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Executive Summary 
The Benton County Non-Regulatory Riparian Corridor Program has been in effect since 

2013.  The Biennial Performance Monitoring Report summarizes the results of ongoing 

monitoring of vegetative canopy cover extent within the priority riparian corridor 

where active building and land use permits have been issued.  The priority riparian 

corridor consists of a 50-foot corridor along either side of perennial or fish-bearing 

streams located within land zoned Rural Residential in Benton County.  The County 

monitors properties where the County has issued permits that may affect riparian 

cover.  This report summarizes change in cover on properties within the priority 

corridor which had active building and land use permits from 2018 to 2020.   

Trends 

 There was not a statistically significant decrease in cover from 2018 to 2020 for

the random sample, with mean cover extent decreasing by 0.2%, with a range of

-1.8% to 1.4% within 95% confidence (see Figure 6).

 There was not a statistically significant decrease in cover from 2018 to 2020 for

the permit sample, with mean cover extent decreasing by 2.0%, with a range of

-4.3% to 0.3% within 95% confidence (see Figure 9).

 The set of sample sites with active County-issued permits between 2018-2020

were not statistically distinguishable from other sites within the priority riparian

corridor in 2020, and the issuing of permits did not have a detectable effect upon

the rate of cover change from 2018-2020.

Status 

 Mean cover extent was 85.2% in 2020 for sites within the priority riparian

corridor (95% CI: 79.5-90.9%).

 Mean cover extent was 80.8% in 2020 for permit sites within the priority riparian

corridor (95% CI: 71.7-90.0%).

Compliance 

In 2013, Benton County and the Oregon Department of Environmental Quality Water 

Quality Division (DEQ) established the following metrics for measuring stream 

temperature total maximum daily load (TMDL) compliance: 

1. Establish a LiDAR baseline against which to compare orthographic imagery to

assess cover change.
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County staff found the comparison of LiDAR to orthographic imagery was not ‘apples to 

apples’ and elected to construct a concurrent orthographic baseline to the LiDAR 

imagery by sampling sites in the priority riparian corridor using orthographic imagery 

from 2009 (see Section I: Methods - Comparing LiDAR to Orthographic Imagery).  No 

new LiDAR imagery is available as of 2020. 

2. Bi-Annual performance monitoring for active building and land use permits.

The County did not have access to high resolution (1-foot) aerial imagery annually.  Staff

requested biennial performance monitoring, which was approved by DEQ. Staff analyzed

orthographic imagery for 2018 and 2020 for this report.

As a result of this report’s analysis, staff documented seven cases of canopy loss in sites

along the priority riparian corridor with active permits, four of which have at least a 10%

decrease in cover, as well as six additional cases of canopy loss in randomly sampled sites

along the priority riparian corridor, three of which have at least a 10% decrease in cover.

Staff will investigate these instances of canopy loss to determine the cause, and provide

education to the property owners.  Staff can provide a post-investigation update to DEQ.

3. Every five years estimate change in cover within the priority riparian corridor

by random sampling.

Staff submitted the last 5-years Trends & Summary Report in 2018.  This report

includes all the information in the biennial monitoring report, and summarizes trends in

cover extent over the 5-year period.  The County is due to release the next 5-year Trends

& Summary report in 2023.

Program Evaluation 

If the County identifies reductions to cover within the priority riparian corridor during 

biennial reports or the 5-Year Trends and Status Report, then (based on the level of 

reduction) DEQ may determine that it is necessary for the County to adopt a regulatory 

riparian protection program. The draft regulatory Stream and Riparian Corridor 

Overlay Zone ordinance proposes to allow “up to 10% or 2,000 square feet, whichever is 

less,” of vegetation removal per property within the priority corridor.  Staff for the 

Benton County Non-Regulatory Riparian Corridor Program determined that standards for 

cover loss in the voluntary program should be as stringent as the regulatory alternative, 

and that a decrease of 10% or more in riparian cover extent in the priority corridor 

would place the County out of compliance.  Therefore, for the purposes of statistical 

analysis, staff selected a minimum sample size sufficient to ensure that if mean cover 
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change was zero, the range of uncertainty around the estimate of the mean would be 

narrow enough to exclude the possibility of 10% or more cover loss with 95% 

confidence.  Staff also use 10% loss on individual properties within the priority corridor 

as a threshold to trigger staff response to property owners.  

Based upon the analysis of 54 random sites in the priority riparian corridor, mean cover 

extent decreased by 0.2% from 2018-2020, although the decrease was not statistically 

significant. Based on the analysis of 31 random sites in the priority riparian corridor 

which have active building or land use permits during 2018-2020, mean cover extent 

has decreased by 2.0% from 2018-2020, although this decrease was also not statistically 

significant.  

