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3.  Scoping Proposals
3.1  Introduction
The physical processes that govern hydrologic connection between road and stream networks are generally well-understood (citations).  Specifically, the factors controlling how overland flow and interception of subsurface stormflow by cutbanks concentrate runoff on road surfaces and convey fine sediment and other materials to streams have been well studied using empirical and physically-based approaches.  Predictive models have emerged from this knowledge base and are increasingly used to estimate water and sediment inputs from roads to streams in a wide array of geologic and ecological settings (Fu et al. 2010, others).  Dube et al. (2010) thoroughly reviewed the relevant literature on this topic, and Kastridis (2020) updated and affirmed this review.  Based on these prior works, and on the results of our broader scoping literature review, the IRST believes adequate information exists to propose an array of methods for answering the RSHC questions presented by AMPC, namely: 
1. Baseline report
· What is the baseline status of hydrologic connectivity of roads prior to the implementation of the OFPA road rules effective Jan 1, 2024?
· How does the status of hydrologic connectivity differ based on landowner type and East/West region?
· How do particular elements of the regulatory framework (e.g., road location) or site characteristics (e.g., geology) contribute to hydrologic connectivity?
2. Trend monitoring
· What are the trends in the status of hydrologic connectivity of roads over 5-year intervals? These trends should be assessed for the same variables in question 1.
3. Determination of rule effectiveness
· Within 25 years, to what extent are road rules associated with hydrologic disconnection effective at achieving biological goals and objectives?

Rather than an in-depth literature review, we propose to solicit work that focuses on sampling design and field methods that will result in a cost-effective status and trends monitoring framework. We have set some thresholds in these options, but these are mainly for providing these initial cost estimates for the work; we expect that the RFP will allow respondents to propose methodological details.
Several approaches to estimating RSHC and the relative amounts of sediment delivered by this connectivity have been developed.  Mostly these involve models, and often they serve the purpose of identifying road locations within watersheds where RSHC is highest, and where remediation efforts have the potential to be impactful.  For example, Dube et al. (2010) described a RSHC status and trends monitoring program for private forestlands in Washington State.   Their principal hypothesis was that implementation of Best Management Practices (BMPs) as embodied in rules governing road construction, use, maintenance, and abandonment, would result in reductions of RSHC over time. Our objective, as detailed by the AMPC research questions, is nearly identical for the State of Oregon.  In the following proposals, we offer the AMPC several options for the design of an RSHC status and trends monitoring project.  All of these options follow the basic approach of Dube et al. (2010) but include revisions that were either proposed by Dube et al. (2010), or that the IRST believes may increase efficiency and reduce costs.  
General aspects of our approach:
In the following, we propose using ODF stream and road layers for the RSHC analyses as they’ve been deemed to be the most accurate and comprehensive coverages available in our areas of interest.  That said, the ability of these datasets to effectively address the RSHC questions posed by AMPC is a secondary, but potentially important path for analyses discussed below. 
Similarly, we adopt the WARSEM road network sediment production model in our proposals although more recent alternatives have been proposed. A more thorough examination of WARSEM relative to GRAIP, READI, and WEPP:Roads, for example, is another potential path of inquiry. 

