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1. INTRODUCTION 

The Santa Cruz County Zone 7 Flood Control and Water Conservation District (District) is the 

local sponsor and superintendent of the levees along the right bank of the Pajaro River and both 

banks of Salsipuedes Creek. Monterey County Water Resource Agency (MCWRA) is the local 

sponsor and superintendent of the levees along the left bank of the Pajaro River. The levee system 

was constructed by the United States Army Corps of Engineers (USACE) in 1949. Original designs 

underestimated discharges on the river resulting in higher-than-average flood risk. The inadequacy 

of the levee system is exacerbated by riparian vegetation which contributes to channel roughness 

and further increases flood risk.  Floods in the 1990’s specifically identified channel roughness as 

a leading cause of levee failure and widespread flooding in the Pajaro Valley. To address this risk, 

the District and MCWRA completed vegetation management along the Pajaro River. 

 

In September and October of 2021, Community Tree Service, Inc. (CTS) mechanically removed 

vegetation in channel along ~1.8 miles of the Pajaro River. Removal areas were identified and 

mapped by District staff with assistance from its consultant Northwest Hydraulics Consultants 

(NHC). Management areas were selected based on hydraulic analysis and were targeted to reduce 

levee overtopping risks while preserving ecological function within the river corridor.  

 

Kittleson Environmental Consulting (KEC) conducted daily biological monitoring of the project 

area for protected species and sensitive habitat, and identified and marked trees to be retained. 

District and MCWRA staff surveyed woody vegetation remaining following the CTS removal 

effort. The site was aerially surveyed and photographed by NHC before and after the project.  

 

The project effectively reduced channel roughness while preserving environmental resources 

along the river. However, this project only achieved a fraction of the required flood risk reduction. 

The work presented in this report was meant to serve as the first year in a 5-year, phased vegetation 

management approach for the Pajaro River from Murphy Road downstream to Highway 1. 

Additional work is required to bring the system into compliance with design standards and provide 
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the intended and vital flood protection to the Pajaro Valley. Conclusions and recommendations 

based on lessons learned are presented herein to inform future roughness reduction efforts. 

 

2. BACKGROUND 

Levee system flood and maintenance history are presented herein. These sub-sections are meant 

to highlight significant events (i.e., significant floods, channel clearing activities, levee capacity 

analyses, and coordination with resource agencies) in the levee system’s history. These events are 

meant to present a baseline for comparison with 2021 vegetation management work in respect to 

the consequences of deferred maintenance and past management activities.   

 

2.1. FLOOD CONTROL FACILITY 

The District is responsible for the operations and maintenance of the flood control facility along 

both banks of Salsipuedes Creek and the right (north and west) bank of the Pajaro River. MCWRA 

is responsible for the operations and maintenance of the left (south and east) bank of the Pajaro 

River. 

 

At the time of construction in 1949, the system was designed to accommodate (what was thought 

to be) a 50-year flood discharge. For the Pajaro River that was assumed to equate to 19,000 cfs 

above the confluence with Salsipuedes Creek and 22,000 cfs below. The design discharge for 

Salsipuedes Creek was 1,600 cfs coincident with 19,000 cfs on the Pajaro River or 3,400 cfs 

coincident with 11,000 cfs on the Pajaro River (USACE, 1997). Flood flow recurrence intervals 

were updated with discharge data collected at USGS gages along the Pajaro River at Chittenden 

and Corralitos Creek at Green Valley Road by the USACE (USACE, 2017). Updated flood flows 

showed the design discharge to be closer to a 10 to 15-year recurrence interval.  

 

Original design discharge calculations, for both the Pajaro River and Salsipuedes Creek, were 

performed assuming an average hydraulic channel roughness (Manning’s Coefficient, n) of 0.035 

(USACE, 2017). For reference, a Manning’s roughness n = 0.04 roughly equates to a clean, straight 

channel with only minor vegetation (Chow, 1959). 