To the extent that our stream samples are representative of the riparian corridor as a 

whole, we can be confident there is a 95% chance that the true mean in the corridor lies 

within the upper and lower range of the confidence interval around our estimated 

mean. The range of uncertainty associated with the change in cover extent can prevent 

us from distinguishing small increases or decreases from no change at all, in which case 

the amount of change observed is not statistically significant. Program staff will review 

the sites of removal to ascertain the cause of documented canopy reduction from 2018-

2020. For each building and land use permit issued from 2018-2020, staff mailed each 

property owner a riparian habitat best management practices brochure and information 

about the voluntary regulatory program. 

The County finds it is in full compliance with biennial monitoring requirements, given 

that we observed a decrease of 2.0% in mean cover extent for permitted sites along 

priority riparian corridors over the study period, which we can say with 95% 

confidence indicates that actual cover extent did not decrease by 10% (the loss threshold 

for compliance). The County recommends continuation of the voluntary riparian 

corridor program to meet compliance requirements for the Willamette River stream 

water temperature TMDL.
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Introduction 
The Benton County Non-Regulatory Riparian Corridor Program is a voluntary effort from 

the County to meet stream temperature total maximum daily load (TMDL) 

requirements within the Willamette River Basin through a non-regulatory compliance 

process. Through this program the County develops and implements education, 

outreach, collaboration, monitoring, and adaptive management to support private rural 

property owners in protection and enhancement of native riparian vegetation.  

In conjunction with DEQ Water Quality Division staff, over a period of 2011 to 2013 the 

County developed a riparian vegetation sampling methodology to detect and respond 

to riparian cover loss.  The County monitors land along “priority riparian corridors”, 

which refers to perennial or fish-bearing streams in the Rural Residential zone that the 

County directly oversees and monitors (see Figure 1).  Cities have regulatory authority 

over riparian areas within their city limits and urban growth boundaries, ODF oversees 

riparian areas in forest land, and ODA oversees riparian areas on farm land.  For 

additional figures of the priority corridor, see Appendix II.    

When the County issues new building permits or land use application approvals for 

structures or uses on property that includes priority riparian corridor, staff provide 

information to the property owner on riparian habitat best-management practices.  

Program staff document and track sites in the priority corridor where riparian 

vegetation removal impacts have occurred to determine if the removal relates to 

permitted development or is due to natural disturbance, hazard tree removal, or other 

non-native vegetation removal.  In cases of documented vegetation removal, program 

staff inform the property owners that vegetation removal risks the continued non-

regulatory nature of the program, and provide information on methods to restore or 

mitigate impacts from vegetation removal.   
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Figure 1.  Priority Riparian Corridors 

Section I:  Monitoring Methodology 

Research Goal and Scope 

The goal of the Benton County Non-Regulatory Riparian Corridor Program is to reduce 

temperature and bacteria inputs through the protection of riparian corridor vegetation. 

This program supports the County Total Maximum Daily Load (TMDL) 

implementation plan adopted by Benton County in 2007.  This is a report on the extent 

and change of vegetative canopy cover in the riparian zone of priority corridors of the 

Willamette River Basin from 2018 to 2020, comparing portions where the county has 

issued permits with potential impacts to randomly selected portions of the corridor.   

The County has riparian oversight authority over land located within the Rural 

Residential zone that is not publicly owned, primarily in use for farm and forest 

activities, or within the urban growth boundary and city limits of the following 

incorporated cities: Corvallis, Albany, Philomath, Adair Village, and Monroe.  The 
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program defines “priority riparian corridors” as 50 foot buffers (75 foot for main-stem 

Willamette River1) along either side of: 

1. Perennial streams (as determined by Benton County from USGS and BLM data), 

or 

2. ‘Fish Bearing’ streams with ‘verified’ and ‘assumed’ ‘fish presence’ map 

attributes (as determined by Oregon Department of Forestry 

 

Site Selection 

For the biennial monitoring process, planning staff from Benton County Community 

Development track structural building permits2 and land use applications3 that involve 

properties containing priority riparian corridor each year.  Staff sample from sites 

among the collected list for the two-year study period to conduct cover extent analysis.  

Staff score imagery for each site and produce a change report that lists the sampling site 

id, percent cover change, map and tax lot number, and county permit or application 

numbers pertaining to the sampling site.  When staff detect canopy loss, the change 

report also includes before and after pictures depicting the potential tree removal.  Staff 

use the change report to identify specific instances of canopy loss, identify and respond 

to the owner of the property to ascertain the cause, and to monitor impacts to the 

riparian corridor resulting from permits issued by the County.   

