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This scoping proposal is submitted to the Adaptive Management Program Committee as a requirement of the Oregon Department of Forestry Adaptive Management Program rules (Chapter 629, Division 603). 
The contents of this report reflect the views of the Independent Research and Science Team (IRST), which is solely responsible for the facts and accuracy of the material presented. This scoping proposal does not constitute a standard, specification, or regulation.
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To be completed when report is completed	Comment by Gordon, Sean N: Red text indicates areas where we need or may want to add text.
The Independent Research and Science Team (IRST) was established to support the work of the Oregon Department of Forestry Adaptive Management Program Committee (AMPC) by responding to AMPC-developed research question packages. The AMPC-submitted research questions pertaining to roads-stream connectivity are:
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1. [bookmark: _Toc197242085]Introduction
[bookmark: _Toc197242086]1.1 	Background and Project Purpose
The Independent Research and Science Team (IRST) was established via Senate Bill 1501 as part of the Oregon Department of Forestry’s Adaptive Management Program. The IRST supports the work of the Adaptive Management Program Committee (AMPC) by responding to AMPC-developed research questions packages. Per rule, and in consultation with the AMPC, the IRST refines preliminary research questions into final research questions, then develops scoping proposal(s) to address those questions. The scoping proposal(s) need(s) to include: 
· A literature review that specifies the need for, or the type of, monitoring, research, commissioned studies, or other means of scientific inquiry necessary to answer the finalized research questions mentioned above; 
· A preliminary estimate of the budget for each year of the research, and a timeline to complete the research project with specific deliverables; and,  
· A preliminary description of research project requirements, scope of work including an estimate of the timeline and key milestones, and an estimate of the degree to which knowledge may be improved if the research proposal is implemented.
As per OAR 629-603-0200, the IRST develops requests for proposals (RFP) in an open, competitive process after the AMPC and Board of Forestry approve an AMPC research agenda that is based on IRST scoping proposal(s) ( Figure 1).
[image: ]
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[bookmark: _heading=h.lnxbz9][bookmark: _Hlk187574488]Figure 1. Adaptive Management Process. 

[bookmark: _Toc197242087]1.2	Research questions
On June 24, 2024, the AMPC approved the finalized research questions package (Appendix A) pertaining to road-stream connectivity. The final questions were structured around baseline reporting, trend monitoring, and determining rule effectiveness (Table 1).

	Table 1. AMPC road-stream hydrologic connectivity research questions.

	
	

	1. Baseline report
	a. What is the baseline status of hydrologic connectivity of roads prior to the implementation of the OFPA road rules effective Jan 1, 2024?
b. How does the status of hydrologic connectivity differ based on landowner type and East/West region?
c. 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?



1. 