 

2.2. FLOODING AND LEVEE FAILURE HISTORY (1995, 1998, AND 2017) 

In March 1995, a peak discharge of 21,300 cfs (greater than the 19,000 cfs design capacity of the 

levee system) was recorded at the USGS monitoring station at Chittenden (NHC, 1996). The flood 

was estimated to be the equivalent of a 6.5% (15.4-year) annual chance exceedance flood event 

(USACE, 2019). Elevated water levels for an extended period resulted in overtopping, seepage, 

and levee failure at several areas upstream from the Salsipuedes Creek Confluence (Figure 2-1) 

which resulted in widespread flooding throughout the Pajaro Valley. According to the 1996 NHC 

report, the levee failures were the result of inadequate channel capacity to convey the flood 

discharge. Capacity was inadequate due in large part to high channel roughness caused by 

vegetation growth in the channel. Estimated damages from the flood were $95 million and there 

were two flood related deaths (USACE, 2019).  

 

During the period of February 8th through the 17th of 1998, a series of storms associated with an 

El Niño event caused flooding and severely damaged the Pajaro River levee system (USACE, 

1998). Pajaro River flows peaked at ~28,000 cfs (exceeding the system’s design capacity) and was 

estimated to be a 3.5% (28.5-year) annual chance exceedance flood event (USACE, 2019). A major 

levee breach occurred along the right bank (Santa Cruz County) at about river mile 3.35, 



  2021 Pajaro River Vegetation Management 

  Post-Project Synopsis 

 SCC – Zone 7 3 9/14/2022 

approximately 1,500 feet downstream of Highway 1. Flooding was mainly limited to agricultural 

land. Scour and erosional damage to the levee system and surrounding area was extensive in the 

reaches between Highway 1 and Murphy Crossing (Figure 2-1). Emergency repair work alone 

totaled nearly $9 million. 

 

In January and February of 2017, a series of storms led to prolonged, high flows on the Pajaro 

River. The peak discharge was 9,080 cfs and estimated to be a 20% (5-year) annual chance 

exceedance flood event (NHC, 2017). Water levels in many locations rose above the elevation of 

the bench and approached the freeboard elevation1 of the levee crest. There was no major levee 

failure associated with these flows, but multiple areas along the Pajaro river were impacted by 

bank scour and overbank erosion due to high water velocities on the bench surfaces. Additionally, 

seepage was observed at multiple locations along the levee and the District constructed an 

emergency seepage berm along the landside toe of the levee downstream from Coward Creek. In 

NHC’s 2017 report they noted: 

 

“The primary reason for the overbank and bench excavation erosion is likely due 

to the presence of dense vegetation below the ordinary high-water line and within 

the main channel of the Pajaro River, which significantly reduces the conveyance 

capacity of the main channel during flows that are then conveyed on the 

floodplain… 

 

NHC recommends a vegetation management program that controls in-channel 

vegetation to reduce channel roughness and maintain design capacity of the Pajaro 

and Salsipuedes flood control projects. Our field investigation indicated extremely 

dense growth of willows and other woody vegetation in the main Pajaro River 

channel.” 

  

 
1 USACE requires 3-feet of freeboard elevation be maintained between the water surface and levee top elevation at 

design discharges as a safety factor for flood risk.  
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Figure 2-1 - 1995 and 1998 levee damage and breach 

locations 

 
 

Notes: Reaches marked on this map differ from reaches designated 

for vegetation maintenance. This map was taken from District files 

following the 1998 flood and there is no plan to alter stream course. 
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2.3. HISTORY OF SIGNIFICANT IN-CHANNEL MAINTENANCE ACTIVITIES 

In-channel maintenance activities along the Pajaro River have evolved since the levee’s 

construction in 1949. Significant in-channel maintenance activities are those associated with 

system wide roughness reduction (typically the removal of dense woody vegetation) or sediment 

removal. The modifications to vegetation maintenance practices over time and the bench 

excavation project of the 2010’s are highlighted in this section.  

