v.drape tool. The tool did run but i wouldn't generate any outcome. | realized only
then that the file path contained a "0’ letter and thats why it didn't work. Thanks for your help everybody. —
Quarantane Mar 5"18 at 10:31
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(2 v.drape *
Parameters L 14
og v.drape
WHERE conditions of SQL statement without 'where' keyword [optional “
Q gl 1 Converts 2D vector features to 3D by sampling of
elevation raster map.
Input feature type [optional]
1 options selected
Elevation raster map for height extraction
" 531_e152_1arc_v3_filed_gdag4z56 [EPSG:28356] w
Sampling method [optional]
nearest s
Scale factor sampled raster values [optional]
|1.000000 =
Height for sampled raster NULL values [optional]
|-9399.000000 =
¥ Advanced Parameters
GRASS GIS 7 region extent [optional]
|Not set | o
GRASS GIS 7 region cellsize {eave 0 for default)
[0.000000 g
v.in.ogr snap tolerance {-1 = no snap)
[-1.000000 g
V.in.ogr min area
[0.000100 g
v.out.ogr output type
line ~
v.out.ogr output data source options {dsco) [optional]
v.out.ogr output layer options (lco) [optional]
[] also export features without category (not labeled). Otherwise only features with category are exported
3D vector
| [Save to temparary file] -
Open output file after running algorithm v
Save the output 3D road file and label appropriately — as below:
(2 Save Layer As
T <« 10_Project » 2_Design » GIS » Petter v |0 Search Petter
Organise « Mew folder
n ~
33 Dropbox Mame
. . . ) D Yariabinni NPWS5 roads v2_100msplit.shp
@ OneDrive - Alluvium Consulting Australia
D Yariabinni NPWS5 roads v2_100msplit_10mbuffer.shp
v [ ThisPC
3D Objects
. | j ol

File name:

Save as type: | ESRI Shapefile (*.shp *.SHP)

The slope is then converted into degrees using the following formula in the calculator
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((atan( "seg_slope"/100))/pi() )*180

Q v o _100msplit_3D — Total: 4 a0, S 0 -~ O *
ALLEENL B & A TESPIBRPE S 08
12 fid <|-[€ ‘ v| Update All | [Update Selected
SAPEquiplD Assethame d_SubtypeC d_AssetTyp d_Assethat d_Branch dLGA Comments LengthM VerDate Length_m ceq_slope cslope_deg
380 1270593 Way Way Creek... Vehicle Trail 2wWD Bitumen Seal North Coast Nambucca NUL| 1760.490000000... 2020/05/01 00:0... 1761 1.471403165045... 0.843
381 1270595 Way Way Creek... Vehicle Trail 2WD Gravel North Coast Nambucca NUL| 167.3000000000... 2020/05/01 00:0... 167 7.822857735607... 4473
382 1270595 Way Way Creek... Vehicle Trail WD Gravel North Coast Nambucca NUL 167.300000000D... 2020/05/D1 D0:D... 167 4.026026839986... 2305
1372228 Whireans T 02 Vishicle Toai i - Rioth et P Fiald rhasbad b | 1525 KOMMAAKAN | AINMEINT ARD 1838 A amARaNAI R A1

4.2 Drainage spacing:

The drainage spacing for the sample area can be assumed from the relevant spacing policy.

For National Parks, drain spacing is subject to variation according to soil class/erosion risk. Given that
classification of erosion risk is undertaken at the local scale, drainage spacing in this example does not take soil

class into account.
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acing (m) by tenure/region

The maximum drainage spacing approach varies

Brigalow PNF (Cypress and across tenures
Nandewarand  PNF (Northern Western

Road Grade South Western  and Southern  PNF (River Red  Hardwood

{degrees) Plantation Cypress IFOAs  Regions) Gum Region) Region) National Parks *  Plantation Forestry takes on generic spacing
o
[ 5] o = g = = 150 * Some IFOAs and PNF areas take regional
| a] 125 100 100 125 100 125 approaches
[ 5] 100 100 100 100 100 100+ Other IFOAs (such as Riverina Red Gum and
[ 6] S0 20 0 0 0 0 probably CIFOAs) adopt site specific spacing
| 7] 80 80 50 80 80 80 )
[ | — = = — = - approach, as do public roads (Blue Book 1 and 2)
[ 65 60 60 65 60 65 Fire trails and National Parks take @ middle road ,
| w] 60 80 50 50 60 60 using soil erodibility/class to guide drain spacing.
| n] =5 40 20 - 40 55
| 12 s0 40 a0 - 40 50 .
— e o = ps =i In some tenures._such as the Brlgalow and
[ 1 a0 a0 a0 - a0 0 Cypress IFOA regions, the spacing relates to
| 15| 40 40 20 - 40 40 environmental values/geographic attributes, yet
T 38 2 0 - 5 - the basis for the spacing is not referenced.
36 25 30 - 25 -
] = = e = I :
| 193] 32 25 30 - 5 SoilClass A SoilClassB  Soil ClassC  Soil Class D
I a0 2 30 - 25 - [EEE 0tcc0m  G0to70m  20t030m  *
28 20 20 - XS c0to7om (SOtotom | * C
| > 25 20 - N 12 to 16 40to 60m * * *
| 3] 24 20 - I 16 to 20 30to 40m * * *
z 2 20 20m fto
[ 20 2 20 i - : :

A SQL expression can deliver the drain spacing according to the calculated road slope.