Orthographic imagery surveys occur in the summer, and the County typically has 

access to new imagery data every other year.  Staff cannot determine if cover loss that 

occurs between surveys took place prior to or post the issuing of permits without 

contacting the property owner.  There is lag time between when permits are issued, 

when canopy loss is likely to occur as a result of permitting, and when loss detection is 

likely to occur during the monitoring process.  In the case of biennial orthographic 

surveys, where program staff produce a monitoring report following the publication of 

the new orthographic survey data, staff may be contacting owners regarding 

disturbances that occurred more than 2 years prior. 

In compliance with biennial monitoring requirements, staff track permits issued for 

properties containing priority riparian corridor that have a potential to impact riparian 

                                                             
1 The parameters of the study area resulted in no qualifying land located within 75 feet of the main-stem Willamette 
River. Analysis of the 75-foot buffer was only necessary for the LiDAR Composite Baseline.  
2 These include: (a) structural building permits other than interior remodels; (b) manufactured dwelling placement 
permits; (c) agricultural building exemptions; (d) road approach permits. 
3 All land use applications, except:  property line adjustment, Development Code interpretation, floodplain development 
permit (but not land development activities in the floodplain permit), and partition exemption (deed release). 
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cover.  From October of 2018-November of 2020 the County issued 938 permits, with an 

additional 2,322 active permits. Of the total 3,260 issued or active permits, 207 permits 

applied to 126 properties containing priority riparian corridor.  Staff monitored 31 

randomly selected properties with permits (“permit sites”) from the pool of 126 that 

had potential to impact riparian cover between 2018-2020, a sufficiently large sample to 

ensure that if net cover change is zero, the range of confidence around the estimate will 

exclude a loss of 10% cover or more with 95% confidence. 

Staff also randomly sampled sites within the priority riparian corridor, regardless of 

permitting status, to assess the status of the corridor as a whole.  Staff monitored 54 

randomly selected sites (“random sites”) in the priority corridor in 2018 and 2020, a 

sufficiently large sample to ensure that if net cover change is zero, the range of 

confidence around the estimate will exclude a loss of 10% cover or more with 95% 

confidence. 

 

Sampling 

Pool 
2018 2020 

Permit sites 31 31 

Random 

sites 
54 54 

Table 1.  Number of permit sites and random sites analyzed as part of the biennial monitoring 

pool.   

 

Sampling Process 

The priority riparian corridor is the area within 50 feet of a perennial or fish-bearing 

stream in the Rural Residential zone.  Vegetative canopy heights exceeding 15 feet 

comprise full cover, heights from 5-15 feet count as partial cover, and heights less than 5 

feet as no cover. Staff randomly selects points along streams within the study area for 

sampling.  For biennial monitoring, the study area includes tax lots where the County 

has recently approved permits or applications that may affect the riparian corridor.  The 

study area also includes the whole priority riparian corridor.  At each sampling point, 

staff records the extent of riparian cover along a segment of the stream 150 feet in 

length, going 75 feet upstream and downstream of the sampling point. 

To quantify the extent of vegetative cover, staff divide the sampling area into stream 

segments approximately 6 feet in stream length and extending 50 feet into the left or 
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right bank riparian corridor, resulting in a unit of observation of ~300 square feet and 50 

units per sampling point.  Each unit receives a score of 2 for full cover, 1 for partial and 

0 for no cover, with the total percent cover being the sum of cover in the sampling area 

divided by the maximum possible cover, which is the total number of units in the 

sampling area multiplied by 2. Portions of sampling boxes with exposed water or 

stream bank which would be reasonably submerged seasonally are ignored. If a sample 

box is solely composed of exposed water or stream bank, it would be scored as having 

full cover. When comparing aerial imagery from two different years, any vegetation 

changes affecting more than 25% of a given sample box are recorded, even if the 

vegetation change occurs over exposed water or bank. If recent higher resolution aerial 

imagery reveals details that were indiscernible in previous imagery and affects how 

that box should have been scored, corrections to previously scored samples are made 

and documented (see appendix III). 

Staff generated the sampling box polygon shapefile for randomly selected points along 

the stream using R version 4.0.0.  After identifying the points 75 feet upstream and 

downstream from the sampling point location, staff identified the corners of the 

sampling boxes as those points 50 feet from the upstream and downstream flow points, 

perpendicular to the direction of flow of the stream.  To divide the sampling box into 50 

segments of approximately equal area, split the left bank and right bank outer segments 

into 25 segments of equal length running along the 50-ft riparian buffer, as well as the 

center flowline.  Figure 2(A) shows an example sampling box superimposed over color 

RGB orthographic imagery from 2016.  The plot also has the ID# of each ‘slice’ printed 

on it to aid staff in data entry during scoring, while Figure 2(B) shows the same 

sampling box with the resulting cover extent score assigned by staff. 
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      A      B 

Figure 2.  2(A) shows an example sampling box superimposed over RGB orthographic imagery 

from 2016.  2(B) shows the resulting cover extent score for each slice of the sampling box, and 

the total mean cover for the site. 