[bookmark: _Toc192837854][bookmark: _Toc197242088]2. Scoping Literature Review	Comment by kelly burnett: Based on feedback from AMPC, I suggest putting most of this in an appendix. Keep the summarized, bulleted list for this section.
[bookmark: _Toc192837855][bookmark: _Toc197242089]Introduction
There is a A large body of scientific literature detailson the impacts of roads on hydrologic processes. Reviews of can be found in Dubé et al. (2004), the Private Forest Accord (2022), and Kastridis ( 2020). The physical processes that govern hydrologic connection between road and stream networks are generally well-understood. Specifically, Tthe 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. Rather than a focus on impacts, this review focuses on measurement and monitoring methods to generate scoping proposals to answer AMPC questions. Special attention is given to Dubé et al. (2010) and Martin (2009), as they were cited in the Private Forest Accord (2022) as examples.
Assessing connectivity between roads and streams can be quite challenging in practice. A key first step is deciding on a definition. For the purposes of implementing the Oregon Forest Practices Act (FPA), hydrologic disconnection is “the removal of direct routes of drainage or overland flow of road runoff to waters of the state” (OAR 629-600-0100 (71)). However, the Oregon Forest Practices Rules (FPR) lack definition of hydrologic connection. In March 2025, the IRST developed the following as its working definition of road-stream hydrologic connectivity (RSHC): "A road segment is considered hydrologically connected where surface runoff from road cuts, ditches, running surfaces, and fills exhibits a continuous surface flow path to a natural stream channel."	Comment by kelly burnett: Moved this definition up. Need to orient the reader before talking about the levels.
FourThere is a large body of scientific literature on the impacts of forest roads on hydrologic processes. Reviews of can be found in Dubé et al. (2004), the Private Forest Accord (2022), and Kastridis ( 2020). The physical processes that govern hydrologic connection between road and stream networks are generally well-understood. 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. Rather than a focus on impacts, this review focuses on measurement and monitoring methods to generate scoping proposals to answer AMPC questions from the AMPC.. Special attention is given to Dubé et al. (2010) and Martin (2009), as they were cited in the Private Forest Accord (2022) as examples.
We consider fFour levels of road-stream hydrologic connectivity (RSHC) effectiveness monitoring can be considered: 1) simply the physical connections between roads and streamssimple hydrologic connectivity, 2) sediment inputs from roads to streams, 3) runoff and sediment effects on aquatic habitats, and 4) runoff and sediment effects on aquatic species populations. Emphasis of AMPC questions seems to bebewere on the physical connectionssimple connectivity, however, the final question references achieving biological goals and objectives, which include runoff and sediment as related to habitat needs of covered species habitat needs. Given these questions and the Dubé/Martin examples, we focus on methods for measuring or estimating connectivity as the first priority, buthowever,however, we ., Hhowever, also address include methods for estimating sediment inputs and habitat/species impacts are also addressed to a lesser degree. Because of the overlap in methods among connectivity and sediment monitoring and habitat/population monitoring, the review has been collapsed into two corresponding sections.	Comment by kelly burnett: This assumes that AMPC isn't interested in the effects of increased water delivery on habitats or organisms. If not then we need to revise 4) to "sediment effects on aquatic...". If they are, then we need to either delete sediment from 3) or make sure both 3) and 4) say "runoff and sediment effects on ..." The next sentence seems to indicate that we think they are interested in both runoff and sediment.	Comment by Homyack, Jessica : Organizational comment - I was expected the next sections to be numbers 1-4. I’m not following how the lit was organized into these sections.  
[bookmark: _Toc197242090][bookmark: _Hlk197015680]Hydrologic Connectivity and Sediment Delivery Monitoring
In a forested landscape, Cchronic sedimentation is typically a primary concern the main impact from road-stream connectivity on aquatic species, thus a number of methods have been devised to characterize measure sediment delivery. 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). The literature tends to address hydrological connectivity and sediment delivery together, with the former being an element of and precursor to the latter. Martin (2009) is an exception in that only connectivity was measured.	Comment by kelly burnett: This isn't necessarily true. Increased water flows can negatively affect organisms through numerous processes	Comment by kelly burnett: Some of these are relative and so I wouldn't say measure.
Chronic sedimentation is typically the main impact from road-stream connectivity on aquatic species, thus a number of methods have been devised to measure sediment delivery. 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). The literature tends to address hydrological connectivity and sediment delivery together, with the former being an element of and precursor to the latter. Martin (2009) is an exception in that only connectivity was measured.
[bookmark: _Toc197242091]Measurement	Comment by Homyack, Jessica : The sub-headings are not intuitive to me in terms of their order
To characterize RSHC, roads are typically divided into segments that drain to a common point and share other related characteristics (surfacing, traffic, slope). All the efforts reviewed based their data collection and analyses on road segments, although their delineation methods varied. Measuring connectivity consistently can be quite challenging in practice. A key first step is deciding on a definition. Hydrologic disconnection is defined in the Oregon Forest Practices Act (FPA) as “the removal of direct routes of drainage or overland flow of road runoff to waters of the state” (OAR 629-600-0100 (71)), ; however, in rule, there is no definition of hydrologic connection. In March 2025, the IRST developed the following as its working definition of road-stream hydrologic connectivity: "A road segment is considered hydrologically connected where surface runoff from road cuts, ditches, running surfaces, and fills exhibits a continuous surface flow path to a natural stream channel."	Comment by kelly burnett: Moved up from the section on Sampling Design because this applies to measurement and not design.
Field methods	Comment by kelly burnett: Need to add a heading here.
For the Dubé et al. (2010) study, RSHC was determined visually by field crews using a flowchart protocol (Watershed Professionals Network 2009).(Watershed Professionals Network 2009). Six categories levels of connectivity were recorded in the fieldtheir field assessment: none, sediment ; direct delivery; 35% delivery, 10% deliverysediment plume reaching or nearly reaching a stream,,; direct via gully or from road structure,,; or and a road paralleling a stream within 20 ft. They implemented a Quality Assurance/Quality Control (QA/QC) protocol and found observer differences to be substantial, which they addressed through further training and mixing of teams. Martin (2009) did not describe RSHC determination methods, however, they are assumed to be similar to Dubé.those used by Dubé et al. (2010).  .For sediment estimates, field crews measured numerous aspects of delivering road segments such as slope, surfacing, maintenance level, ditch conditions, cutslope conditions, and vegetation. Dubé.
[bookmark: _Toc197242092]What extra data collection was needed to inform the sediment modeling?	Comment by kelly burnett: This section doesn't seem to have a clear purpose.
As part of the 2024new Oregon Forest Practice Rules (FPR), large landowners (those owning >(>5,000 ac) will be required to assess their road systems for connectivity and other aspects (e.g., fish passage) in a process known as the Forest Roads Inventory and Analysis (FRIA). Large landowners must inventory their entire road system by 2029 whereas small landowners will only be required to check for connectivity when roads are used in active harvest operations. Landowners must assign and only report road status with regard to compliance with forest practices rules using four categories of compliance with the FPRs: meets or does not meet FPR standards, is vacated, or has been abandoned. They are not required to assess FPR effectiveness.
Geomorphic Road Analysis and Inventory Package (GRAIP) is a widely applied field-based assessment developed by the Forest Service Rocky Mountain Research Station and Utah State University. The model predicts road to stream hydrologic connectivity, sediment production and delivery to streams, downstream sediment accumulation, risks of shallow landslides caused by roads, gully initiation risk below drain points, and risks to road-stream crossings (Black et al. 2012; Cissel et al. 2012).	Comment by kelly burnett: This is out of place here and needs to be moved to the modeling section below. It's also not clear why this model would be highlighted when it wasn't used by Dube and other models typically provide the same outputs.
Geomorphic Road Analysis and Inventory Package (GRAIP) is a widely applied field-based assessment developed by the Forest Service Rocky Mountain Research Station and Utah State University. The model predicts road to stream hydrologic connectivity, sediment production and delivery to streams, downstream sediment accumulation, risks of shallow landslides caused by roads, gully initiation risk below drain points, and risks to road-stream crossings (Black et al. 2012; Cissel et al. 2012).	Comment by Jeff Light: This seems out of place.  Why describe only this alternative method?  
[bookmark: _Hlk197089846]Several field methods have been developed used to get the most mostimprove accuracy of accurate estimatesestimatesd of sediment contributions iinputs to streams from RSHC, by directly measuring sediment outputs from road segments.  These including include tipping buckets, sediment traps, and visual observations of instream water. Logistics limit actual field sampling of sediment to relatively small areas, thus monitoring at the scale envisioned by AMPCAMP has generally been done using field calibrated or even uncalibrated models or those with limited field calibration.
GIS/Remote Sensing
Remote sensing and GIS analysis have been increasingly used to identify and characterize forest roads and road-stream hydrologic connectivity. Given the limitations of optical imagery in dense, closed canopy forests, much of the relevant literature focuses on airborne LiDAR, which can penetrate canopy and achieve moderate-to-high ‘bare earth’ point density. 
Several studies have tested the ability of airborne LiDAR data to map road networks and they demonstrate that airborne LiDAR can be used to map road networks with high accuracy (Kardoš et al. 2024), including abandoned/deactivated roads (Beck et al. 2015; White et al. 2010). Early efforts involved manual GIS work to map road surfaces from LiDAR-derived coverages, but recent studies highlight the efficacy of automated tools for road network extraction (Even and Ngo 2021; Ferraz et al. 2016; Wiskes et al. 2023). GIS tools using LiDAR enable the quantification of road geometry, such as segment length, width, slope, cutbank height, and more, with high accuracy (Hatta Antah et al. 2021; Pradhan and Ibrahim Sameen 2020). A multitude of studies have used GIS tools to map and quantify road-stream hydrologic connectivity by using flow routing algorithms to intersect road drainage flow paths with stream layers and drainage features (Benda et al. 2019; Roelens et al. 2018). These RSHC approaches have been applied in steep as well as gentle settings and they can be used to generate maps of connected road systems or revise existing maps of road-stream connectivity to inform field surveys and facilitate validation (Benda et al. 2016). GIS analysis has been shown to be effective for assessing road status (e.g., active, abandoned) as well as quality (e.g., structural condition, surface geometry, ditches) over relatively large areas, which greatly reduces the need for extensive field surveys (Waga et al. 2020a,  2020b).
Remote sensing and GIS analyseisanalysis have been increasingly used to identify and characterize forest roads and road-stream hydrologic connectivity. Given the limitations of optical imagery in dense, closed canopy forests, much of the relevant literature focuses on airborne LiDAR, which can penetrate canopy and achieve moderate-to-high ‘bare earth’ point density. Several studies have tested the ability of airborne LiDAR data to map road networks and they demonstrate that airborne LiDAR can be used to map road networks with high accuracy (Kardoš et al. 2024), including abandoned/deactivated roads (Beck et al. 2015; White et al. 2010). Early efforts involved manual GIS work to map road surfaces from LiDAR-derived coverages, but recent studies highlight the efficacy of automated tools for road network extraction (Even and Ngo 2021; Ferraz et al. 2016; Wiskes et al. 2023). GIS tools using LiDAR enable the quantification of road geometry, such as segment length, width, slope, cutbank height, and more, with high accuracy (Hatta Antah et al. 2021; Pradhan and Ibrahim Sameen 2020). A multitude of studies have used GIS tools to map and quantify road-stream hydrologic connectivity by using flow routing algorithms to intersect road drainage flow paths with stream layers and drainage features (Benda et al. 2019; Roelens et al. 2018). These RSHC approaches have been applied in steep as well as gentle terrain settings and they can be used to generate maps of connected road systems or revise existing maps of road-stream connectivity to inform field surveys and facilitate validation (Benda et al. 2016). GIS analysis has been shown to be effective for assessing road status (e.g., active, abandoned) as well as quality (e.g., structural condition, surface geometry, ditches), which greatly reduces the need for extensive field surveys (Waga et al. 2020a,  2020b).
Modeling
Numerous models have been developed to estimate runoff and sediment yield from forest these roads. Two types of models are generally used: empirical and physical process-based. Empirical models applyuse relationships describing sediment production and delivery derived from research on road erosion (e.g., WARSEM [Washington Road Sediment Estimation Model, Dube et al. 2004], USLE/RUSLE [Universal Soil Loss Equation/Revised] (Dissmeyer and Foster 1980), GRAIP and GRAIP-lite [Geomorphic Road Analysis and Inventory Package] (Black et al. 2012; Cissel et al. 2012; Nelson et al. 2014). The GRAIP and most other of the empirical  models predict road to stream hydrologic connectivity, sediment production and delivery to streams, downstream sediment accumulation, risks of shallow landslides caused by roads, gully initiation risk below drain points, and risks to road-stream crossings (Black et al. 2012; Cissel et al. 2012). The NW Forest Plan Aquatic and Riparian Effectiveness Monitoring Program (AREMP; Dunham et al. 2023) uses the GRAIP-lite model to assess RSHC and sediment delivery. These empirical models all use similar basic inputs on road characteristics to estimate sediment production from surface erosion.
Physical process-based models use regionalized parameters for inputs and can provide have been used to estimates of sediment production from individual road segments (e.g. WEPP:Road [Water Erosion Prediction Project]  (Elliot 2013), DHSVM [Distributed Hydrology Soil Vegetation Model] (Wigmosta et al. 2002), and whole watersheds (e.g., READI [Road Erosion And Delivery Index]) (Benda et al. 2019). 
Tests of these models using field-measured sediment production show all are inaccurate, sometimes by large amounts (Bohle and Dubé 2015) (Dubé et al. 2011; Faubion 2020; Fu et al. 2010; Skaugset et al. 2011). Calibrating the models with local sediment production data can improve the accuracy of estimates (Bohle and Dubé 2015). 
Despite issues with accuracy, the models are useful for generating relative estimates of sediment production, which can identify road segments with the highest probability of delivering water and sediment to streams. Relative estimates are also useful for measuring change in sediment inputs, for example, where efforts have been made to reduce RSHC.
[bookmark: _heading=h.lps5r0sf9zzd]Sampling Design
Numerous models have been developed to estimate runoff and sediment yield from these roads. Two types of models are generally used: empirical and physical process-based. Empirical models use relationships describing sediment production and delivery derived from research on road erosion (e.g., WARSEM [Washington Road Sediment Estimation Model, Dube et al. 2004], USLE/RUSLE [Universal Soil Loss Equation/Revised] (Dissmeyer and Foster 1980), GRAIP and GRAIP-lite [Geomorphic Road Analysis and Inventory Package] (Black et al. 2012; Cissel et al. 2012; Nelson et al. 2014). The NW Forest Plan Aquatic and Riparian Effectiveness Monitoring Program (AREMP; Dunham et al. 2023) uses the GRAIP-lite model to assess RSHC and sediment delivery. These empirical models all use similar basic inputs on road characteristics to estimate sediment production from surface erosion.	Comment by kelly burnett: This section was rearranged to answer why you might want to sample.
Physical process-based models use regionalized parameters for inputs and have been used to estimate sediment production from individual road segments (e.g. WEPP:Road [Water Erosion Prediction Project]  (Elliot 2013), DHSVM [Distributed Hydrology Soil Vegetation Model] (Wigmosta et al. 2002), and whole watersheds (e.g., READI [Road Erosion And Delivery Index]) (Benda et al. 2019). 
Tests of these models using field-measured sediment production show all are inaccurate, sometimes by large amounts (Bohle and Dubé 2015) (Dubé et al. 2011; Faubion 2020; Fu et al. 2010; Skaugset et al. 2011). Calibrating the models with local sediment production data can improve the accuracy of estimates (Bohle and Dubé 2015). Despite issues with accuracy, the models are useful for generating relative estimates of sediment production, which can identify road segments with the highest probability of delivering water and sediment to streams. Relative estimates are also useful for measuring change in sediment inputs, for example, where efforts have been made to reduce RSHC.
[bookmark: _Toc197242093]Sampling Design
Spatial
To sample or not?  That is the question. If the area of interest is small, field or desk-based studies may be able to provide a full inventory of roads in the area of interest. GRAIP has typically been used to create a census of roads for particular limited areas
For larger areas, it may not be necessary to sample depending on the information desired and whether accurate and comprehensive mapping is available for both roads and streams. For example, the AREMP was able to model RSHC for all roads in their area of interest with the uncalibrated GRAIP-lite model based on a compilation of agency road inventories. However, the only road condition change categories available consistently included road segments that were active or decommissioned, thus limiting the detail of the results. FRIA will create another example of a census approach in which large landowners are required to conduct a complete inventory of their roads, but the information collected will be limited. 
When field-based methods or field-calibrated models are desired over a large area, given costs and time required, selecting samples based on a predetermined design may be necessary. For example, Dubé et al. (2010) considered sampling by subwatersheds (average area = 6.26 mi2), but rejected that idea because statewide mapping was incomplete. Instead, they opted for four-square-mile sample units based on aggregating quarter sections from the general land survey, based on a pilot study by (Raines et al. 2005). A benefit is that the sections are more likely to follow property lines. However, effects on aquatic systems may be better characterized using subwatersheds, which have been mapped at multiple spatial scales for the entire state of Oregon (                           )