3.2.  Scoping Proposal 1: Road-Stream Hydrologic Connectivity
Approach
This effort is focused on documenting the connectivity component roads and streams and does not explicitly account for parameters and data required for modeling sediment production related to roads.  The length of road-related pathways that capture and deliver water to streams (e.g., road tread, ditches, fillslopes) will be field-surveyed on a watershed basis and inventoried for status and trend reporting.  Based on GIS analysis, points of connectivity to other natural water bodies in each basin will also be included if these can be identified comprehensively in advance of fieldwork.  
Methods
Sampling Design
RSHC Status: To quantify the length and proportion of roads that are hydrologically connected to streams, we propose to randomly sample sub-basins of roughly 10K – 40K acres (HUC 12, 6th field) that are X% forested and contain >25% private forestland ownership in each georegion (eastside, westside).  Sampling for large industrial and small private timberlands will be conducted separately.  Within each selected sub-basin, the ODF road layer and ODF stream layer will be queried to obtain locations of all mapped road-stream crossings.  A GIS proximity analysis will also be used to identify all road segments on private lands that occur within 100-ft of mapped streams.  Only these “high probability of delivery” road segments will be candidates for sampling.  [Note:  There are likely too many of these segments per sub-basin to be feasibly sampled; how many to sub-sample?  How to select?].  ODF records of road work completed since January, 2024, will be used to exclude recently updated roads from the sample.  Additionally, or alternatively, landowner interviews will be used to assign BMP status to surveyed roads, per Dube et al. (2010).
RSHC Trends:  These same road segments will be revisited and remeasured at X-year intervals to determine trends in RSHC (measured as the length and characteristics of connected roads in the network) over time.  In addition, as-yet unsurveyed “high probability of delivery” road segments in the same sub-basins will be sampled for the first time.  This ensures a broader scope of inference and… (rationale?)
Baseline establishment
The new Oregon rules went into effect Jan 2024 and expect landowners to begin identifying and remediating the worst road segments as soon as possible. It will likely take a couple of years for AMP to execute an initial field-based assessment, meaning that some restoration will have already occurred. Records from the FRIA process should be able to help identify these post-rule changes, which then could either be dropped or assumed connected in the baseline.
Field Methods
Data collection will follow methods described in the WARSEM field protocol (Watershed Professionals Network (2006 and 2008), with updates by Raines et al. (2005) and Dube et al. (2010).  Only the variables describing pathways for water delivery from inventoried road features will be measured.
Field crews will be trained sufficiently to reduce within- and among-observer errors to within specified tolerances (TBD).  A QA/QC program will guide this training.
Analysis
Field data will be entered and summarized using the WARSEM model, as described by Dube et al. (2003) with updates by Dube et al. (2010) and potentially with more recent updates (e.g., Bohle and Dube 2016). Summary statistics on each measured RSHC variable will be calculated at each sampling interval, and statistical tests (e.g., paired sample t-tests) will be used to detect trends between sampling events.
Reporting
The status of RSHC at each sampling interval, and trends over time between intervals, will be reported on a watershed basis for each landowner class in each georegion.
· Average percentage of high probability road length delivering to streams per watershed, for each landowner class in each georegion. 
· For trends, a comparison of mean values between sampling intervals.
· Regression plot of the estimated percentage of the basin’s roads that meet current BMPs vs. % of high probability road length delivering to streams.
Knowledge Contribution
The initial sampling campaign for this project will generate information to directly address the AMPC question regarding baseline levels of hydrologic connectivity of forest roads on private timberlands prior to the implementation of the Oregon Forest Practice act road rules 10 effective January 1, 2024.  There may be some ambiguity in status determinations where sampled road conditions cannot be definitively attributed to the pre-PFA era. Future sampling events will establish trends in RSHC.
Cost
To be determined…
PROS:	This proposal provides an established and expedient means to address the AMPC questions. Resultant cost savings could enable more samples, with greater statistical power to detect change.  The sampling design offers cost savings over the original Dube et al. (2010) approach that used a comprehensive road inventory of a defined area (4 mi2) in the sampled sites.  The sampling within HUC 12 sub-basins enables extrapolation on a per-watershed basis, which is useful for interpreting outcomes relative to aquatic resources.
CONS:  No information on delivered sediment will be generated.