 

Correction for Aspect Changes 

We score riparian cover extent by visually examining aerial imagery collected from a 

survey plane. A change in angle position of the survey plane relative to the riparian 

corridor can cause the taller portions of trees to appear inside a sampling box in one 

year and outside another. Fitting aerial imagery to a coordinate projection system can 

produce warping distortion. Even a minor GPS offset of less than a meter in the 

imagery can cause a cover extent score to change if the slice was on the cusp of either 

score and the difference shifts the balance in favor of a score change. 

Scoring records changes in cover extent of 1% or larger. This resolution is of sufficiently 

high granularity to detect removal of individual trees from the priority riparian 

corridor. The granularity is also of high-enough resolution that minor discrepancies in 

capture angle and GPS positioning can affect the cover extent score, causing a false 

appearance of change where none has occurred. 

Score changes due to aspect change were relatively rare in the 2018 sample set and the 

magnitude of the effect on the mean was generally less than 5%. Aspect change errors in 

the sample were not biased upward or downward, and the net impact of aspect change 
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on the estimate of the mean likely tends towards zero. Therefore, aspect changes can 

safely be ignored except in those cases where it appears as cover loss. 

If the change in score due to aspect change results in a false positive in the search 

process for tree removal, then staff will ascertain whether the scores are entered 

correctly and are not the result of a data entry error. Staff will then note the occurrence 

of aspect change error and remove the false positive from the list of potential tree 

removals. 

 

 

Section II: Results 
This summary includes results from a statistical analysis of orthographic imagery for 

two distinct sample sets: 31 permitted sites and 54 randomly selected sites within the 

priority riparian corridor from 2018 to 2020 (see Site Selection in Section I: Methods). 

Sampling Sites Summary 

The County conducts biennial riparian monitoring as new high-resolution aerial 

orthographic imagery is available, and was able to evaluate imagery from 2018 and 

2020.   

Table 2 summarizes the applicable development activity and resulting vegetation 

disturbance. For the permitted sites analyzed between 2018 and 2020, 5 instances of 

vegetation removal were identified, and are currently being investigated.  

 

Sample 

Type 

Building Permits or 

Land Use Files 

Instances of 

Loss/Removal 
Reasons 

Permit Sites 5 5 
Currently being 

investigated 

Random 

Sites 
5 6 

Currently being 

investigated 

Table 2.  Annual report riparian vegetation monitoring findings summary 

 

Table 3 provides a summary of results across sampling pools from 2018 to 2020.  Permit 

sites refer to sites where the County has approved permits that could affect riparian 
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cover in the priority corridor.  Random sites refer to the pool of randomly selected sites 

in the priority corridor. 

  

Table 3.  Summary of Orthographic Survey Data from 2018 to 2020. 

 

Priority Riparian Corridor: Random Sites 

Staff sampled 54 randomly selected sites in the priority riparian corridor using 2018 

orthographic imagery. Figure 4 shows the cumulative density function (CDF) of this 

sample.  The green line shows the proportion of sites (on the y-axis) with a mean level 

of cover extent at or below the value on the x-axis.  Note that the green line reaches 

100% cover on the x-axis at roughly 0.6 on the y-axis, indicating that about 40% of the 

observed sites had full canopy cover.  The gray line is centered on the sample mean of 

85.4%, and the blue dashed lines to the left and right indicate the 2.5% lower and 97.5% 

upper confidence levels on the estimate of mean cover.  In this case, the lower bound of 

79.2% and the upper bound of 91.6% indicate that, based upon the limited sampling in 

this research, the true mean level of cover has a 95% likelihood of lying within the range 

of 79.2-91.6%, if the randomly selected sites are representative of the priority corridor as 

a whole.  
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Figure 4.  CDF of cover extent in 2018 for sites in the priority riparian corridor using 

orthographic imagery. 

 

The most current aerial orthography for Benton County is from the summer of 2020.  

Among the random sample of 54 stream locations in the priority riparian corridor, the 

observed mean extent of cover was 85.2%.  Figure 5 shows the CDF of mean cover 

extent in the 2020 sample, with the 95% confidence interval ranging from 79.5-90.9%. 