Given costs and time required, field-based methods and field-calibrated models generally must rely on limited samples taken from the broader area of interest. (Dubé et al. (Dubé et al. 2010)2010) considered sampling by subbasins (average area = 6.26 mi2), but opted not to use these because statewide mapping was not complete and the much larger proportion of headwater basins inferred that larger mainstem streams might be missed. Instead, they opted for four-square-mile sample units based on aggregating quarter sections from the general land survey, based on a pilot study by (Raines et al. 2005).Instead, they opted for four-square-mile sample units based on aggregating quarter sections from the general land survey, based on a pilot study by (Raines et al. 2005). A benefit is that these sections areweare more likely to follow property lines. , creating efficiencies with landowner contacts. 	Comment by kelly burnett: This isn't an issue if we use HUCs because these aren't all true watersheds. Many of the 6th field HUCs include large rivers. A sampling design could easily overlay stream order (which is already on ODF's regulatory stream layer) with HUC boundaries to ensure larger streams are included.
Smaller scale or desk-based studies may be able to do a full inventory of roads in the area of interest. GRAIP has typically been used to create a census of roads for particular limited areas, but an un- or lightly calibrated modeling approach can potentially evaluate all roads in a broad area, based on GIS inventory of roads and streams. The AREMP was able to model RSHC for all roads in their area of interest using the uncalibrated GRAIP-lite model using a compilation of agency road inventories. However, the only road condition change categories available consistently included road segments that were active or decommissioned, thus limiting the detail of the results. FRIA will create another example of a census approach in which large landowners are required to conduct a complete inventory of their roads.
At the most local sampling level, roads are typically divided into segments that drain to a common point and share other related characteristics (surfacing, traffic, slope). All the efforts reviewed based their sampling and analyses on road segments, although their delineation methods varied.	Comment by kelly burnett: This needs to come earlier because it isn't related to sampling but applies to field measurements, GIS, and modeling.
Covariates/Stratification
Roads-stream hydrologic connectivity and sediment delivery have been found to be influenced by both human-caused factors (location, surfacing, traffic) and environmental factors (slope, soils, geology, rainfall patterns) (Kastridis 2020). Roads-stream hydrologic connectivity is affected by numerous environmental and human-made influencesCovariates reflecting such factors, which  can be either explicitly integrated into the sampling design or data about these can be collected simply noted during field work and analyzed post hoc. The former increases chances that statistically-based conclusions can be generated but also increases the sample size needed for each covariate. Roads-stream hydrologic connectivity and sediment delivery have been found to be influenced by both human-caused factors (location, surfacing, traffic) and environmental factors (slope, soils, geology, rainfall patterns) (Kastridis 2020).
Roads-stream hydrologic connectivity is affected by numerous environmental and human-made influences, which can be either explicitly integrated into the sampling design or simply noted during field work and analyzed posthoc. The former increases chances that statistically-based conclusions can be generated but also increases the sample size needed for each covariate. Roads-stream hydrologic connectivity and sediment delivery have been found to be influenced by both human-caused factors of roads (location, surfacing, traffic) and environmental factors associated with the location  (slope, soils, geology, rainfall patterns) (Kastridis 2020).
AMPC question 1b asks how results vary by OFPA landowner type, which are divided into large industrial  (>5,000 ac) and small landownersnon-industrial, and by OFPA geographic region (east/west). In stratifying by ownership, Dubé et al. (2010) encountered challenges aggregating sufficient blocks in more fragmented non-industrial ownerships and in obtaining landowner permissions. As a result, ~95 percent of their sampled area came from industrial and state/local government owners. Dubé et al. (2010) stratified their sampling by three geographic regions (Coastal/Spruce, West of Cascade Crest, East of Cascade Crest), which were based on performance targets established by these regions in prior watershed analyses. Their overall sample design considered the proportion of eligible lands within each of these zones. 	Comment by kelly burnett: Industrial and non-industrial are not part of the OFPA or OAR definitions. Just large and small landowners.
A study that stratified by more specific environmental variables, such as granitic and volcanic geologies (Cabrera et al. 2016), found significantly different base erosion rates. (Sheridan et al. (2013) stratified by stream size because the same amount of sediment in a small stream has a greater potential to affecteffect biota compared to that amount of sediment in a larger stream.
A study that stratified by more specific environmental variables, such as granitic and volcanic geologies (Cabrera et al. 2016), found significantly different base erosion rates. (Sheridan et al. 2013) stratified by stream size because the same amount of sediment in a small stream has a greater potential to effect biota compared to that amount of sediment in a larger stream.
[bookmark: _Toc197242094]What other ODF rule-based covariates might be considered?	Comment by kelly burnett: I know of no others.
Temporal Sampling	Comment by kelly burnett: Either need to delete "Sampling" here or add it to follow "Spatial" in the heading above.
Timing of sampling is critical for establishing baseline and trend estimates of RSHC. Dubé et al. (2010) faced a number of related challenges, which are likely to be similar for the Oregon AMP process. First, The time it takes to get a sampling effort executed is one such consideration. impacts the ability to develop a pre-FRIA baseline.. The original vision in Washington was to have a first sample before significant RMAP work on Road Maintenance and Abandonment Plans (RMAP) work had been accomplished, a second sample mid-way through RMAP efforts, and a third sample after RMAP was completed. However, the first sample was collected in 2006/2007., X years after the Washington road upgrade process was underway.. These results were reviewed by the Independent Scientific Peer Review Committee (ISPR  and approved by the Cooperative Monitoring, Evaluation, and Research (CMER) group in early 2010 and represent a point mid-way through RMAP efforts. In terms of trend, timing and budgetary considerations have delayed the follow up samplesampling, e to Dube et al. (2010) which was intended to show trend and efficacy. It is now scheduled to occur in 2028, well after RMAP completion in 2021 (2023-2025 fp_cmer_wrkplan.pdf).	Comment by Jeff Light: This is interesting, and somewhat relevant, but it clutters our treatment of this aspect of our work.  Instead, offer our ideas of how we will get around this, such as using the landowner reports to screen out road segments that have been recently upgraded to meet BMPs.
AREMP on a 5-year assessment cycle.	Comment by Jeff Light: Why 5-yr?  The 5-year reassessment interval of CMER was subjectively chosen.  Was it more objectively chosen in AREMP?  I suggest we tie into FRIA timeline for our first reassessment after baseline visit.  Or simply say we need a minimum of 3 visits to get status and trends info, and let contractors propose a proper interval?	Comment by kelly burnett: I suggest handling this in a sentence or two. Saying something like, repeated sampling needs to match the time scale of  the processes of interest that are driving change. Sampling intervals that are too short may capture the effects of processes that are not relevant to answering the AMPC questions or result in redundant data collection for periods where the process of interest are relatively static. Sampling intervals that are too long may miss important variability. Examples of each could be provided if desired.
Determine other temporal sampling examples; assume most over relatively short periods, (days/weeks/months) but this may lead into discussion of weather effects on sampling, wet/dry weather sampling	Comment by Jeff Light: I don’t think this is necessary for this scoping proposal
[bookmark: _Toc197242095][bookmark: _Hlk197015667]Assessment
Measurement and sampling choices should be driven by determining how to ultimately assess the data. The main studies we reviewed have used relatively simple metrics. For RSHC, Dubé et al. (2010) reported connected road length (both per square mile and per mile of stream), whereas for sediment, Dubé et al. (2010) used the WARSEM model to estimate tons of delivered sediment/year/mile of stream. Dubé et al. (2010) also used performance target ranges from prior agency work that were established from the low-medium categories of an expert rating of watersheds for aquatic risk. 
The AREMP measured changes in modeled connected road length by Hydrologic Unit Code (HUC) 12HUC12 (km/km2). Sediment delivery values were divided by the subwatershed area to account for subwatersheds of varying size. The sediment model was not calibrated for local geology, climate, or other influences, thus results were interpreted as relative.
Studies have generally found that a relatively small percentage of the road network (1%–25%) was hydrologically connected to streams (Benda et al. 2019; Coe 2006; Dubé et al. 2010; Faubion 2020; Martin 2009).	Comment by kelly burnett: Out of place here. Important point for context. But, as written, it needs to be moved or deleted. It's a finding about a metric not a metric.
Studies have generally found that a relatively small percentage of the road network (1%–25%) was hydrologically connected to streams (Benda et al. 2019; Coe 2006; Dubé et al. 2010; Faubion 2020; Martin 2009).
FRIA will simply report on road length in each of their categories (and particularly length of roads), transitioning from “not meeting” to “meeting” standards. The ODF Compliance Monitoring Program will also be assessing road conditions on randomly sampled sites; metrics are currently under discussion, however, no measure of RSHC is included at this point.	Comment by Homyack, Jessica : Which categories?  How specifically can standards relate to our definition of RSHC?
[bookmark: _Toc197242096][bookmark: _Hlk197016568]Habitat and Population Monitoring
The ultimate concern of the Oregon FPA HCP is to minimize and mitigate take of themaintain viable populations of the species of concern through the provision of adequate habitat. Studies linking particular habitat attributes and the effects on aquatic and riparian species are too numerous to discuss here., however, mMore relevant to this effort are monitoring and assessment programs that have been developed based on habitat-species links. Numerous ongoing state and federal government programs exist that monitor aquatic habitat indicators and/or species populations in the northwestern US. Through the Aquatic Inventories Program (AQI), the Oregon Department of Fish and Wildlife (ODFW) has been collecting aquatic and riparian habitat data for 27 years in westside wadeable streams (Anlauf-Dunn and Jones 2012; ODFW 2025). Aquatic and riparian monitoring has also been occurring on federal lands on the east (PIBO 2025; Roper et al. 2019) and west (AREMP 2025; Dunham et al. 2023) sides of the state.	Comment by kelly burnett: Unless this is in the draft HCP, which I think it's not, then we need to modify. But, I defer to Jeff and Jessica.
The ultimate concern of the Oregon FPA HCP is to maintain viable populations of the species of concerncovered species through the provision of adequate habitat. Studies linking particular habitat attributes and the effects on aquatic and riparian species are too numerous to discuss here,; however, more relevant to this effort are monitoring and assessment programs that have been developed based on habitat-species links. Numerous state and federal government programs exist that monitor aquatic habitat indicators and/or species populations in the northwestern US. The Oregon Department of Fish and Wildlife (ODFW) has been collecting aquatic and riparian habitat data for 27 years in westside wadeable streams (Anlauf-Dunn and Jones 2012; ODFW 2025). Aquatic and riparian monitoring has also been occurring on federal lands on the east (PIBO 2025; Roper et al. 2019) and west (AREMP 2025; Dunham et al. 2023) sides of the state.
[bookmark: _Toc197242097]Measurement	Comment by Homyack, Jessica : I am not clear how this section and Sampling Design are relevant to this scoping proposal.
ODFW’s AQI collects information on culverts and substrate particle size by 6 classes (including fines). They also conduct fish population surveys for juvenile and spawning salmonids. The AREMP and PIBO tested aquatic organism surveys, but found that their sampling intensity was not sufficient to reliably detect changes. AREMP/PIBO habitat metrics most closely related to RSHC effects include pool-tail crest fines and transect the distribution of substrate particle sizes along stream bed transects.
[bookmark: _Toc197242098]Sampling Design
All three programs (ODFW, PIBO, AREMP) use a rotating panel design to balance the benefits of having more sites (better for status assessments) with repeat visits to sites (better for trend assessment). ODFW uses four panels with different repeat intervals: annual, 3-year, 9-year, and sites that are only visited once. The sites are selected from 1st-3rd order streams on a 1:100,000-scale map as stratified by five monitoring areas. The sample size is large enough to allow post hoc analyses by ownership class. AREMP uses a hierarchical random sample based first on HUC12 subwatersheds, then on sites within them selected from the 1:100,000 NHD streams layer. The original plan was to sample 50 subwatersheds per year on a five-year repeating cycle. Financial and logistical constraints have pushed the repeat cycle to eight years. Identifying more watersheds and sites initially was important because sites had to be delayed or dropped due to fires and other unanticipated circumstances. On the eastside of the Cascade crest, the PIBO program also samples a randomly selected subset of HUC12s on a repeating cycle but only samples at one location at the lowest point in the stream network on federal land.	Comment by kelly burnett: Need to add a sentence or two that addresses covariates/stratification. Otherwise, need to change the title to "Spatial and Temporal Sampling Design" 