 

Maintenance before the 1980s involved driving a bulldozer in the channel from Murphy Crossing 

to the river mouth to clear the channel of deposited sediment, debris, and vegetation (PSDMD, 

1968); material was bulldozed onto the benches. While this management strategy was efficient 

and successfully maintained channel capacity, it created continuous channel disturbance and 

prevented the growth of mature vegetation, resulting in negative habitat and other environmental 

impacts. 

 

As environmental regulations increased, in-channel management slowed in the 1980’s and 90’s. 

In the absence of channel clearing, the riparian corridor established itself and increased channel 

and floodplain roughness. The increased roughness resulted in decreased flood conveyance 

capacity, which contributed to the levee failures in 1995 and 1998. 

 

Following the 1995 flood, the District and MCWRA participated in extensive vegetation clearing 

along the Pajaro River from the Highway 1 Bridge to Murphy Crossing (See Appendix A). 

Maintenance work removed nearly all riparian forest initially, then root balls for many trees were 

also removed. Only scattered trees remained after the work (USACE, 1995). The vegetation 

removal operations likely resulted in adverse impacts to habitat within the Pajaro River Corridor.  

 

Although the vegetation removal efforts increased the conveyance capacity of the leveed corridor, 

it destabilized the soils along the channel and on levee banks. The upper reaches of the Pajaro 

(Highway 1 to Murphy Crossing) were able to convey water through the system without 

overtopping levees during floods in 1998. However, in the absence of the riparian vegetation to 

stabilize the soil, coupled with higher water velocities, there was extensive erosion throughout the 

system. The lower reaches of the River, where vegetation remained dense, experienced levee 

overtopping and another levee failure downstream of Highway 1.  

 

In 2001 and 2002 the District contracted with Harding ESE to develop an Environmental Impact 

Report (EIR) to assess the individual and cumulative impacts resulting from the proposed 

maintenance and operations of the levee system (Harding, 2001 and 2002). The EIR was developed 

in response to the maintenance activities of 1995 and 1998. The plan included measures to reduce 

the impacts of maintenance activities to a less significant level while maximizing the flood 

carrying capacity of the river system. While the EIR seeks to improve ecological function of the 

system, the Final EIR (Harding, 2002) states: 

 

…Significant restoration and biological functionality of the river system cannot be 

accomplished within the confines of the existing levee system without dramatically 

decreasing the channel’s flood carrying capacity. Biological restoration as the 

National Marine Fisheries Service (NMFS), the California Department of Fish and 

Game (CDFG), and many other organizations and individuals would like to see, 

will require a large-scale, cooperative effort using approaches such as setback 

levees that will widen the existing channel, increase flood carrying capacity and 

enable restoration of the river Channel. Therefore, this project should be viewed 
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as a short-term, interim management and restoration project for the Pajaro River 

that significantly lessens the environmental impacts of management actions within 

the existing levee system…  

 

The District and MCWRA conducted consistent vegetation removal in the 2000’s following the 

guidelines established in the 2001 and 2002 EIR. In the early 2010’s the District shifted resources 

for in-channel maintenance to the bench excavation and levee height restoration projects (District, 

2011). The bench excavation project involved the excavation and off-haul of over 300,000 cubic 

yards of sediment from channel benches. The levee height restoration project involved restoring 

levees to their design elevations along the right bank between the Salsipuedes Confluence and 

Murphy Crossing. The projects were completed in October of 2014.  

 

From 2014 to 2016, the District performed limited in-channel vegetation maintenance. Hydraulic 

analysis indicated that the system followed conveyance requirements because of the increased 

channel conveyance capacity afforded by the bench excavation and levee height restoration, along 

with extreme drought conditions lasting from 2014 to 2016 that resulted in reduced vegetation 

growth. However, following high flows in 2017, it became apparent that roughness assumptions 

made for the hydraulic modeling were an incorrect representation of channel conditions.  