CASE

WHEN "sslope_deg" >= 0 AND "sslope_deg" <=1 THEN '250'

WHEN "sslope_deg" >1 AND "sslope_deg" <=2 THEN '200'
WHEN "sslope_deg" >2 AND "sslope_deg" <=3 THEN '150'
WHEN "sslope_deg" >3 AND "sslope_deg" <=4 THEN '125'
WHEN "sslope_deg" >4 AND "sslope_deg" <=5 THEN '100'
WHEN "sslope_deg" >5 AND "sslope_deg" <=6 THEN '90"'
WHEN "sslope_deg" >6 AND "sslope_deg" <=7 THEN '80"

WHEN "sslope_deg" >7 AND "sslope_deg" <=8 THEN '70"'
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WHEN "sslope_deg" >8 AND "sslope_deg" <=9 THEN '65'
WHEN "sslope_deg" >9 AND "sslope_deg" <=10 THEN '60'
WHEN "sslope_deg" >10 AND "sslope_deg" <=11 THEN '55'
WHEN "sslope_deg" >11 AND "sslope_deg" <=12 THEN '50'
WHEN "sslope_deg" >12 AND "sslope_deg" <=13 THEN '45'
WHEN "sslope_deg" >13 AND "sslope_deg" <=14 THEN '40'
WHEN "sslope_deg" >14 AND "sslope_deg" <=15 THEN '40'
WHEN "sslope_deg" >15 AND "sslope_deg" <=20 THEN '10'
END
Note: Even though slopes above 16 deg aren’t viable according to some road guidelines — some road slopes are

calculated to have slopes above this threshold, thus the expression attempts to capture these with very low
numbers, in this case -10m.

4.3 Width

The following road widths have been applied to the three different types of road (Natural, Gravel or Sealed).

ASSUMPTION: These widths are arbitrary based on best guess, however a dive into road design specs or at
least a discussion with Kurt could refine these

d_AssetMat Width
Natural 5
Gravel 8
Bitumen Seal 10

A SQL expression can assign road widths based on road characteristics:

CASE
WHEN "d_AssetMat" = 'Natural' THEN 5
WHEN "d_AssetMat" = 'Gravel' THEN 8
WHEN "d_AssetMat" = 'Bitumen Seal' Then 10
END

4.4 Traffic Intensity

Traffic intensity at this stage is allocated generic values based on whether the road is classified as 4wd or 2wd.
It is assumed that 2wd roads are used more frequently than 4wd vehicles.

Traffic intensity numbers denote number of trucks per week

d_AssetTyp Traf_int
2WD 50
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4WD 20

CASE

WHEN "d_AssetTyp" = '2WD' THEN 50

WHEN "d_AssetTyp" = '4WD' THEN 20

END

5 Excel Modelling

To run the model in excel, the values which have been calculated in the buffer zones for each road segment
are joined back to the 3D road segment shapefile so that all that inputs can be exported in one simple

spreadsheet.

The join type settings are important — a one to one join with the shape with the largest overlap will collect the

correct information.

() Join Attributes by Location

Parameters Log
Base Layer

"s-'” ‘fariabinni MPWS roads v2_100msplit_3D [EPSG:28356]

Selected features only

Join Layer

(-~ Yariabinni NPWS roads v2_100msplit_10mbuffer [EPSG:28356]

[ selected features only

Geometric predicate

[Jintersects [] overlaps

[ contains within

[ equals [] crosses

[] touches

Fields to add (leave empty to use all fields) [optional]
4 options selected

Join type

Take attributes of the feature with largest overlap only (one-to-one)
[ piscard records which could not be joined

Joined field prefix [optional]

v th % .

v th % .

X

| join_

Joined layer [optional]

|[C|‘Eate temporary layer]

Open output file after running algorithm
Unjoinable features from first layer [optional]

| [Skip output]

Open output file after running algorithm

Run as Batch Process
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’ Join attributes by location

This algorithm takes an input vector layer and
creates a new vector layer that is an extended
wversion of the input one, with additional
attributes in its attribute table,

The additional attributes and their values are
taken from a second vector layer. A spatial
criteria is applied to select the values from the
second layer that are added to each feature
from the first layer in the resulting one.

0% Cancel

Run Close Help
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(2 Join Attributes by Location

Parameters Log

< | Fields to add (leave empty to use all fields)

[JiMadifiedDa

Select All

[] SAPEquiplD
[ AssetMame
[] d_SubtypeC
[] d_AssetTyp
[ d_AssetMat
[ d_Branch
[]d.LGA

[] Comments
[ LengthM
[ VerDate

[ Length_m
stdist_mea
mean_Tslop
mean_raina
30_10aepme

Clear Selection
Toggle Selection

QK

Run as Batch Process...