I know ODFW analyzes the data by ownership, but I don't think the stratify by that. I'm not sure how the other programs handle covariates.	Comment by kelly burnett: Scale of the stream layer, by subbasin, sample size in each panel?
[bookmark: _Toc197242099]Assessment 
(Anlauf-Dunn and Jones Using linear statistical models, the ODFW (20192)(Anlauf-Dunn and Jones 2012) analyzed 20 five years of ODFW habitat data and generally found no trends for fine no significant  sediment in riffles changes; however, positive or negative trends were observed in other habitat variables  five years is a relatively short time period to expect such changes. . In a study examining only the first 5 years of data, Anlauf-Dunn and Jones (2012) They also compared distributions of habitat values to minimally-disturbed reference conditions and found median fine sediment values at or above reference thresholds, whereas coarser gravel values were below reference. A study by (Al-Chokhachy et al. 2016)A study by (Al-Chokhachy et al. 2016) tested for a linkage between sediment delivery predicted by the GRAIP model with PIBO instream sediment data. Although they found a positive relationship, it was highly variable across sites, which they attributed to differences in topography, geology, and other human-caused sources (off road vehicle trails, cattle grazing, forest management). In their associated literature review, they found only eight studies that attempted to link streambed fine sediment to road measures and only one that found a strong (but again variable) relationship. Similarly, whereas (Dunham et al. 2023)Similarly, whereas (Dunham et al. 2023) found declines in active road miles, modeled connectivity/sediment, and instream fine sediment, they cautioned against expecting high correlation given the variety of factors that can influence in-channel sediment.	Comment by Jeff Light: ODFW updated this in 2021 to include 12 yr of data (through 2019).  If we want to use, we should use results from the most recent assessment.
[bookmark: _Toc197242100]Summary	Comment by Gordon, Sean N: Should we leave these as bullet points or turn into paragraphs?	Comment by Jeff Light: Bullets are suitable for the scoping proposal; leave as is.	Comment by Homyack, Jessica : I think bullet points are easier to digest
Below are summary points gleaned from the literature review that have helped shape the implementation options described in Section 3. 	Comment by kelly burnett: Leave as bullet points. However, this needs to be revised to add key points.
[bookmark: _Toc197242101]Measurement
· In field assessments of RSHC by trained and coordinated observers, differences werehave found to be substantial, thus standardized training and coordination in the field are recommended. 
· Field measurement of connectivity and modeling of sediment are possible, as demonstrated by Dubé. However, direct field measurements of sediment production and delivery without relying on a sampling strategy would be infeasible at the FPA scale. 
· Numerous site specific factors can influence connectivity and sediment delivery, thus field verification of conditions remains essential.
· Availability of models as well as iImprovementsImprovements in remote sensing and GIS data have the potential to reduce the amount of field work needed, particularly when relative estimates are sufficient.
· RSHC data to be collected under FRIA may be able to complement but not fulfill the effectiveness monitoring need for numerous reasons:
· Obtaining consistent RSHC determinations is challenging even with professionally trained and coordinated crews; the self-reported data from individual landowners is likely to contain an unknown amount of variability.	Comment by Jeff Light: At this point, we are not proposing to use FRIA data except as a potential means of identifying upgraded road segments that shouldn’t be considered part of a baseline assessment.  I recommend deleting these sub-bullets in the scoping proposal
· Only connected versus disconnected states will be recorded, missing a number of partially/potentially connected categories used by Dubé.
· A full FRIA inventory will not be available until 2029.
· The new Oregon rules went into effect January 2024. These new rules have the expectation that landowners will identify and remediate 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, thus some restoration will have already occurred. Records from the FRIA process should help identify these post-rule changes, which then could either be dropped or assumed connected in the baseline.
[bookmark: _Toc197242102]Sampling Design
· For large areas of interest, monitoring for RSHC has typically required sampling rather than a full inventory.
· Because of the focus on hydrologic processes, most studies have sampled and/or assessed based on hydrologic units, such as subwatersheds; however, Dubé and Martin documented reasons to sample by land grids.
· Past efforts studies have consistently determined that the majority of impacts RSHC come is associated from aawith relatively few road segments.  These “high probability of delivery” segments , which can be initially identified via modelingedmodeledmodeledmay be identifiable using existing GIS data.datatools, which could .. These models could be used to focus field data collection, and potentially reduce sampling costs or cost-effectively increase sample size. on the most likely connected areas, however, ., hHowever, their accuracy depends is dependent on the quality of GIS roads and streams data available.
· [bookmark: _Toc197242103]In sampling for status and trends, ODFW has tailored the sampling design to optimize both - more samples for status and repeatedly sampling a smaller subset for trends.
· Sampling intervals for trends need to fit the time-scales of the processes of interest. For example, ODFW samples some sites annually and others every 3 yrs or 9 yrs for tracking changes in various habitat features important to coho salmon. The sampling intervals are consistent with the life-cycle of coho salmon, and the longer intervals are appropriate for habitat features expected to change more slowly. 
Assessment 
· Although the ultimate purpose of the road connectivity rules is to reduce impacts on aquatic habitats and organismsspecies populations, , measuring  long-term monitoring to assess population changes impacts on those endpoints is not  are likely feasiblefeasiblefeasiblemay be challenging given the large area involved, the cryptic nature of aquatic organisms, movement into the ocean by anadromous species,  and multiple other confounding factors and mixed ownership patterns.
· Accurate estimates of the absolute amounts of sediment delivered to streams is infeasible for an endeavor of this scale.  However, field measurement of road characteristics coupled with erosion and delivery modeling can provide reasonable relative measures of sediment inputs.  As several long-term monitoring programs have demonstrated, assessing habitat changes is feasible although can be expensive. Coordinating field sampling with existing monitoring programs could help reduce costs.
· Direct measurements of sediment would also be infeasible at the FPA scale given the logistics required; however, field measurement of connectivity and modeling of sediment are possible, as demonstrated by Dubé.	Comment by kelly burnett: Unless this is edited, then it needs to be moved up because it deals with measurement not assessment.
· Although most studies have addressed connectivity and sediment together, connectivity can be addressed alone and would save on both field work and analysis.
· One challenge with using water or sediment delivery per unit stream length as ana performancenan indicator is that this may change as better maps are developed. However, the LiDAR-derived ODF regulatory stream layer is likely to capture most streams.	Comment by Jeff Light: Do we anticipate that this is likely to occur within the timeframe of this project?
· Sediment models have been useful for relative comparisons, however, absolute accuracy is not reliable to a high degree. This is due to many factors, including not accounting for key variables, such as rock type, in data collection  of variation in the drivers not captured by existing datasets. 
· Knowledge or context of sediment yield numbers or how they should inform actions is lacking (e.g., what is difference between a 5 cu yd and 15 cu yd annual yield?)