 

In response to flow events during 2017, the District trimmed between 7,000 and 8,000 cubic yards 

of vegetation on the right bank of the Pajaro from Highway 1 to Murphy Crossing between August 

and October 2018 (District, 2019). The District followed the vegetation maintenance guidance set 

forth in the 2001 EIR when it trimmed vegetation. Parallel vegetation management activities were 

not undertaken by MCWRA during this period – resulting in dense vegetation on the left overbank 

downstream of Murphy’s Crossing. 

 

2.4. HYDRAULIC MODELING 

A recent hydraulic capacity analysis (NHC, 2021) using a HEC-RAS 2D hydraulic model showed 

that channel conditions were deficient in meeting the design standards of the levee system. The 

modeling showed that the channel could likely only pass ~11,000 to 13,000 cfs along the Pajaro 

River while meeting the 3-foot freeboard requirement. This is less than the design capacity of 

19,000/22,000 cfs of the system.   

 

In addition to the capacity analysis, NHC also tested the system’s sensitivity to roughness to 

determine the approximate average roughness required to meet the system’s design discharge 

while maintaining 3-feet of freeboard. The model showed that total, cross-sectional, average 

Manning’s roughness coefficient would need to be n = 0.04 (roughly equating to a clean, straight 

channel with only minor vegetation [Chow, 1959]) to meet the design standard. This roughness 

nearly corresponds to the original levee as-builts design Manning’s roughness coefficient (n) of 

0.035 (USACE, 1997). 

 

Using the 2D model developed by NHC, the District simulated various roughness reduction 

alternatives to inform maintenance activities (District, 2021a). Excluding the existing conditions, 

the District simulated 4 roughness reduction alternatives between the Highway 1 Bridge and 

Murphy Crossing. Simulated roughness reduction ranged from uniform vegetation clearing on 

both sides of the channel for the entire reach, to alternatives that examined staggering the clearing 

from bank to bank, while phasing the clearing over a five-year period. A staggered and five-year 

phased roughness reduction alternative was recommended as the preferred alternative to reduce 

impacts to habitat, protected species and water quality. Roughness reduction in the first two phases 
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was targeted in areas to reduce the risk of overtopping while the following three phases was 

focused on increasing the freeboard safety factor of the levee. 

 

2.5. COORDINATION WITH RESOURCE AGENCIES 

Historically, flood hazards along the Pajaro River and its tributaries have been managed through 

levee maintenance and hand removal of vegetation from the channel under a Memorandum of 

Understanding (MOU) with the California Department of Fish and Game (now CDFW) and a 

Riparian Exception Permit from the County (Harding, 2002).  Following the floods in 1995 and 

1998, the District prepared the 2002 Environmental Impact Reports for the Pajaro River and 

Salsipuedes and Corralitos Creeks Management and Restoration Plan, which analyzed the impacts 

of past and proposed maintenance activities (Harding, 2002). The EIR continues to provide the 

foundation for ongoing maintenance operations and best management practices that continue to be 

implemented. 

 

In 2004, the Santa Cruz County Board of Supervisors approved an amendment to County Code 

exempting maintenance of the Pajaro River and Salsipuedes Creek levees and the area within them 

from the provisions of Chapter 16.30 Riparian Corridor and Wetlands Protection, making the 

Riparian Exception Permit no longer required.  The District continued to maintain authorization 

from CDFW for vegetation maintenance through December 31, 2012.  At that time, the District 

shifted its focus to implementation of the Pajaro River Bench Excavation Project, intended to 

increase channel capacity through sediment removal.   