Run the join function and save the joined layer with an appropriate name:

X

Join attributes by location

This algorithm takes an input vector layer and
creates a new vector layer thatis an extended
version of the input one, with additional
attributes in its attribute table,

The additional attributes and their values are
taken from a second vector layer. A spatial
criteria is applied to select the values from the
second layer that are added to each feature
from the first layer in the resulting one.

0% Cancel

() Save Layer As

Y e 10 _Project » 2 _Design » GIS » Petter

Organise « MNew folder

E This PC
_J 3D Objects
[ Desktop
E Documents
‘ Downloads

v O

MName

Search Petter 2

D Yariabinni NPWS roads v2_100msplit.shp
D Yariabinni MPWS roads v2_100msplit_3D.shp
D Yaniabinni NPWS roads v2_100msplit_10mbuffer.shp

=Rl Yariabinni NPWS roads v2_100msplit_

Save as type: | ESRI Shapefile (*.shp *.5HP)

» Hide Folders

5.1 Model Calculations

Four different empirical models developed from the following Australian studies are applied to estimate the
amount of sediment delivered to a stream. These are detailed in the main document.
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6 GIS Visualisation

1. Check for any DIV values in the result sheet to exported as CSV. As when it is joined to the shapefile in
QGIS it will be allocated a ‘text’ field type — this will affect your ability to display the results.

1978 17.70233 B8.080355 7.2207
1254 15.44776 B.782748

0 0 -46.82438 -46.8
1843 371.6528 1.377848 0.028

2. Save values as CSV
3. Add CSV to GIS workspace
4. Use the join Attributes by field value

6.1 Join outputs to roads shapefile

Note: The join layer contains a unique identifier ‘fid’ that was created when the road was split into 100

7759411

7.479251 981.3676

#DIv/0!

segments. This unique ID is likely not to work in the join function as it is set as a ‘Double’ field type rather than

an ‘Integer’.

To get around this, create a new unique field ID called fid_2 and set the field type to ‘integer’. The join should

work if each field in the joining columns are of the same type.

() Join Attributes by Field Value

Parameters Log
Input layer

/" Yariabinni NPWS roads v2_100msplit_3D_buffer_join [EPSG:28356]
[ selected features only
Table field

121fid 2
Input layer 2

|§| Road_sediment_calcs_nambucca_export_v3

Selected features only

Table field 2

123 fid
Layer 2 fields to copy (leave empty to copy all fields) [optional]
23 options selected
Join type

Take attributes of the first matching feature only (one-to-one)

[ piscard records which could not be joined
Joined field prefix [optional]

o @.‘j ..‘_"% .

e @.‘j ..‘_"% .

L]

L]

Join attributes by field
value

This algorithm takes an input vector layer and
creates a new vector layer that is an extended
wversion of the input one, with additional
attributes in its attribute table.

The additional attributes and their values are
taken from a second vector layer. An attribute
is selected in each of them to define the join
criteria.

Joined layer [optional]

|[C|‘eate temporary layer]

Open output file after running algorithm
Unjoinable features from first layer [optional]

|[Skip output]

Open output file after running algorithm

Run as Batch Process...
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() Join Attributes by Field Value

Parameters Log

Join attributes by field

]| Layer 2 fields to copy {leave empty to copy all fields) value

[ width_m

[ Traf_int

[ j_stdist_m

I J_mean_Tsl

| J_mean_rai
[1j_30_10aep
Ax_pw

Sl_adj_f
Sdel_mgma
Sdel_mgm2yr
Sdel_mgHayr
sed_del_tHayr
Dur_hr
Infrate_mmhr
vht5_meanm3
V_m3

Prnof_rs _d_m3
Pmof_rs _g_m3
mpl_d_m
mpl_g_m
G_1_NG_2
Slp_deg
RCont_A_m2

A thresh_m?2
W_m3_1
Rzurf_A_ha
Sed_gen_tyr
Sed_gen_gyr
Int_sed_con_glL
Percent_pl_g
Percent_pl_d
sed_conc_as_g_kgm3
Sed_conc_as_d_kgm3

Run as Batch Process...

() Save Layer As

1 <« 10_Project » 2 _Design » GIS » Petter

Organise = Mew folder
= GI5_DATA (\mlb-svr01) (G:)
=z CloudRestore ()
== Public (K]
=g Canberra Work (M:)
= Sydney Work (P:)

File name:

Select Al This algorithm takes an input vector layer and
creates a new vector layer that is an extended
) version of the input one, with additional

Clear Selection attributes in its attribute table.

Toggle Selection The additional attributes and their values are
taken from a second vector layer. An attribute
oK is selected in each of them to define the join
criteria.

0% Cancel

Run Cloze Help

v | B Search Petter 2

Mame

| ] Variabinni NPWS roads v2_100msplit.shp

D Yariabinni MPWS roads v2_100msplit_3D.shp

D Yariabinni MPWS roads v2_100msplit_3D_buffer_jein.shp
D Yariabinni MPWS roads v2_100msplit_10mbuffer.shp v

Save as type: | ESRI Shapefile (*.shp *.5HP)

» Hide Folders

6.2 Mapping

Save Cancel

Once joined. Use Layout manager to display the modelled values.
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