3.3.	Scoping Proposal 2: Road-Stream Hydrologic Connectivity plus Sediment Delivery Estimates
Approach
This effort expands the field sampling of Scoping Proposal 1 to include the variables needed to estimate the amount of sediment generated and delivered annually to streams in the study basins.  The full suite of variables described by Raines et al. (2005)  will be field-measured on road segments with a high probability of delivery to streams within a watershed framework.  Results for all variables will be summed for status and trend reporting.  Delivery to other natural water bodies in each basin can be included if these can be identified comprehensively in advance of fieldwork.  
Methods
Sampling Design
Same as for Scoping Proposal 1
Landowner Interviews
Participating landowners in the sampled watersheds will be interviewed to obtain an estimate of the degree to which the roads to be surveyed are believed to be compliant with PFA road standards, and to determine the traffic levels of the prior year.
Field Methods
Same as for Scoping Proposal 1, with the addition of all variables that relate to the generation and delivery of sediment to streams (e.g., surfacing, traffic, age, cutslope vegetation coverage).
Analysis
Same as for Scoping Proposal 1, with the addition of all variables that relate to the generation and delivery of sediment to streams (e.g., surfacing, traffic, age, cutslope vegetation coverage), and a WARSEM estimate of the amount of sediment delivered by the surveyed road segments per year.
Reporting
Same as for Scoping Proposal 1, with the addition of WARSEM estimates of sediment delivery at each sampling (status), and over time between sampling intervals (trends).
Knowledge Contribution
The initial sampling event for this project will generate information to directly address the AMPC question regarding baseline levels of hydrologic connectivity of forest roads on private timberlands prior to the implementation of the Oregon Forest Practice act road rules 10 effective January 1, 2024.  There may be some ambiguity in status determinations where sampled road conditions cannot be definitively attributed to the pre-PFA era. Future sampling events will establish trends in RSHC.
Cost
To be determined…
PROS:	The field parameters added with this proposal can be used with several models, e.g., GRAIP, READI, WEPP:Roads, to provide sediment production and delivery estimates for the sampled sub-basins.
CONS:  Additional field time for data gathering, and office time to run and report the WARSEM sediment delivery estimates, will add to project costs.  

3.4.	Scoping Proposal 3: Road-Stream Hydrologic Connectivity Plus Sediment Estimates: GIS-lidar road segment analysis
Approach
This proposal adopts the framework of proposals 1 and 2 but includes an additional step using GIS (desktop) analysis prior to fieldwork to generate road segments and properties using publicly available airborne lidar data (when available). The goal is to test whether this approach improves the accuracy and efficiency of road segment creation and the quantification of segment characteristics needed for connectivity and sediment production modeling. The use of airborne lidar to characterize forested terrain has become expansive for hazards, environmental monitoring, and a multitude of other applications. Research demonstrates that lidar can accurately capture drainage divides in road networks (Eastaugh et al., 2008; Roelens et al., 2018; Waga et al., 2020), which is the first step in identifying road segments. By draping or overlaying the ODF road network atop airborne lidar, we propose to use flow routing algorithms and other GIS tools to distinguish road segments and attribute those segments with estimates of relevant properties, including length, slope, configuration, ditch width/position, cutslope height, tread width, and other geometric data. Importantly, field crew surveys would survey segments to assess the accuracy of this approach and focus on documenting road surfacing if the GIS road segment predictions prove to be sufficiently accurate. 
Methods
Sampling Design
Same as for Scoping Proposal 2 for selection of watersheds and roads for sampling.
Landowner Interviews
Participating landowners in the sampled watersheds will be interviewed to obtain an estimate of the degree to which the roads to be surveyed are believed to be compliant with PFA road standards, and to determine the traffic levels of the prior year.
GIS Methods
Analysis of road network segments using GIS hydrologic tools, which include an array of automated and manual procedures for identifying and populating road segments with relevant derivatives of topographic data. 
Field Methods
Same as for Scoping Proposal 2, with the addition of road segment data verification generated from GIS. 
Analysis
Same as for Scoping Proposal 2 with additional task of field vs. GIS comparison of road segments and properties. 
Reporting
Same as for Scoping Proposal 2, with the addition of reporting on the efficacy of GIS-based road segment identification and quantification.
Knowledge Contribution
This proposal seeks to leverage substantial statewide investment in airborne lidar data to improve the characterization of road properties that dictate hydrologic connectivity. 
Cost
To be determined…
PROS:	time and cost savings
CONS:  some methods development required.