[bookmark: _Toc197242104]3. Scoping Proposal Options
[bookmark: _Toc197242105]3.1	Introduction	Comment by seangordon: Moved literature review paragraph to the lit review & removed questions because presented in Intro & appendix
The following questions were posed by the AMPC re: roads-stream hydrologic connectivity:
1. Baseline report
a. What is the baseline status of hydrologic connectivity of roads prior to the implementation of the OFPA road rules effective Jan 1, 2024?
b. How does the status of hydrologic connectivity differ based on landowner type and East/West region?
c. How do particular elements of the regulatory framework (e.g., road location) or site characteristics (e.g., geology) contribute to hydrologic connectivity?
4. Trend monitoring
a. 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.
5. Determination of rule effectiveness
a. Within 25 years, to what extent are road rules associated with hydrologic disconnection effective at achieving biological goals and objectives?
Road-stream hydrologic connectivity (RSHC) is recognized as a simple, inexpensive, and effective measure of how forest roads connect with natural stream systems. There is a broad consensus that RSHC is undesirable, owing to the water, sediment, and other materials that roads can capture and deliver to streams where they may adversely affect aquatic biota. Contemporary forest practice rules and best-management practices governing road location, construction, use, and maintenance include provisions to reduce or eliminate RSHC. 	Comment by kelly burnett: Not necessary at this point in the document.	Comment by kelly burnett: Redundant with the text in the next paragraph and isn't needed.
Based on the results of our scoping literature review, the IRST believes adequate information exists to propose an array of methods for answering the road-stream hydrologic connectivity (RSHC) questions presented by AMPC, as summarized in the Introduction and in full in Appendix X.	Comment by kelly burnett: Paragraph fits better here given the literature review just concluded.
ToIn their RSHC status and trends monitoring program for private forest lands in Washington State, Dube et al. (2010) evaluated the principal hypothesis that implementation of Best Management Practices (BMPs), embodied in rules governing road construction, use, maintenance, and abandonment, would reduce RSHC over time. Our objective, as detailed by the AMPC questions, is nearly identical for the State of Oregon. Thus,Tto measure progress toward the disconnection of forest road systems from streams on private lands in Oregon, this scoping proposal offers the AMPC several options for developing a status and trend monitoring program. 	Comment by kelly burnett: Moved up to reduce redundancy and improve flow.
Based on the results of our broader scoping literature review, the IRST believes adequate information exists to propose an array of methods for answering the road-stream hydrologic connectivity (RSHC) questions presented by AMPC, as summarized in the Introduction and in full in Appendix X.
We propose to solicit work that focuses on developing and implementing a sampling design and field methods that will result in a cost-effective RSHC status and trends monitoring framework. Rule effectiveness can be inferred from status and trends monitoring. However, the biological goals and objectives, monitoring metrics, and performance targets for those metrics that would be necessary to quantitatively assess effectiveness have yet to be finalized through a fully executed HCP. Here, we offer potential methods to identifyidentify achievable targets for lowering RSHC through time, either through existing literature, such as reporting results from Washington, or by developing future stratified sampling that estimates post-FRIA rates of RSHC. 	Comment by Jessica Homyack: For example, In 2008, the Martin report estimated RSHC in WA to be about 12%, but there was still about 10 years of RMAP to go.  https://www.forestsandfish.com/wp-content/uploads/sites/17/2018/12/Road_Mgmt_Survey.pdf
	Comment by Jessica Homyack: When FRIA is completed in 20 years, what would we expect the % RSHC to be? Could we develop a stratified sampling of some # of areas in 5 years and determine what could be expected to remain at the end of FRIA for example, and these become the targets? We would allow for some regional specificity to recognize that eastside is likely to differ from westside (potentially subdivided further into Coastal, etc) in the targets.	Comment by Jessica Homyack: For example, In 2008, the Martin report estimated RSHC in WA to be about 12%, but there was still about 10 years of RMAP to go.  https://www.forestsandfish.com/wp-content/uploads/sites/17/2018/12/Road_Mgmt_Survey.pdf	Comment by Jessica Homyack: When FRIA is completed in 20 years, what would we expect the % RSHC to be? Could we develop a stratified sampling of some # of areas in 5 years and determine what could be expected to remain at the end of FRIA for example, and these become the targets? We would allow for some regional specificity to recognize that eastside is likely to differ from westside (potentially subdivided further into Coastal, etc) in the targets.	Comment by Jessica Homyack: There are other IRST members including Michael and Jeff who are also thinking about how we can incorporate Question 3 into the Scoping Proposal and a future RFP now.	Comment by Jessica Homyack: There are other IRST members including Michael and Jeff who are also thinking about how we can incorporate Question 3 into the Scoping Proposal and a future RFP now. 
In focusing on Questions 1 and 2, several approaches for estimating RSHC and the relative amounts of sediment delivered by this connectivity are available. The sediment component typically relies on models and often serves the purpose of identifying road locations within watersheds where RSHC is highest and remediation efforts have the potential to be impactful. For example, Dube et al. (2010) described a RSHC status and trends monitoring program for private forest lands in Washington State. Their principal hypothesis was that implementation of Best Management Practices (BMPs), embodied in rules governing road construction, use, maintenance, and abandonment, would reduce RSHC over time. Our objective, as detailed by the AMPC questions, is nearly identical for the State of Oregon. 
Below we present  twothree options for the main task, which is the field survey and assessment of connectivity alone or connectivity with sediment modeling. We envision this work as a long-term monitoring project with a duration of at least 20 years. The individual/entity awarded this work is herein referred to as "the contactor." WeWe also provide two pre-survey options, which could be added to test and improve the digital (GIS) roads and streams data which will be used in planning the field survey.	Comment by kelly burnett: Unless I'm missing something, we are now down to two options.	Comment by kelly burnett: Moved up from below as it applies to all three of the primary options.	Comment by Homyack, Jessica : State the 3 options here for clarity
[bookmark: _Toc197242106]3.2	Survey Options
[bookmark: _Toc197242107]Survey Option 1: Road-Stream Hydrologic Connectivity 	Comment by kelly burnett: Need to decide how we are going to describe the various components and apply that consistently. Hydrologic connectivity is used randomly throughout as describing just the physical connection and the overall concept. But, in some places RSHC is used for the latter.
Approach
This option documents the connectivity of only runoff water between roads and streams without parameters and data required to model road-related sediment production and transport. The length of road-  related pathways (e.g., road tread, road cuts, ditches, fillslopes) that capture and deliver water to streams will be assessed in the field-for status and trend reporting. Based on GIS analysis, points of connectivity to other natural water bodies other than the subject streams, as defined in the FPR OARs, will be included if these can be identified comprehensively in advance of, or in conjunction with, initial fieldwork. (Should we include this following sort of statement in the "Approach" paragraph?) We envision this work as a long-term research project, with a sampling duration of at least ten years. The individual/entity awarded this work is herein referred to as "the contactor."	Comment by kelly burnett: In some places we use baseline but status in others. We need to use one or the other consistently.	Comment by Jeff Light: I think its OK to describe the overall timeframe of the project	Comment by Jeff Light: Let’s put this in context of the FRIA effort and expectations/rules on when full road BMP compliance is to be achieved.	Comment by Jeff Light: Do I understand what you're thinking here?  I don't think we'll be sampling continuously for 10 years, rather, periodically over probably 20+ years
Sampling Design	Comment by seangordon: I think we can just mention a few design options exist but don’t need to describe them in detail here or prescribe a certain one.	Comment by kelly burnett: Agree
The twoTwo sampling approaches considered are the land-grid–based road census approach (Raines et al. 2005) used by Dubé et al. (2010), and an approach that targets road segments most likely to have a high degree of RSHC. The latter approach would be watershed-based (sampling within HUCHUC 12 sub-basins with significant private forestland ownership), and entails a pre-sampling step to identify the high probability of delivering segments using a GIS-based road-stream proximity assessment. This approach has the appeal of either cost-effectively increasing sample size or decreasing overall field survey costs. Any approach will require a large random sample to provide valid statistical data to draw inferences and detect trends. across the state of Oregon.. The sample will need to be stratified by landowner type (large/small) and geography (eastside/westside). These four sampling frames are hereafter referred to as “strata.”  Numerous sampling designs are possible for trend analysis, including paired, unpaired, and rotating panel designs. A power analysis will be necessary to determine the sample size needed for each strata and sampling period to reliably evaluate the baseline and detect trends. 	Comment by Homyack, Jessica : Is Raines et al. supposed to be at the end of the sentence?
Field Methods
Data collection by the contractor will be consistent with methods described in the field protocol of the Watershed Professionals Network (WARSEM 2006 and 2008), with updates by Raines et al. (2005) and Dubé et al. (2010) and potentially more recent updates (e.g., Bohle and Dubé 2016) or another appropriate model. See Appendix X for a discussion of model options and input variables.
Variables describing and affecting pathways for delivery of runoff water from inventoried road features will be measured. Typical variables would include ditch lengths, road segment slope, and road surface type.
Field crews will be sufficiently trained to competently reduce within- and among-observer errors to within specified tolerances (TBD). The contractor will develop a QA/QC program and will guide field-crew training.
Baseline [image: ][image: ]Analysis	Comment by seangordon: I don’t think there’s any use for modeling here, just adding up the observed level of connectivity for each of the sampling units.	Comment by Jeff Light: True, but WARSEM and GRAIP (and probably other) modeling frameworks readily capture and summarize the RSHC data we want from this option, without creating a spreadsheet or other novel data storage/analysis framework.
As part of this study, the contactor will calculate summary statistics on each measured RSHC variable for each sampling unit.  The baseline will be summarized by strata (landowner class in each georegion). Depending on the sampling approach, the summarized baseline would be something like the length of connected road per total road length (or sampled area) or length of actually connected road per length of potentially connected road.  	Comment by kelly burnett: Is this a road segment or larger (HUC12)? Need to define this somewhere.
. To establish the pre-PFA baseline for RSHC, ODF records of road work completed since January 2024 will be used. That is ( (when new FPRsOARS went into effect, including the FRIA process, which that   directed large landowners to begin identifying and remediating the “worst” road segments as soon as possible) will be used. Small landowners are exempt from FRIA but must conduct a Road Condition Assessment (RCA) for roads used in active harvest operations. Data from FRIA and RCA would help the contractor identify road segments affected by these post-rule changes, which then could either be dropped from the sample or assumed connected in the baseline.	Comment by kelly burnett: Nothing in this list is analysis. The entries are either data or measurements. I think all of it can be deleted. If any of it is to be kept, it needs to be moved up to what is currently Field Methods. If it is moved, then that section should be renamed as Field Methods and Other Data
Factors recommended to be monitored: (Note: This is not a comprehensive list.)	Comment by Jeff Light: This is important information for the contractor, but for them, we'll need a comprehensive list.  For the AMPC, isn't it sufficient to say we'll be measuring the same things dube et al. did, since they're pretty much the same as any researcher would measure?  If true, we could leave this abbreviated list, or take it out entirely (i.e., why does AMPC need to see this?)	Comment by Homyack, Jessica : Agree - keep it simple for the Scoping Proposal. Detail can come in the RFP.
Road segment slope, substrate, surface, cross section including tread, ditch, etc. and length
Geologic setting
Road traffic: type, frequency and correlation of traffic with precipitation and condition of road surface.	Comment by kelly burnett: If we're not assessing sediment, then this isn't necessary.
Annual precipitation (site specific), major precipitation events, major meltwater events,
Recommended methods of sampling: (Note: This list is incomplete...)
· Available LiDAR imaging 
· Available ODF, landowner, and other maps of road networks, with GIS data where available.
· Other available mapping, including topographic data.
· Physical measurement of water delivery to stream per event and via road parameter (tread, ditch, etc.)
Trend Analysis
Numerous sampling designs are possible for trend analysis, including paired, unpaired, and rotating panel designs. To provide an initial cost estimate, it is assumed that initially selected sampling units will be revisited and re-measured at 5-year intervals to determine trends in RSHC (measured as the length and characteristics of connected roads in the network) over time.
Trends between sampling events will be detected for each strata with sStatisticalStatistical tests (e.g., paired sample t-tests) will be used to detect trends between sampling events, relying on the same sample units as used for the baseline. 	Comment by Homyack, Jessica : This is so general that I would just delete - other analysis types would likely be implemented that incorporates the covariates.
Reporting
The status of RSHC at each sampling interval, and trends over time between intervals, will be reported for each  strata. The types of reported information include:   landowner class ([(large and small (<5,000 acres)]) in each georegion (eastern and western Oregon). ). Landowners represented in the sample will not be identified in any reporting. (Should we note that landowner names will be held as confidential. Based upon Kathy's comments?)?)	Comment by kelly burnett: Move this below the list.	Comment by Jeff Light: Good idea
· Average percentage of high probability road length delivering to streams, for each landowner class in each georegion (east-side and west-side).). 
· Characteristics of delivering road segments, including the portion of road cross section that isare connected to streams. May also include annual precipitation at the site, and correlation of precipitation events/meltwater runoff with water delivery to stream.	Comment by MJ Furniss: No need to only include the "most".  We do not have established thresholds for this and it will be uncertain in the field.  Good tho to ID what portion of road prism (not cross section) is responsible and likely to deliver.
· Summary of characteristics including roadway slope, vegetation and substrate that do NOT deliver significant water to stream. 	Comment by Jeff Light: Not sure what is intended by this
· Note presence/delivery to adjacent wetlands and other natural features that may store/divert delivery to streams. (This might be helpful for "amphibians" study?)	Comment by Jeff Light: Can you describe what this is? Delivery to wetlands is straightforward, but what do you intend with "other natural features"?
· Regression plot of the estimated percentage of roads that meet current BMPs vs. % of high probability road length delivering to streams.
Knowledge Contribution
The initial sampling for this project should entail a single season of inventory to generate iInformation information to address the AMPC question regarding baseline levels of hydrologic connectivity of forest roads on private timberlands prior to the implementation of the Oregon FPA road rules, effective January 1, 2024. There may be some ambiguity in status determinations in which sampled road conditions cannot be definitively attributed to the pre-PFA era. Future sampling events will establish trends in RSHC. The effectiveness of road rules at achieving sediment-related BGOs cannot be directly quantified but can be inferred from levels of RSHC with a medium moderate level of confidence.	Comment by kelly burnett: Belongs under Timeline	Comment by Jeff Light: sample size may dictate whether we accomplish this in a single season or require more time.
Timeline
The initial sampling for this project should entail 6-12 months to prepare for sampling, one or two seasons to collect field data, and 6-12 months for data analysis. The final report on baseline results would be expected in about 4 years from project initiation. 
For trends, the sampling interval will likely be at least 5 years and the duration at least 20 years. The 4-5 year timeline projected for the baseline will apply for each episode of trend sampling, but with some time savings likely. To be determined…NOTE: as projected, project duration would be a decade or longer?	Comment by Gordon, Sean N: We could include a long-term timeline, but I think the main intent is a timeline for the task they’d be funding in this round.
Timeline to include annual monitoring for first five years, and follow-up five years later?
	[bookmark: _Hlk183100986]Task
	Who
	Time Needed
(months)

	Administrative Start up (i.e., contracting, etc.)
	OSU/INR
	2

	Initial planning
	IRST & Research team
	1

	Site selection & screening, landowner coordination 
	Research team
	2	Comment by Homyack, Jessica : 2 months for this scale is likely too short. I think 3-4 months would be needed. Site selection is often the most time consuming and difficult aspects of establishing a study.