There was not a statistically significant decrease in cover from 2018 to 2020 for the 

random site sample, with mean cover extent decreasing by 0.2%, with a range of             

-1.8% to 1.4% within 95% confidence (see Figure 6). The mean reduction in cover is not 

statistically significant not only because it is relatively low compared to the 10% 

reduction threshold, but also because the 95% confidence interval includes 0%. If, for 

example, the lower and upper bounds of the 95% confidence interval were each 

negative, that would show a decrease of statistical significance. However, because the 

95% confidence interval includes 0%, there is not enough statistical evidence to 

confidently report any change occurred. The green line is a density plot showing the 

relative frequency of observed sites at a given level of change. 
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Figure 5.  CDF of cover extent in 2020 for sites in the priority riparian corridor. 
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Figure 6.  Mean change in cover extent from 2018-2020 for sites in the priority riparian 

corridor. 

 

Between 2018 and 2020, staff documented six instances of tree removal in the random 

sample sites, with three instances comprising of more than 10% or 2,000 square feet of 

cover loss.  Staff will be investigating the cover loss and mailing the property owners 

information about the voluntary riparian monitoring program and riparian habitat best 

management practices. 

 

Priority Riparian Corridor: Permit Sites 

To determine if County-issued permits had an effect on cover extent in the priority 

corridor, staff compared the difference in means between cover extent at random sites 

and permit sites. Figure 7 shows the CDF of mean cover extent for the 2018 permit sites 

with an observed mean extent of cover of 82.9%, and the 95% confidence interval 

ranging from 74.0-91.8%.  Figure 8 shows the CDF of mean cover extent for the 2020 

permit sites with an observed mean extent of cover of 80.8%, and the 95% confidence 
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interval ranging from 71.7-90.0%.  There was not a statistically significant decrease in 

cover from 2018 to 2020 for the permit sample, with mean cover extent decreasing by 

2.0%, with a range of -4.3% to 0.3% within 95% confidence (see Figure 9). As seen with 

the random samples, the mean reduction in cover is not statistically significant because 

the 95% confidence interval includes 0%. Riparian zones where the County issued 

permits were not statistically distinguishable from other portions of the priority 

riparian corridor, with the 95% confidence interval including zero, ranging from -6.7% 

to 15.4% using a Welch’s two-sample t-test.  County issued permits did not have a 

detectable impact on cover change from 2018-2020.  Additional sampling would 

improve the ability to detect a difference in means between sites with and without 

recently-approved permits. 

 

 

Figure 7.  CDF of cover extent in 2018 for permitted sites in the priority riparian corridor using 

orthographic imagery. 
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Figure 8.  CDF of cover extent in 2020 for permitted sites in the priority riparian corridor using 

orthographic imagery. 
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Figure 9.  Mean change in cover extent from 2018-2020 for permitted sites in the priority 

riparian corridor. 

 

 

Conclusion 
Since 2013, the Benton County Non-Regulatory Riparian Corridor Program has tracked sites 

in the priority corridor where the County has issued permits and applications that 

could affect riparian cover. The sample size is sufficient to demonstrate with 95% 

confidence that, from 2018 to 2020, permits issued in the riparian priority corridors are 

not resulting in a loss of canopy exceeding the 10% threshold. 

Ongoing riparian monitoring is an integral component to assessing the quality of 

riparian habitat and stream water in the priority corridor.  Continuation of the 

voluntary riparian program reflects the County’s commitment to responsible 

environmental stewardship and protection of community water resources.  

Longitudinal monitoring of randomly selected sites within priority corridor reduces 

site-to-site variation and is currently the most cost-effective and efficient method to 
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detect change in cover.  Staff will continue to use orthographic imagery for biennial 

monitoring and tracking sites in response to permit approvals, adding additional sites 

in response to new approvals.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Biennial Performance Monitoring Report  Page 16 

Appendix I: Documented Instances of Vegetation Loss/Removal 
Random Sites: 

1. Sample 2, 11% reduction in cover 

 

                 2018          2020 

 

2. Sample 11, 15% reduction in cover 

 

                 2018          2020 
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3. Sample 37, 7% reduction in cover 

 

                 2018          2020 

 

 

4. Sample 42, 18% reduction in cover 

 

                 2018          2020 
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5. Sample 46, 5% reduction in cover 

 

                 2018          2020 

 

6. Sample 50, 1% reduction in cover 

 

                 2018          2020 
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Permit Sites: 

1. Sample 3, 13% reduction in cover 

 

                 2018          2020 

 

2. Sample 9, 1% increase in cover 

 

                 2018          2020 
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3. Sample 16, 2% reduction in cover 

 

                 2018          2020 

 

 

4. Sample 25, 10% reduction in cover 

 

                 2018          2020 
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5. Sample 26, 31% reduction in cover 

 

                 2018          2020 
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Appendix II: Priority Riparian Corridor Guide Map 
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Appendix III: Scoring Corrections and Exceptions 
Random Sites: 

1. Sample 1: Corrected 2018 scores based on higher resolution 2020 imagery, as 

2018 score were low due to shadowing that was not present in 2020 imagery, 

revealing tree cover where it was not previously identified, as well as a 

difference in classification of cover (boxes 37-50). 