3.5.	Scoping Proposal 4: Road-Stream Hydrologic Connectivity based on FRIA and compliance monitoring.
Approach
The new FPA rules include a Forest Roads Inventory & Analysis (FRIA) process in which large landowners are required to conduct a full inventory of roads on their lands, identify whether all segments are hydrologically disconnected (to the extent practicable), and report annually on non-compliant segments that are remediated. This census of road data could be used to track changes over time. Small landowners are only required to report on roads used in active harvest operations, so data for these ownerships would be limited but would focus on high potential delivery segments given the influence of timber hauling traffic on sediment delivery. A disadvantage of the FRIA approach is that the self-evaluation of connectivity may vary considerably between landowners. This should be mitigated to some extent by the fact that landowners are required to have annual data review meetings with ODF and ODFW personnel. A second mitigating factor could be to use the ODF compliance monitoring program to validate FRIA data. If compliance monitoring would integrate a basic measure of RSHC and visit sufficient sites, their data could be used to estimate the accuracy of the landowner reported data and adjust results accordingly. An added advantage of the compliance monitoring program is that it is not dependent on obtaining landowner permissions, so data should not be biased or limited by ownership.
Methods
Sampling Design
FRIA will collect all roads data from all large landowners and active roads data from small landowners. If compliance monitoring data are used for validation, additional sites may be needed to provide the necessary statistical power, and sites may need to be stratified to adequately cover any covariates of interest.
Field Methods
May need additional development of an RSHC protocol for the compliance monitoring program.
Analysis
Connected and disconnected road lengths can be summed by landowner type and by various geographic units (e.g. east/westside, subwatersheds) as desired. Compliance data will be similarly analyzed and used to adjust FRIA values if differences are found.
Reporting
Simple binary reporting on connected and disconnected road lengths will start in year 5. This can include both the 2024 baseline as well as progress made in the first 5 years. After this, FRIA will continue to report changes annually.
Knowledge Contribution
This approach will only report on a binary measure of hydrologic connectivity, no partial or probability measures, nor any estimate of sediment delivery. It utilizes the complete census of roads being developed by large landowners, instead of relying on a relatively small subsample of sites. The self-evaluation of connectivity may vary considerably between landowners, so additional measures will be needed to address that. Landowners are not required to complete their first full inventory of roads until year 5 (2029), which may be a year or two later than other options relying on independent sampling. However, it should be possible to reliably generate the 2024 baseline from the records landowners are required to submit to ODF. 
Cost
Low: FRIA and compliance monitoring will be conducted under the existing ODF budget. Some additional funding may be required to increase compliance monitoring sites and conduct the related validation analyses.
3.6.	Scoping Proposal 5: Test of Assumption 1 – The ODF road and stream GIS layers are adequate to describe extent of delivering road length
Approach
Reliable estimates of RSHC and sediment delivery require sampling from all portions of a road network that are likely to be connected to streams.  A key assumption of our sampling design for Scoping Proposals 1 and 2 (3?) is that existing road and stream layers available to us through the ODF GIS system are accurate and comprehensive enough that they enable us to identify the majority of road-stream connections, such that a reasonable estimate of RSHC can be obtained without first ensuring comprehensive road inventories are completed and digitized.  We propose to test this assumption by … conducting comprehensive inventories on a sub-sample of the watersheds in our sample universe by landowner type and georegion? 
Methods
Sampling Design
Field Methods
Analysis
Reporting
Knowledge Contribution
This is a key assumption.  Testing for validity will improve confidence in results.
Cost
To be determined…
PROS:	If we find that the existing ODF road and stream layers are adequate, then we will have confidence in our status and trends results without further efforts to obtain comprehensive road inventories.  If we find one or the other or both are insufficient to identify important road-stream hydrologic connectivity points, then we will have to adjust our results, either with a correction factor, statements about confidence, or by delaying further sampling until comprehensive road inventories are completed.
CONS:  Road inventories of HUC 12 sub-basins are likely to be costly and time consuming.