	Recruitment & training of field teams
	Research team
	4

	Field sampling (60 sites / 3 sites per mo / 4 teams)	Comment by kelly burnett: This is likely a serious under estimate. We probably need 50-60 sites per strata.
	Research team
	55

	Data analysis & report writing	Comment by kelly burnett: Again serious under estimate. I would probably triple this.
	Research team
	2

	IRST review 
	IRST
	1

	Final report
	Research team
	1

	Administrative closing 
	OSU/INR
	1

	Total
	
	1919



Costs	Comment by Lisa J. Gaines: KELLY, 21 April : Consider when estimating costs  "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."
There is insufficient information to estimate sampling densities needed for different levels of statistical certainty or the potential cost differences between alternative sampling approaches at this time., Tthus, , thus costs and precision related to the Dubé (2010) study are assumed to provide an adequate basis for this scoping proposal. CMER recorded an overall cost of $878,000 (which probably did not include some additional CMER staff time). Using an inflation calculator for 2007 (midpoint of the 2006–2008 monitoring effort) to 2025 provides andand overall cost equivalent of $1.35 million to establish the baseline. . Assuming it will take approximately three years to implement at 3% inflation brings the total to almost $1.5 million. Based on the line item budget in the pilot study (Raines 2005), not collecting and analyzing data needed for the sediment modeling is estimated to reduce the costs by 20%, resulting in a cost of approximately $1.2 million per sampling event for this option. Raines (2005) estimated costs would be approximately 25% less for a second round of sampling after five years resulting in a total of $900,000.The range of costs reflect the options below. The range is x to y. Options affecting costs:	Comment by Gordon, Sean N: This is a simplified and a bit lower version of what Jeff/Ellen/Michael & I discussed via e-mail.
· MethodsMethods of monitoring precipitation, waterflow and traffic..
· Thoroughness/detail /methods of modeling.
· Field time, including travel between sites, rigor of field measurements, monitoring frequency.
· Whether an approach to sampling can be used to inventory only the road segments likely to have the potential to be connected (proximate to streams), vs. a complete census of roads in the sampling framework.). 
Pros and Cons
PROS: 
· Provides an expedient means to address the AMPC’s basic question related to status and trends of RSHC. 
· Can be accomplished with less post field-collection data processing, thus results could be obtained more quickly than if modeled estimates of sediment delivery are generated.
CONS: 
· [bookmark: _heading=h.g20kflx1w8j7]Because it does not address sediment delivery, a key metric of concern cannot be directly evaluated.
[bookmark: _Toc197242108]Survey Option 2: Road-Stream Hydrologic Connectivity Plus Sediment Delivery Estimates 
Approach
This effort expands the field sampling, analysis, and reporting of Scoping Proposal 1 to include the variables needed to estimate the amount of sediment generated and delivered both episodically and annually to streams.
Field Methods
Similar to Option 1, with the addition that the full suite of variables, such as those described by Raines et al. (2005), generation and delivery of sediment to streams (e.g., surfacing, traffic, age, cutslope vegetation coverage) will be field-measured on road segments with a high probability of delivery to streams.
Baseline Analysis
Similar to Option 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 modeled estimate of the amount of sediment delivered by the surveyed road segments per year. Note that these factors ALSO affect the delivery of just water., and are added to the water option above. They are not as comprehensive as sediment  "yield," but are factors in water delivery. 	Comment by Jeff Light: I disagree.  Pathways of connectivity can be independent of sediment generation, such as road surfacing and traffic, or even vegetation.  Perhaps OK to say they “may” affect connectivity. I recommend we leave them out of Option 1 because they at best are secondary attributes for RSHC and may confuse the distinction between the options.
Trend Analysis
Similar to Option 1, with the addition of modeled estimates of sediment delivery at each sampling (status), and over time between sampling intervals (trends).
Should timing and extent of road maintenance schedules/practices be included in this study? Road grading, for example, is usually done in the spring, and loosens the surface of gravel or plain-old dirt roads, potentially making them more susceptible to contributing sediment for a time. . 
Reporting
Modeled tons of road sediment delivered to streams per miles of stream per year, and (optional, but helpful) delivered episodically in major storm /meltwater runoff events.
Modeled tons of road sediment delivered to streams per miles of stream per year by the percent of road length meeting performance standards. 	Comment by Lisa J. Gaines: IRST MEMBER: Note: Should we also characterize the nature (particle sizes) of sediment delivered or make that an option? If a road is delivering most pea-sized gravel or even sand-sized it is not as potentially lethal for salmonid redds as silt and clay-sized particles.	Comment by Jeff Light: Where calibration of erosion models is possible by field studies, the coarse and fine fractions of sediment can be quantified (e.g,. Luce and Black, Sugden, Bohle and Dube 2016), but otherwise its just “tons”
Knowledge Contribution
Information to address the AMPC question regarding baseline levels and trends related to physical connectivity and sediment delivery from hydrologically connected forest roads on private timberlands prior to the implementation of the Oregon FPA road rules, effective January 1, 2024. There may be some ambiguity in status determinations in which sampled road conditions cannot be definitively attributed to the pre-PFA era. Future sampling events will establish trends in RSHC. The effectiveness of road rules at achieving sediment-related BGOs cannot be directly quantified but can be inferred from levels of RSHC with medium level of confidence.
Same as for Survey Option 1, except that…  estimates of the relative amount of sediment delivered per year from surveyed road systems can be calculated.…… 
Timeline
The initial sampling for this project should be the same as for Option 1, requiring 6-12 months to prepare for sampling. However, field sampling and data analysis will take longer than for Option 1 given the need to collect and analyze sediment data. Thus, two seasons will likely be necessary to collect field data, and 12 months for data analysis. The final report for baseline results would be expected in about 4 years from project initiation. 
For trends, the sampling interval will likely be at least 5 years and the duration at least 20 years. The 4 year timeline projected for the baseline will apply for each episode of trend sampling, but with some time savings likely. Again, annual monitoring for first five years, and follow up at year 10(?).
Differences from Option 1:
2 vs 3 sites per mo for Field sampling
4 vs 2 months for Data analysis & report writing
	Task
	Who
	Time Needed
(months)

	Administrative Start up (i.e., contracting, etc.)
	OSU/INR
	2

	Initial planning
	IRST & Research team
	1

	Site selection & screening, landowner coordination 
	Research team
	2	Comment by Homyack, Jessica : Same as Option 1 - suggest 3-4 months

	Recruitment & training of field teams
	Research team
	4

	Field sampling (60 sites / 2 sites per mo / 4 teams)
	Research team	Comment by kelly burnett: Again, think these are under estimates.
	7.57.5

	Data analysis & report writing
	Research team	Comment by kelly burnett: Again, think these are under estimates.
	4

	IRST review 
	IRST
	1

	Final report
	Research team
	1

	Administrative closing 
	OSU/INR
	1

	Total
	
	23.523.5



Cost	Comment by Lisa J. Gaines: IRST MEMBER: I have no idea. Most expensive, but most effective in meeting PFA concerns and thus most needed.
As this option is similar to the Dubé (2010) study, it is estimated it would cost the full inflation-adjusted total of $1.35 million for the first sampling event (one iteration) and $1 million for another iteration in 5 years.
Pros and Cons
PROS: 
· The field parameters added with this proposal can be used with models (e.g., WARSEM, GRAIP, READI, WEPP:Roads), to provide sediment production and delivery estimates. These estimates offer direct insight into a key metric of concern regarding the effects on aquatic resources expressed through the BGOs.
CONS: 
· Requires additional time in the field to gather data and in the office to run and report the modeled sediment delivery estimates, which add to project costs.
[bookmark: _heading=h.kos3gyo24wgg][bookmark: _Toc197242109]Survey Options Summary 	Comment by kelly burnett: Delete the table.
(Commenting stopped working. This is a comment. I think this should go at or near the beginning. Needs work. 
	Survey Option 1: Road-Stream Hydrologic Connectivity Only

	
Monitoring Questions and Hypotheses
	Reported Monitoring Measures
(by HUC 12 sub-watershed)
	
Analytical Methods

	Monitoring Question - 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
3. Road slope(s) maybe by percentage of steep, moderate, flat.
4. Road segments distance from subject stream
5. Road substrate/surface
	For each sampling event, summary statistics for each attribute and category statewide, and by ownership and georegion.

	Monitoring Question - 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
3. Changes in traffic. road surface, road cross-section vegetation (e.g., head the ditch become more or less vegetated, etc.) 
	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 -??
What is the question?

	1. 
	

	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.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.
	1. Miles of forest road delivering to streams per miles of stream by percent of road length meeting performance standards
	Bivariate regression of reported measures


 
	Survey Option 2: Road-Stream Hydrologic Connectivity Plus Sediment Estimates

	
Monitoring Questions and Hypotheses
	Reported Monitoring Measures
(by HUC 12 sub-watershed)
	
Analytical Methods

	Monitoring Question - Status
What is the condition of forest roads at each sample event, specifically those attributes management can change relative to sediment production and delivery?
	· Total road length draining to streams (delivering road miles/mi2)
· Percent of road network draining to streams
· Percent of high probability* roads
· in each surface category
· Percent of high probability roads in each traffic category
· Percent of high probability roads in each cutslope cover category
· Percent of drainage points by connectivity class
· Percent of high probability roads in each road rutting category
· Modeled tons of road sediment delivered to streams per miles of stream per year
· Sediment delivered episodically per road segment
· Character of sediment delivered annually and perhaps episodically. 
	For each sampling event, summary statistics for each attribute and category statewide, and by ownership and georegion.

	Monitoring Question - Trends
Have road attributes that affect
sediment production and delivery improved changed over time?
	Photo-point monitoring of each road segment may be useful here. perhaps monthly images from set photo points for each segment--or at least the "worst" segments. But adjacent "good segments would also be valuable to examine for changes i surface, vegetation, etc. 
	

	
Hypothesis 2a: No improvement in road attributes that affect sediment production and delivery has occurred since the previous sampling events
	· Road surfacing index
· Road traffic index
· Cutslope cover index
· Miles of delivering road with ruts interfering with drainage
· Modeled tons of road sediment delivered to streams per miles of
stream per year
	· Summary statistics of differences between sampling events for each attribute category, statewide, and by ownership and georegion
· Significance of between between- event differences (paired t-tests)

	Monitoring Question -??
What is the question?

	
	

	Hypothesis 2b:  Doo roads judged to meet PFA standards minimize RSHC?	Comment by Jeff Light: sub-hypotheses, per Raines et al. 2005	Comment by Lisa J. Gaines: Not sure what this is?

	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

	
Hypothesis 2b: what is it?
	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