 

 

                 2018          2020 
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2. Sample 2: Sample boxes 14-34 (even) scores needed to be reduced from a 2 to a 1 

to reflect the tree removal which had covered the stream. The water area is 

typically ignored in the scoring process, but exposed water was counted as "no 

cover" in this instance where the tree cover had been previously seen in the 2018 

imagery. 

 

 

                 2018          2020 
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3. Sample 11: Several scores needed to be reduced from a 2 to a 1 for 2020 to reflect 

the tree removal which had covered the stream. The water area is typically 

ignored in the scoring process, but exposed water was counted as "no cover" in 

this instance where the tree cover had been previously seen in the 2018 imagery. 

 

 

                 2018          2020 

 

4. Sample 21: Corrected 2018 scores based on higher resolution 2020 imagery, as 

2018 scores were low due to shadowing that was not present in 2020 imagery, 

revealing tree cover in the even boxes 2-46. 

 

 

                 2018          2020 



Biennial Performance Monitoring Report  Page 26 

 

5. Sample 37: When scoring the 2020 samples, we reduced the scores of boxes 41, 

47, and 49 from 1 to 0 to reflect tree removal as compared to 2018 imagery, even 

though these boxes would have normally received a score of 1. 

 

 

                 2018          2020 

 

 

6. Sample 39: Corrected 2018 scores based on higher resolution 2020 imagery, as 

2018 scores did not reflect tree cover in the odd boxes 21-27, and 43-49. 

 

 

                 2018          2020 
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7. Sample 46: Sample boxes 42-50 (even) scores in the 2020 samples needed to be 

reduced from a 2 to a 1 to reflect the tree removal which had covered the stream 

in the 2018 sample. The water area is typically ignored in the scoring process, but 

exposed water was counted as "no cover" in this instance where the tree cover 

had been previously seen in the 2018 imagery. 

 

 

                 2018          2020 
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8. Sample 51: Corrected 2018 scores based on higher resolution 2020 imagery, as 

2018 scores were low due to shadowing that was not present in 2020 imagery, 

revealing tree cover in the even boxes 24-46. 

 

 

                 2018          2020 

9. Sample 53: Corrected 2018 scores based on higher resolution 2020 imagery, as 

2018 scores were low due to shadowing that was not present in 2020 imagery, 

revealing tree cover in the even boxes 12-30 (except 20). 

 

 

                 2018          2020 
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Appendix IV: 2012 Approved Benton County Non-Regulatory 

Riparian Corridor Program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Benton County Riparian and Wetlands Project 12/31/12 
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Benton County Non-Regulatory Riparian Corridor Program 

Riparian Vegetation Monitoring 

Scope of Analysis Area and Methodology 

FINAL 

 

Introduction 
 
The Benton County Total Maximum Daily Loads (TMDL) implementation plan was adopted by 
Benton County in 2007, and included the goal of reducing Temperature and Bacteria inputs 
through the protection of riparian corridor vegetation (see Benton County TMDL 
Implementation Plan Tracking Matrix).  Benton County has been in consistent formal 
correspondence with Oregon Department of Environmental Quality (DEQ) water quality division 
staff since October 2011 regarding the development of a non-regulatory riparian corridor 
vegetation program, to comply with Willamette Basin TMDL requirements specifically meeting 
Division 42 TMDL ‘reasonable assurance’1 for TMDL compliance.  Oregon DEQ Water Quality 
modeling and division staff has exchanged email updates (see Attachment A, dated 4/30/12 and 
5/23/12) and verbal request for specific details for a proposed monitoring program if a non-
regulatory program is adopted by Benton County in 2013.  Benton County understands that DEQ 
requires performance monitoring [OAR 340-042-0080 (4) (C)] for both regulatory and non-
regulatory programs, with specific non-regulatory riparian program vegetation monitoring 
requests.   
 
Benton County Riparian and Wetlands Project staff and DEQ Water Quality Division staff has 
worked since November 2011, to develop the following final methodology to meet applicable 
TMDL requirements with a non-regulatory program.  The project website located at: 
http://www.co.benton.or.us/cd/riparian provides comprehensive information on the project.  In 
addition a Program Implementation Process Flow Chart (pg. 5) has been completed and 
should be utilized as a resource to review and understand annual and 5-year monitoring 
methodology. 
 