 

Following high flows in 2017, the District, under new management and staffing, notified CDFW, 

as well as the Central Coast Regional Water Quality Control Board, NOAA Fisheries West Coast 

Region (now National Marine Fisheries Service or NMFS), and United States Fish and Wildlife 

Service (USFWS), of its intent to manage vegetation within the channel to improve capacity prior 

to the next storm season.  At that time, it was requested by several agencies that the District 

coordinate a plan for regulatory compliance for future vegetation maintenance. A field meeting 

with representatives from each agency was held on August 1, 2018 and was followed by roundtable 

meetings with the same group on May 2, 2019, September 27, 2019, and December 20, 2019.  The 

result of the roundtable meetings was a decision by the District to prepare a stream maintenance 

program that would describe maintenance activities, update best management practices, and 

provide options for mitigation, when needed. 

 

The District initiated and completed a Request for Proposals process and entered into a contract 

with Horizon Water and Environment on February 16, 2021.  Since then, Horizon and the District 

have been developing a stream maintenance program.  Additional agency roundtables were held 

on September 28, 2021, and November 10, 2021, to update agency staff on the progress of stream 

maintenance program development.  At the November meeting, agency staff requested that the 

District prepare a biological conditions report to support the stream maintenance program.  

 

During 2021, the District determined that implementation of additional vegetation management 

was necessary to correct a substantial channel capacity deficiency and notified the agencies of the 

need.  After several emails and meetings with Regional Board staff, a draft 401 Water Quality 

Certification was filed on June 18, 2021.  The Regional Board informed the District on September 

9, 2021 that they would not object to the District conducting the vegetation management activities, 

and the District proceeded with the work.  The Regional Board then issued a Requirement to 

Obtain Regulatory Coverage on November 1, 2021, with a deadline of December 31, 2021, to 

which the District responded with a letter dated December 20, 2021, describing its progress and 
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committing to a Report of Waste Discharge submittal in Spring 2022, even as it was continuing to 

develop a stream maintenance program that would cover the same work. The Regional Board then 

issued a Notice of Violation on February 11, 2022, to which the District committed to delivery of 

a Report of Waste Discharge on May 2, 2022.  The Report of Waste Discharge was submitted on 

April 29, 2022. On June 29, 2022, the District received notice from Regional Board that the Report 

of Waste Discharge was inadequate.  

 

Additionally, MCWRA filed an application with CDFW for the 2021 work, under a previously 

approved consolidated process (project area straddles the jurisdictional boundary between CDFW 

Regions 3 and 4), on July 29, 2021. CDFW issued an Incomplete Notification on August 27th, 

2021.  The District and MCWRA were unable to address CDFW comments prior to vegetation 

management activities and the work proceeded as scheduled.  CDFW issued a Notice of Violation 

on November 12, 2021.   

 

Coordination with both CDFW and the Regional Board, as well as NMFS and USFWS, is ongoing.  

The District and MCWRA believe that the forthcoming stream maintenance program will resolve 

outstanding issues with CDFW and the Regional Board, and meet the needs of other regulatory 

agencies. 

 

3. METHODS 

3.1. VEGETATION MANAGEMENT 

In-channel roughness reduction was accomplished by the removal of dense, woody, riparian 

vegetation within the leveed corridor of the Pajaro River. Four reaches (reaches 4 and 6 on the left 

bank [Monterey County] and reaches 3 and 5 of the right bank [Santa Cruz County]; [Figure 3-1]) 

were originally targeted for roughness reduction activities (District, 2021b). However, because of 

time constraints, there was no vegetation removal conducted in reach 5. These 4 reaches where 

vegetation removal was completed in 2021 will be referred to as the Project Area.  

 

Vegetation management was targeted in these four reaches to reduce overtopping risk both in the 

area adjacent to the maintenance and in upstream reaches due to backwater effects. Work was 

targeted on a single side of the channel within each reach in an alternating pattern between reaches 

to reduce ecological disturbance through the system. The concept of alternating bank management 

is that while one side is managed, and subject to temporary disturbances, the opposite bank is 

untouched and allows contiguous habitat within the project area to persist.  

 

Community Tree Service (CTS) was selected as the contractor as the only bidder for the project. 