[bookmark: _Toc197242110]3.3	Pre-survey Options
[bookmark: _Toc197242111][bookmark: _Hlk196309415]Pre-survey Option 1: Assessing Roads and Streams Digital Data 	Comment by seangordon: To keep these pre-survey options short, I didn’t include all the subheaders used for the survey options - but they might be needed?	Comment by Lisa Gaines: The other subheaders used:
    Sampling Design
    Field Methods
    Baseline Analysis
    Trend Analysis
    Report	Comment by kelly burnett: Not needed. Fine as it is.
Approach
ReliableFor Options 1 and 2 above, rReliable measurements of RSHC and sediment delivery require sampling the road network where it is likely to be connected to the stream network. If road locations with a high probability of being hydrologically connected are to be prioritized for field samplingTherefore, the power to detect trends and the precision of these and baseline estimates will dependsdepends on the accuracy of stream and road location information used to identify field sampling locations. 
ODF’s hydrography layer derived from LiDAR and ODF’s transportation layer (both available from their GIS Data Hub) arewereGIS Data Hub) were considered the most comprehensive coverages available for private forestland ownerships in Oregon. However, the accuracy of the hydrography and transportation layers isare not well quantified. Thus, using these layers to guide sampling for road-stream connections may introduce an unknown level of bias into estimates of RSHC and sediment delivery. For example, road locations that are inaccurate could result in higher or lower estimates of the true probability of hydrological connectivity. Proposed options quantify and address these potential biases of inaccurate hydrography or transportation layers through validation sampling. 
Here, we pProposed optionsto  quantify and address these potential biases of inaccurate hydrography or transportation layers through validation sampling. If the existing ODF transportation and hydrography layers have a desired level of accuracy, estimates of baseline and future RSHC will have lower levels of bias. Conversely, if either layer is less accurate than desired, these will need to be improved or other methods will be required to identify important road-stream hydrologic connectivity points and support field sampling for Survey Options 1 and 2. 
Developing an improved transportation layer, for example, could be achieved by interpreting LiDAR data or by a field-mapped inventory.  It may also be possible to draw on the complete census of roads being developed by large landowners through the FRIA process, but that census will not be available until January 1, 2029 or include small landowners.
Two time periods are proposed for assessing the accuracy of ODF’s hydrography and transportation layers. 
· A state agency, INR, or other organization could validate and estimate accuracy prior to publishing the Request for Proposal (RFP) for the Roads Questions. 
· Alternatively, validation sampling could be incorporated into the RFPRFP as an additional project component. 	Comment by Kelly Burnett: Note to INR: use of consistent terms is necessary throughout the document. RSHC is used in some cases to describe just the physical connections but in others to describe the overall concept of hydrologic connectivity - both the physical connections and the sediment.
In either case, if the accuracy of the layers is lower than desired, additional mapping of roads and streams may be necessary in the geographic areas (e.g., sub-watershedsbasinssubbasins) selected for study. The sooner this is determined, the greater the certainty in approach as well as cost and time estimates for Survey Options 1 and 2 above.	Comment by kelly burnett: For consistency, use sub-watersheds instead of subbasins.
Knowledge Contribution
Evaluation of the data layers will increase confidence that locations selected to assess RSHC and sediment in the field are a relatively unbiased sample. Otherwise, other methods for selecting an unbiased sample of field sites other than those described in Survey Options 1 and 2 may be necessary. 
If the existing ODF transportation and hydrography layers have a desired level of accuracy, estimates of baseline and future RSHC will have lower levels of bias. Conversely, if either layer is less accurate than desired, these will need to be improved or other methods will be required to identify important road-stream hydrologic connectivity points and support field sampling for Options 1 and 2. 	Comment by Kelly Burnett: All of this seems more appropriate under the pros and cons.	Comment by Jessica Homyack: I'm ok moving it there, but we should be consistent in how the Scoping proposal addresses pros and cons across each section. For example, are they bulleted lists, a table, etc. That could come in the next version.	Comment by Kelly Burnett: All of this seems more appropriate under the pros and cons.	Comment by Jessica Homyack: I'm ok moving it there, but we should be consistent in how the Scoping proposal addresses pros and cons across each section. For example, are they bulleted lists, a table, etc. That could come in the next version.	Comment by kelly burnett: This text was a conglomeration of points, so I tried to distribute it where it fit best.	Comment by Kelly Burnett: True - just think this adds detail not essential for AMPC and observer bias is being addressed through training.
Developing an improved transportation layer, for example, could be achieved by interpreting LiDAR data or by a field-mapped inventory.  It may also be possible to draw on the complete census of roads being developed by large landowners through the FRIA process, but that census will not be available until January 1, 2029 or include small landowners. 	Comment by Jessica Homyack: I'm unclear how much this would improve the roads layer anyway.	Comment by Kelly Burnett: As far as I know, large landowners are supposed to provide updated maps to ODF of all active, inactive, and vacated roads on their ownerships.  According to rule, the state is supposed to be mapping abandoned roads from LiDAR at some point.	Comment by Jessica Homyack: I am unsure of the % of landowners that already provide regular updates to their road layers to ODF without FRIA. Many already do as part of their wildfire suppression planning efforts.
Any option to develop improved layers will delay field work and increase costs. However, not developing needed layers may also increase cost by requiring departures from the methods describe in Survey Options 1 and 2. 
Describe approach using LiDAR – Comparison of LiDAR based methods with Transportation layer for a subsample of selected sampling areas, for exampleexample	Comment by Kelly Burnett: I think describing these adds unnecessary detail at this point and would opt to delete this.	Comment by Jessica Homyack: Agree - that is fine.	Comment by Jessica Homyack: Kelly - I think you have more well-developed ideas about how these could occur.
Describe approach using comprehensive inventory in the field. Comparison of comprehensive field inventory for a subsample of selected sampling areas, for exampleexample	Comment by Jessica Homyack: Kelly - I think you have more well-developed ideas about how these could occur.
Timeline
If undertaken prior to publishing a full RFP, evaluation of the hydrography and transportation layers could likely be completed within 6 months. Otherwise, the evaluation would be completed under the timeline of the full RFP.  If improved layers are desired, this would take additional time.
Cost
If undertaken internally (i.e., INR or ODF) prior to publishing a full RFP, the evaluation would likely be less expensive than if conducted through a separate RFP or as part of the full RFP, which would likely be about $10,000.	Comment by Kelly Burnett: Place holder to refine.	Comment by Kelly Burnett: Place holder to refine.
Any need  to develop improved layers will increase costs. However, not developing needed layers may also increase cost by requiring additional field sampling in Survey Options 1 and 2.
Pros and Cons
PROS: 
· Estimating the accuracy of these layers could improve the samplingexperimental design by informing  reducing required sample sizes, facilitating selection of a relatively unbiased sample of field sites, and allowing use of the methods   described in Survey Options 1 and 2 that target field sampling at the road segments most likely to be hydrologically connected. 
CONS:  
· Additional Could result in aAdditional cost. If the work is undertaken as part of the RFP, rather than prior to publishing the full RFP,  this, could lengthening, lengthening the time until RSHC can be sampled, which could reducelowers  the available areas for pre-FRIA baseline sampling.

[bookmark: _Toc197242112]Pre-survey Option 2:  GIS-LiDAR Road Segment Analysis (Josh & Kelly)
Approach
GIS (desktop) analysis prior to fieldwork could be used to generate road segments and properties using publicly available airborne LiDAR data (when available). The goal would be to test whether this approach improves the accuracy and efficiency of road segment creation and the quantification of segment characteristics needed for RSHC analysis and sediment modeling. By draping or overlaying the ODF road network atop airborne LiDAR, flow routing algorithms and other GIS tools could be used 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 (Waga et al., 2020; Karjalainen et al., 2024). Testing is necessary, however, and field crew surveys would need to survey segments to assess the accuracy of this approach. If successful, this approach enables field crews to focus on documenting road surfacing and other relevant data. 	Comment by Joshua Roering: Karjalainen, T., Karjalainen, V., Waga, K., Tokola, T., 2024. Predicting the roadway width of forest roads by means of airborne laser scanning. International Journal of Applied Earth Observation and Geoinformation 133, 104109. https://doi.org/10.1016/j.jag.2024.104109	Comment by Joshua Roering: Waga, K., Tompalski, P., Coops, N.C., White, J.C., Wulder, M.A., Malinen, J., Tokola, T., 2020. Forest Road Status Assessment Using Airborne Laser Scanning. Forest Science.
Knowledge Contribution
This proposal seeks to leverage substantial statewide investment in airborne LiDAR data to improve the quantification of road properties that dictate hydrologic connectivity. 
Timeline
4-6 months for development and validation of methods
Cost
To be determined…
Pros and Cons
PROS: 
· This approach has the potential to reduce the time (and funding) needed for field crews to collect geometric data and instead focus their efforts on acquiring other relevant data. It is anticipated there would be cost savings and an expansion of the number of roads assessed for RSHC. The increasing availability of high-quality LiDAR with high point density in forested terrain demonstrates that the datasets needed for this approach will not be a limiting factor. 
CONS:  
· This approach would require workflow development and testing before adoption and rollout for field crews. Also, some legacy (or older) LiDAR datasets have lower point density, thus testing would be necessary to determine whether data limitations exist. 
[bookmark: _Toc197242113]3.4	Options Summary Table
The two survey and two pre-survey options differ in the time required, cost, and knowledge contribution (Table 2). The costs exclude indirect costs, which vary among institutions; and the timeframes exclude administrative start up and close out. Knowledge contributions from each should sufficiently characterize ___________________. 

[bookmark: _Hlk196239258]Table 2. Summary of scoping proposal options relative to timeframes, costs (excluding indirect costs and administrative startup and closeout time), and knowledge contributions. 
	Option
	Timeframe
	Cost
	Knowledge Contribution

	Survey Option 1
(Hydro)
	?
	?
	The initial sampling for this project should entail a single season of inventory and to generate information to 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. The effectiveness of road rules at achieving sediment- related BGOs cannot be directly quantified but can be inferred from levels of RSHC with medium level of confidence.	Comment by Jeff Light: sample size may dictate whether we accomplish this in a single season or require more time.

	Survey Option 2
(Hydro + sed.)

	Again, annual monitoring for first five years, and follow up at year 10(?).
	?
	Same as Survey Option 1, except that…

	Pre-survey Option 1
(Digital data)
	?
	< $10,000
	Evaluation of the data layers will increase confidence that locations selected to assess RSHC and sediment in the field are a relatively unbiased sample.

	Pre-survey Option 2
(GIS-LiDAR)
	4-6 months for development and validation of methods
	?
	This proposal seeks to leverage substantial statewide investment in airborne LiDAR data to improve the quantification of road properties that dictate hydrologic connectivity. 
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[bookmark: _Toc197242116]Appendix A. AMPC Research Questions Package
[bookmark: _Toc185344883][bookmark: _Toc197242117]Finalized research questions
These finalized research questions were approved by the AMPC at the June 24, 2024 AMPC meeting.
1. Baseline report
a. What is the baseline status of hydrologic connectivity of roads prior to the implementation of the OFPA road rules effective Jan 1, 2024?
b. How does the status of hydrologic connectivity differ based on landowner type and East/West region?
c. 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
a. 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
a. Within 25 years, to what extent are road rules associated with hydrologic disconnection effective at achieving biological goals and objectives?
[bookmark: _Toc185344884][bookmark: _Toc197242118]Preliminary Research Questions Package: Contextual Information
The remainder of this document provides contextual information that details the context for the preliminary research questions, as required by rule[footnoteRef:2]. The following are organized per the elements in this rule.  [2:  OAR 629-603-0200 (3)(a)] 

B.1 The type of research[footnoteRef:3]  [3:  OAR 629-603-0200(3)(a)(A)] 

This research is of type OAR 629-603-0100(1)(a): “Conduct effectiveness monitoring by assessing the degree to which the rules facilitating particular forest conditions and ecological processes achieve the biological goals and objectives. This assessment may include evaluation of cumulative effects.”

B.2 The rule, biological goals and objectives (BGOs), or other issue being studied[footnoteRef:4]  [4:  OAR 629-603-0200(3)(a)(B)] 

[bookmark: _Hlk150344709]Note that the most recent version of the BGOs is in the Dec. 2022 draft HCP. The BGOs will be finalized within the HCP due Dec. 31, 2027.The BGOs are listed below with those applicable to these questions in bold italic: 
“Overarching Goal: Forest practices that support the survival and recovery of the covered species by providing clean, cool, connected, and complex habitats. 
Goal 1: Provide clean water and substrate for the covered species. 
· Objective 1.1 - Forest practices near streams minimize sediment delivery. 
·  Objective 1.2 – Slope Retention Areas reduce episodic sediment delivery to fish-bearing streams. 
· Objective 1.3 – Road runoff directly to streams is minimized. 
· Objective 1.4 – Roads are not a significant source of episodic sediment delivery to streams. 