3.7.	Scoping Proposal 6:  Test of Assumption 2 – GIS-derived road-stream proximity buffer of 100-ft is adequate to identify full extent of delivering road length.
Approach
Dube et al. (2010) constrained their field efforts by sampling a fixed area (4 mi2) as an estimate of a sub-basin’s RSHC condition, rather than by conducting a comprehensive sub-basin road inventory.  Even so, they found that on average, 11% of the road lengths in their sample delivered to streams.  Similarly small fractions of the total road system have been found to deliver in many other studies (Martin 2009 [12%], Benda et al. 2019 [14%], Faubian 2020 [1-9%], Coe 2006 [ 25%], Al Chjokhachy et al. 2016 [4-5%]). The IRST proposes to improve sampling efficiency by sampling only those road segments in a HUC 12 sub-basin with a high probability of delivering water (and sediment) to streams.  The chosen 100-ft “proximity buffer” applied to roads is expected to identify the most significant RSHC points that derive from cross-drains diverting water across fillslopes. The width of this buffer is within ranges reported in studies where fillslope plume lengths have been measured in the western U.S. (e.g., Benda et al. 2019, Coe 2006, Burroughs and King 1989, Ketcheson and Megahan 1996, Brake et al. 1997, Woods et al. 2006), and accounts for expected errors associated with GIS mapping.  We propose to test the accuracy of the remotely-sensed proximity buffer by on-the-ground measurements, both up and down the road, from the uproad-most end of all mapped proximity buffers in our samples.
Methods
Sampling Design
Field Methods
Analysis
Reporting
Knowledge Contribution
Targeting road segments with a high probability of delivery to streams gets at the heart of the issue of RSHC and should reduce the cost of field efforts substantially
Cost
To be determined.  Raines et al. (2005) estimate a field technician can survey 1 square mile of a road network per day, assuming a 5 mi/mi2 road density.  This estimate of roughly 5 miles of road survey per person per day can be used to develop costs of our field efforts.
PROS:	A field-validated proximity buffer will support site selection and associated cost savings.
CONS:  

3.8.	Scoping proposal 7.  Test of Assumption 3 – QA/QC plan achieves acceptable level of variability among field technicians.
Approach
Dube et al. (2010) conducted tests of crew variability in measurements of delivering road lengths and sediment yields.  They found “The variability in delivering length and calculated total sediment production among observers on a single segment or section of road is quite large relative to differences among road segments” (p. 22).  From this they stressed the need to minimize observer variability via training or other means.  The IRST proposes that a strong QA/QC program, including rigorous observer training, be considered as part of any of the monitoring efforts chosen by AMPC.
Methods
Sampling Design
Status
Training of field crews in advance (and during) a particular sampling event should constrain observer errors for data collected at that event.
Trends
Different observers are likely to be re-surveying repeated sites and new sites at each sampling interval.  Therefore, another source of observer error is likely to be introduced at subsequent sampling events.
Field Methods
Analysis
Reporting
Knowledge Contribution
Cost
To be determined…
PROS:		
CONS:  

3.9.	Scoping proposal 8.  Development of Oregon-Specific RSHC Performance Measures.
Approach
In addition to reporting on status and trends of metrics for hydrologic connectivity (delivering road length) and sediment delivery, Dube et al. (2010) were able to report these values relative to performance targets developed for different georegions in Washington State.  These performance targets were based on “sediment production estimates for forest road networks across Washington inventoried as part of Watershed Analyses done during the 1990s. Watershed analysts compiled road sediment delivery within sub-basins of similar scale to this study, each of which was given an aquatic hazard rating of Low, Moderate or High.” (p. 3).  No such target values or RSHC or sediment delivery have been developed for Oregon.
Methods
Sampling Design
Field Methods
Analysis
Reporting
Knowledge Contribution