 

Program Goal 
By means of education, outreach, collaboration, monitoring, and adaptive management, Benton 
County intends to work with property owners to ensure that native riparian vegetation is not 
reduced and is hopefully enhanced.  A key element of achieving this goal is monitoring the status 
of riparian vegetation within priority riparian corridors over time 

 

The elements of the proposed non-regulatory program include: 

 Education and outreach to inform riparian landowners regarding 
preservation/enhancement; 

                                                 
1 “Reasonable Assurance” defined in OAR 340-042-0030 (9) means a demonstration that a TMDL will be 
implemented by federal, state, or local governments or individuals through regulatory or voluntary actions including 
management strategies or other controls. 
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 Support and coordination with watershed councils and soil and water conservation 
districts of their efforts to enhance and restore riparian areas; 

 Continuation of Benton County’s current requirement that new structures adhere to 
setback requirements from streams, with the added provision that any associated riparian 
vegetation removal should be minimized and mitigated for; 

 Monitoring of riparian vegetation conditions; 

 Develop proposed regulatory riparian protection program if monitoring indicates 
degradation is occurring; 

 Periodic reporting to, and consultation with, DEQ regarding riparian conditions and 
adaptive management to determine if degradation is occurring; 

 Budget estimate and assurance of funding; 

 

Scope of Analysis Area 

 
The vegetation analysis will occur within “priority riparian corridors,” defined as:   
 
Land, zoned rural residential, situated within 50ft. (75 ft. for main-stem Willamette River) of 

a. a perennial stream (as determined by Benton County from USGS and BLM data),  
or 

b. a ‘Fish Bearing’ stream with ‘verified’ and ‘assumed’ ‘fish presence’ map 
attributes (as determined by Oregon Department of Forestry)  

 
Excluded from “priority riparian corridors” are:  

1. Land within the Urban Growth Boundary and city limits of the following incorporated 
cities:  Corvallis, Albany, Philomath, Adair Village, and Monroe. 

2. Those portions of private property where farm and forest activities are the primary land 
use;  

3. Public lands. 
 
In summary, monitoring (see Monitoring Methodology) will occur primarily within applicable 
rural residential zoned properties (see Figure 1) AND select locations where multiple 
developments or re-development2 is proposed regardless of the primary zoning designation.  
 

Monitoring Methodology 
 

The following monitoring methodology was developed by Benton County Riparian and 
Wetlands Project staff (Community Development) with guidance provided by ODEQ Water 
Quality Division staff (Pers. Comms. Loboy, Bayham, Michie): 
 

1. Establish baseline characterization of the extent of existing overstory riparian 

vegetation by digitizing vegetation from LiDAR (2008) and best available resolution 

aerial imagery:  LiDAR imagery (captured summer 2008) is currently available for 

                                                 
2 Development or redevelopment defined by ODEQ from Benton County Floodplain Development Permit: 
‘structural (new addition, remodel, and demolition) permits and non-structural projects related to grading, 
excavation, and fill work; construction of fences and retaining walls; stream restoration and rehabilitation work’. 
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significant portions of Benton County and is scheduled to be available for nearly all of 
Benton County by fall 2012 (Attachment B).  Using Arc GIS, LiDAR (2008) ‘highest 
hit’ data subtracted from ‘bare earth’ data will provide vegetation density and height (see 
Attachment C).  The riparian vegetation density and height derived from LiDAR (2008) 
will be compared to most current aerial imagery to determine any changes; resulting in a 
baseline characterization of vegetation.  The 1-meter DEMs will also be utilized to 
determine channel locations.  LiDAR riparian vegetation height/cover analysis (highest 
hits minus bare earth) would be completed for all priority riparian corridors in Benton 
County utilizing current LiDAR data.  The vegetation height analysis will provide 
specific locations/properties where riparian vegetation gaps are located.  In addition, 
riparian vegetation density, height, and width data will provide baseline information for 
determining overall trends of vegetation within the delineated riparian corridor buffer.  
Best available infrared imagery will also be utilized as determined feasible and beneficial 
to determining riparian vegetation baseline. 
 

2. Complete Annual Performance Monitoring (once per calendar year) for active 

building and land use permits:  Aerial imagery (2011, 1-ft. resolution) (Attachment D) 
is available countywide and is updated (approximately) on an annual basis by federal, 
state, or local agencies or private organizations and is available for county use.  Best 
available aerial imagery will be utilized to digitize riparian vegetation presence/absence 
adjacent to priority riparian corridors.  Acquisition and use of best available aerial 
imagery will be focused within areas where applicable county permits3 and/or 
applications4 were approved and are within or adjacent to the priority riparian corridors.  
Aerial imagery and/or photo point monitoring will be utilized to review current year and 
past riparian vegetation condition to determine if riparian vegetation has been removed.  
Areas of apparent vegetation removal will be further analyzed to attempt to determine if a 
natural or exempt activity is responsible.  Staff will document and track 
properties/locations where riparian vegetation removal impacts (other than natural 
disturbance, hazard tree removal, or other currently permitted action) have occurred.  
Staff will also contact owners of such property, informing them that such vegetation 
removal risks the continued non-regulatory nature of the program, encouraging them to 
restore or mitigate, and providing information about riparian best-management practices.  
Any impacts identified during annual performance monitoring will be included in the 
County annual report to DEQ on TMDL Plan implementation. DEQ will evaluate this 
information to determine if the public hearing process should begin for the adoption of a 
regulatory riparian protection program similar to the draft Stream and Riparian Corridor 
Overlay Zone ordinance (Attachment E). 