Goal 2: Shade and watershed processes controlling stream temperature provide cool water compatible with the needs of the covered species. 
· Objective 2.1 – Forest practices maintain stream shade sufficient to support desired cool water temperatures on fish-bearing streams. 
· Objective 2.2 – No-harvest RMAs maintain stream shade sufficient to support desired cool water temperatures for covered amphibians. 
· Objective 2.3 – Forest practices near non-fish-bearing perennial streams do not notably increase water temperatures in fish-bearing streams.

Goal 3: Stream network connectivity satisfies freshwater habitat needs for covered species. 
· Objective 3.1 – Road crossings on fish-bearing streams are passable by the covered fish species. 
· Objective 3.2 – Forest practices maintain the hydrologic continuity of stream-associated wetlands and stream-adjacent seeps and springs to stream habitats. 
· Objective 3.3 – Timber harvest maintains stream-associated connectivity in riparian areas along non-fish streams sufficient to support covered amphibians. 

Goal 4: Riparian areas function to support complex habitats for the covered species. 
· Objective 4.1 – Mature, complex riparian forests are fostered in no-harvest zones of RMAs. 
· Objective 4.2 – Forest practices within tree retention areas of RMAs promote delivery of large wood. 
· Objective 4.3 – Designated Debris Flow Traversal Areas function to deliver large wood to fish-bearing streams. 
· Objective 4.4 – Forest practices maintain stream-associated wetlands and stream-adjacent seep and spring habitat for amphibians.”

B.3 The objective of the research[footnoteRef:5]  [5:  OAR 629-603-0200(3)(a)(C)] 

1. To assess the current (baseline) status and trend of roads that are hydrologically connected to streams, and how those vary with practice, region, landowner type, and other relevant strata. 
2. Determine the effectiveness of road rules associated with hydrologic disconnection at achieving biological goals and objectives.

B.4 A brief description of the context of the research question[footnoteRef:6] [6:  OAR 629-603-0200(3)(a)(D)] 

The following direction was provided in the PFA Report and provides the foundation for these research questions:
“4.3.5 Hydrologic Connectivity in Forest Practice Rules (FPR) Revisions and Proposed Inventory Processes 
Hydrologic connectivity occurs where road and ditch runoff is delivered to the natural stream channel system. Roads can generate overland flow due to the relatively impermeable surface of the road prism and can also intercept interflow at cutslopes, effectively converting subsurface flows to surface flows. When these surface flows have a continuous flow path between the road prism and a natural stream channel, hydrologic connectivity occurs (Furniss et al., 2000, pp. 5-6). As Furniss et al. describe, “a hydrologically connected road becomes part of the stream network” (pp. 5-6).
Hydrologically connected roads can deliver increased runoff, sediment, and chemicals associated with roads, such as spills or oils generated on the road surface or cutslope. At the watershed scale, connections between roads and streams can also alter the drainage density of the watershed and change runoff frequency and magnitude (See Furniss et al., 2000; Weaver et al., 2015). 
The Authors agree that the goal of disconnecting roads and streams is to minimize sediment delivery, hydrologic change, and risk of road pollutants entering waters of the state.”
4.3.10 Development of Monitoring Requirements
The Independent Research Science Team (IRST) created under the PFA shall design and oversee baseline and trend monitoring for hydrologic disconnection. Compliance monitoring will be conducted through the Department’s process.
1. Baseline and Trend Monitoring for Hydrologic Disconnection: The methodology for the monitoring shall be based off of Dube et al. (2010) and Martin (2009). The purpose of the monitoring for hydrologic disconnection is to establish a baseline and to monitor and report the change in hydrologic connectivity over time as the FRIA is implemented. The overarching goal is to ensure that all forest roads and landings shall be hydrologically disconnected to the maximum extent feasible from waters of the state. The Adaptive Management Program Committee shall use the results of the baseline and trend monitoring to develop regional goals consistent with that monitoring. All hydrologic connectivity data should be public and shared as it becomes available to help focus goals, identify accomplishments, and inform statewide learning.”
B.5 Other information the AMPC deems necessary for the IRST’s work[footnoteRef:7]  [7:  OAR 629-603-0200(3)(a)(E)] 

1. It is essential to maintain the role of the regulatory framework (the OFPA) throughout the design and implementation of studies, including the following considerations:
a.  There are two stratum classifications:
A. FPA regions, of which there are two - East and West of the Cascade Mountains. 
B. Landowner classifications in the FPA (of which there are two, each with a different regulatory framework for roads) – 1) small forestland owners (RCA); 2) large forestland owners (FRIA). 
b. Assessments should differentiate Type F, SSBT, and N streams, but the design need not be stratified by stream type. Additional attributes listed in Dube et al. (2010) should also be considered.
2. The AMPC wants to know how metrics of interest (e.g., sediment delivery from roads) compares with background levels.
3. Ideally, the baseline would be for the effective date for the road rules (Jan. 1, 2024); however, the AMPC recognizes that it will take time to refine and scope the research questions, decide on the research agenda, develop and then award the RFP.
4. Research should include field data.
5. When assessing effectiveness of rules, it would be helpful to understand results both individually and cumulatively.
6. This entire research question package would be very complex, long, and expensive to implement as a single research project. Thus, the AMPC would appreciate the IRST dividing up this research question package into discrete projects and developing scoping proposals (per OAR 629-603-0200(4)) for each one.


[bookmark: _Toc197242119]Appendix B. Road rules relevant to the IRST’s work on hydrologic connectivity
This document provides the rules that are relevant to the work of the Adaptive Management Program regarding hydrologic connectivity of roads, along with clarifying summaries where needed. These rules are provided to help the IRST develop a scoping proposal per OAR 629-603-0200(4)(c) in the context of the question package from the AMPC with the finalized research questions. Clarifications are added via comments. Parts of rules that are irrelevant to hydrologic connectivity have been omitted for brevity and focus.

OAR 629-625-0000 Purpose
(3)  The purpose of the road construction and maintenance rules is to establish standards for locating, designing, constructing, and maintaining efficient and beneficial forest roads;…; identifying active and inactive roads that … contribute sediment to waters of the state, to correct conditions; and to vacate roads, rock pits, and quarries that are no longer needed in manners that provide the maximum practical protection to maintain forest productivity, water quality, and fish and wildlife habitat.	Comment by Author: These include streams, rivers, wetlands, springs
(4)  To achieve the goals of the division, all roads will be designed, constructed, improved, maintained, or vacated to:	Comment by Author: Note: this refers to the purpose as stated in the previous paragraph (3)
(a)  Prevent or minimize sediment delivery to waters of the state;
(f)   To the maximum extent practicable, hydrologically disconnect forest roads and landings from waters of the state; 
OAR 629-625-0300 Road Design
(3)  The department shall publish Forest Practices Technical Guidance that explains how to avoid and prevent potential impacts to fish, wildlife, habitat resources, and waters of the state, in support of the following rules:
(g) OAR 629-625-0330(1) to explain how to implement rules to hydrologically disconnect forest roads and landings from waters of the state.	Comment by Author: Note: this guidance has not yet been developed, but there is an old one that may be of some use
OAR 629-625-0320 Water Crossing Structures
(10)  Construction of Water Crossings. In the construction of water crossings, operators shall do the following:	Comment by Author: Greg - how much does (10) refer to the construction process vs. the end result of the construction?	Comment by Author: Bridges and culverts are the most frequent type of water crossing; includes fords
(b) Runoff, Erosion and Sediment. Operators shall control runoff, erosion, and sediment through the following actions:
(A)  Include a site-specific erosion and sediment control plan as part of a written plan prior to beginning work. This plan must include, but is not limited to:
(i)  A site plan with a description of the methods of erosion or sediment control;
(iii)  Measures to disconnect road surface and ditch water from all typed waters and lakes, bays, ponds, impounding reservoirs, springs, rivers, streams, creeks, estuaries, marshes, wetlands, inlets, and canals.	Comment by Author: Waters are “typed” for purposes of regulation e.g., Type F streams are fish streams, Type N streams are nonfish streams;
OAR 629-625-0330 Drainage
(1) All active, inactive, and vacated forest roads and landings shall be hydrologically disconnected to the maximum extent practicable from waters of the state to minimize sediment delivery from road runoff and reduce the potential for hydrological changes that alter the magnitude and frequency of runoff. Operators shall locate drainage structures based on the priority listed below. When there is a conflict between the requirements of sections (2) through (7) of this rule, the lowest numbered section takes precedence and the operator shall not implement the later numbered and conflicting section.	Comment by Author: These are defined in OAR 629-600
(2) Operator shall not install cross-drains and ditch-relief culverts in a way that causes stream diversion.	Comment by Author: This refers to moving water (via roads) from one drainage to another. Diversions are most often possible when a road crosses a steep, small stream, and the road grade incline continues from one side to the other of the stream crossing (i.e., the stream crossing is not at the lowest point of that road section), and are initiated when the crossing (e.g., bridge, culvert) becomes plugged.
(3) Operators shall not concentrate road drainage water into headwalls, slide areas, high landslide hazard locations, or steep erodible fillslopes.
(4) Operators shall not divert water from stream channels into roadside ditches.
(5) Operators shall install drainage structures at approaches to stream crossings to divert road runoff from entering the stream. If placement of a single drainage structure cannot be placed in a location where it can effectively limit sediment from entering the stream, then additional drainage structures, road surfacing, controlling haul, or other site-specific measures shall be employed so that the drainage structure immediately prior to the crossing will effectively limit sediment from entering the stream. Operators may also use best management practices to manage sediment at the outflow of the drainage structure nearest to the crossing.
(6) Operators shall provide drainage when roads cross or expose springs, seeps, or wet areas.
(7) Operators shall provide a drainage system that minimizes the development of gully erosion of the road prism or slopes below the road using grade reversals, surface sloping, ditches, culverts, waterbars, or any combination thereof. For new road construction, operators shall use outsloping to the maximum extent practicable when site-specific conditions allow for its safe and effective use.
OAR 629-625-0600 Road Maintenance
(1)  The purpose of this rule is to protect water quality and ensure hydrologic disconnection of roads from  waters of the state to the maximum extent practicable by timely maintenance of all active and inactive roads. Road surface must be maintained as necessary to:
(a) 	Minimize erosion of the surface and the subgrade;
(b)  Minimize direct delivery of surface water to waters of the state;
(c) 	Minimize sediment entry to waters of the state;	Comment by Author: Greg - am I correct in thinking at (b) refers to ditches bringing water to streams, but (c) refers to runoff directly from the road surface to a stream (e.g., from the road portion directly at the crossing)? If not, please clarify.
(d) 	Direct any groundwater that is captured by the road surface onto stable portions of the forest floor;
(e) 	Ensure properly functioning and durable drainage features; and	Comment by Author: e.g., cross-drainage culverts; road dips;
(f) 	For existing roads with inboard ditch, avoid overcleaning of ditchlines.	Comment by Author: Good explanation of what this is for an educated lay person?

OAR 629-600-0100(71) "Hydrologic disconnection" means the removal of direct routes of drainage or overland flow of road runoff to waters of the state.
Note: there is no rule-based definition of hydrologic connectivity.
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