Cost
To be determined…
PROS:	This work is needed to answer AMPC’s question regarding the extent to which road rules associated with hydrologic disconnection are effective at achieving biological goals and objectives of the PFA HCP.  An alternative to exploration of Oregon-specific metrics, the performance measures developed for measuring effectiveness of rules governing RSHC in Washington’s Private Forest’s HCP could be used (See Raines et al. 2005 for a description of these measures).  Another alternative is to develop metrics consistent with the Biological Goals and Objectives that will be defined as part of the Private Forests HCP that is under development in Oregon.
CONS:  Establishing quantitative relationships between watershed inputs like sediment and aquatic resources (fish and amphibian habitat or populations) is difficult.  High natural variability in the timing, amounts, and locations of inputs, coupled with differing degrees of sensitivity of aquatic biota, can confound efforts to set reliable performance metrics.




Other materials
Propose to use the WARSEM correction factors developed by Bohle and Dube (2015) for sediment estimates in watersheds west of the Cascade Mt. Crest?

Table X.  Analytical methods for reported measures and for road sub-basin scale effectiveness
monitoring questions and hypotheses (modified from Raines et al. 2005).
	Monitoring Questions and Hypotheses
	Reported Monitoring Measures
(by HUC 12  sub-basin)
	Analytical Methods

	Option 1:  Road-Stream Hydrologic Connectivity Only

	Monitoring Question 1a
-Status-
What is the condition of forest roads at each sample event with regard to road-stream hydrologic connectivity
	1. Total road length draining to streams (delivering road miles/mi2)
2. Percent of road network draining to streams
	For each sampling event, summary statistics for each attribute and category statewide, and by ownership and georegion.

	Monitoring Question 1b
-Trends-
Has road-stream hydrologic connectivity been reduced over time? 
	
	

	Hypothesis 1a
No reduction in road drainage connectivity to streams has occurred since
the previous sampling event(s)
	1. Total road length draining to streams (delivering road miles/mi2)
2. Percent of road network draining to streams
	A. Summary statistics of differences between sampling events for each attribute statewide, and by ownership and georegion
B. Significance of differences between sampling events (paired t-test)

	Monitoring Question 1c

	
	

	Hypothesis 1b
There is no direct relationship between the percentage of the road system that is judged to meet road standards and the reported road drainage connectivity metric.
	Miles of forest road delivering to streams per miles of stream by percent of road length meeting performance standards
	Bivariate regression of reported measures

	

	Option 2:  Road-Stream Hydrologic Connectivity Plus Sediment Estimates

	Monitoring Question 2a
-Status-
What is the condition of forest roads at each sample event, specifically those attributes management can change relative to sediment production and delivery?
	1. Total road length draining to streams (delivering road miles/mi2)
2. Percent of road network draining to streams
3. Percent of high probability* roads in each surface category
4. Percent of high probability roads in each traffic category
5. Percent of high probability roads in each cutslope cover category
6. Percent of drainage points by connectivity class
7. Percent of high probability roads in each road rutting category
8. WARSEM-modeled tons of road sediment delivered to streams per miles of stream per year
	For each sampling event, summary statistics for each attribute and category statewide, and by ownership and georegion.

	Monitoring Queston 2b
-Trends-
Have road attributes that affect sediment production and delivery improved over time?
	
	

	Hypothesis 2a
No improvement in road attributes that affect sediment production and delivery has occurred since the previous sampling events
	1. Road surfacing index
2. Road traffic index
3. Cutslope cover index
4. Miles of delivering road with ruts interfering with drainage
5. WARSEM-modeled tons of road sediment delivered to streams per miles of stream per year
	A. Summary statistics of differences between sampling events for each attribute category, statewide, and by ownership and georegion

B. Significance of between between-event differences (paired t-tests)

	Monitoring Question 2c
Do roads judged to meet PFA standards minimize RSHC?
	
	

	Hypothesis 2b

	WARSEM modeled tons of road sediment delivered to streams per miles of stream per year by the percent of road length meeting performance standards
	Bivariate regression of reported measures


*High probability roads are those with fillslopes occurring within 100-ft of streams (or other natural water bodies) as determined by GIS proximity analysis.
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