 

3. Program Trends and Status Report (5-year reporting schedule): After four years of 
non-regulatory program implementation (and every five years after that), Benton County 

                                                 
3 These include: (a) structural building permits other than interior remodels; (b) manufactured dwelling placement 
permits; (c) agricultural building exemptions; (d) road approach permits. 
4 All land use applications, except:  property line adjustment, Development Code interpretation, floodplain 
development permit (but not land development activities in the floodplain permit), and partition exemption (deed 
release). 
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will select 20 stream miles (of the estimated 40-60 stream miles within the priority 
riparian corridors) for evaluation.  Using LiDAR or the best available imagery, Benton 
County will compare riparian vegetation with the baseline established under Step 1 
above.  Areas of decreased riparian vegetation will be identified, and staff will calculate 
the decrease/increase in vegetation coverage within the riparian corridor and quantify an 
amount of change per stream mile.  Areas of apparent vegetation removal will be further 
analyzed to attempt to determine cause and any mitigating factors (e.g., removal of non-
native vegetation; removal of hazard trees; replanting).  The County will prepare a status 
report to DEQ.  The status report will also evaluate the cumulative  results of annual 
monitoring described in Step 2 above.   
 

4. Program Evaluation:  DEQ will review the Five-Year report documenting all program 
monitoring information, including the tracking of properties/locations where riparian 
vegetation removal impacts (other than natural disturbance, hazard tree removal, or other 
currently permitted action) has occurred and description of mitigation completed (if any).  
DEQ will provide an evaluation to Benton County recommending continuation or 
adaptive management of the current program, or, if the non-regulatory program is not 
maintaining the level of riparian vegetation deemed necessary by DEQ, a request that a 
public hearing process occur leading to adoption of a regulatory riparian protection 
program similar to the draft Stream and Riparian Corridor Overlay Zone ordinance 
(Attachment E).  If the report identifies other trends or changes, which may or may not 
be quantifiable, and which are concerning to Benton County or DEQ, Benton County will 
consult with DEQ regarding adaptive management for the non-regulatory program.   

 

Budget & Financial Assurance 
Deliverable Estimated Staff Time 

(hours) 

Budgeted Cost 

Baseline LiDAR Vegetation 
Analysis 

10 (project staff) 
$520 – one time 

Annual Digitization of 
Priority Riparian Corridor 

Vegetation 

120 (combined intern and 
project staff) $2,040 – annual 

Site Inspection and 
Documenting 

50 (project staff or building 
inspector) 

$3,750 – annual  

Compilation, Evaluation and 
Reporting of Annual Change 

20 (project staff) 
$1,040 – annual  

5-Year Program Trends and 
Status Report 

100 hour (project staff) 
$5,200 – every 5 years  

Annual Total:  $6,830 

5th Year Total:  $12,030 

 
These estimated annual expenditures constitute less than 1% of the Benton County Planning 
Division’s budget and are therefore quite manageable.  The 5-Year Report costs are not 
substantial and can be accommodated through the department’s budget planning.  If the proposed 
non-regulatory program is approved by the Benton County Board of Commissioners, staff will 
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request that part of the Board’s action be to provide DEQ with assurance of the financial 
commitment to complete this work. 
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Conclusion  
 
The proposed monitoring program provides a process for Benton County to meet pollutant 
reduction goals for temperature and bacteria and reasonable assurance requirements of the 
Oregon Administrative Rules for Total Maximum Daily Load through a non-regulatory program 
to assess, monitor, and encourage voluntary protection/enhancement riparian corridors to meet 
State water quality requirements as a designated management agency.  
 
We request DEQ confirmation that the proposed monitoring program, if implemented as 
described in this document, will be accepted by DEQ and Benton County will be in compliance 
with TMDL requirements.  Benton County staff requests that the county and DEQ finalize a 
written agreement assuring that a DEQ accepted/approved monitoring methodology is provided 
to the Benton County Planning Commission and ultimately the Board of Commissioners. 
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Figure 1. Scope of Benton County Non-Regulatory Riparian Vegetation Monitoring  

 
 

 