CTS has worked with the District in the past on similar vegetation management projects along the 

river. CTS used the following equipment: 

 

• FellerBuncher with a disc saw head 

• Sennebogen 718E 

• 6 Ton mini excavator with grapple attachment 

• 2290 Brush Chipper on Tracks 

• 2x 4WD trucks with miscellaneous equipment 

CTS’s FellerBuncher and Sennebogen are specialized equipment typically used in timber harvest 

operations that served to reduce the temporary disturbance of the vegetation trimming activities. 
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Along the Pajaro, trees were securely grasped by the equipment, cut, lifted, and moved to a chipper 

above the ordinary high water (OHW) in an efficient and minimally impactful manner. Trees and 

vegetation were chipped and broadcast on site, above OHW along the upper bench. 

 

At least one tree was marked and retained every 40 feet along the length of the Project Area. 

Additionally, all trees within a minimum of 5 feet of the low flow channel were retained. Limbing 

was conducted in areas designated on the plans and were targeted as locations where clusters of 

heritage trees in excess of 40 feet tall were expected. Sensitive areas in reach 6 were inspected 

with District staff, biologist, and CTS prior to roughness reduction activities. Based on the 

topography and vegetative composition, the sensitive areas were marked and avoided by 

equipment. Willow species were the primary target for removal. Priority for tree retention was 

given to less abundant species such as box elders, cottonwoods, oak trees, sycamores, and alders.  

 

3.2. VEGETATION SURVEY 

All trees retained in and along the fringe of the targeted vegetation management area were mapped 

using a Trimble R2 GNSS GPS unit and ESRI’s ArcGIS Online Collector App. For efficiency, co-

located, similarly sized trees of the same species were grouped into single mapped points. An 

average diameter at breast height (DBH) was measured in the field and the number of trunks were 

recorded for each point. This surveying method allowed the mapping team to be more efficient in 

the field while still fully capturing the composition of the retained vegetation. When crews could 

not readily identify a tree, it was labeled as other; this category likely represents trees that are from 

other categories but could also have been trees such as coyote bush, white alders, tobacco trees.  A 

portion of reach 3 was not surveyed due to safety concerns. 

 

3.3. UAV SURVEY 

The project area was mapped using an unmanned aerial vehicle (UAV) to produce before and after 

orthoimagery and digital surface models (DSM). Aerial imagery was collected by NHC using a 

DJI Phantom 4 Real-Time Kinematic (RTK) UAV. The accuracy achieved with the RTK-UAV 

allows the images to be geotagged with survey grade GPS locations and the development of a 

reasonably accurate vegetation surface. Given the linear orientation of the project area, a corridor 

flight pattern at 400 feet above ground level was used to collect the aerial images. Collected 

imagery was processed through Pix4D, a professional photogrammetry and drone mapping 

software, to produce an orthoimage and DSM. The topographic accuracy was not validated using 

ground collected RTK-GNSS check points. However, given the accuracy of the RTK-UAV, the 

camera location is known within a few centimeters and the resulting surface is expected to be 

within a few tenths of a foot for planar surfaces and a few feet for vegetation canopy. 

 

The DSMs from pre- and post-treatment were differenced to provide spatial data showing where 

and how much changed occurred. Several steps were taken to clean up these results. First, the areas 

away from known treatment were removed from the analysis. These artefacts were considered 

noise and are inherent due to the composition of the foliage, shadows, and the general position of 

vegetation at the time of each survey. Some artefacts within the remaining data exist but are 

considered negligible compared to the greater changes. Secondly, elevation differences less than 

10 feet were removed from the data, and this was done to reduce the uncertainty and noise 

associated with the data. Finally, there were two heritage trees that lost their leaves between survey 

dates, which caused the DSM difference to incorrectly identify these trees as being removed. These 

two areas were also removed from the difference results. 
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3.4. HISTORIC AERIAL IMAGERY COMPARISON 

As a means to interpret how the 2021 vegetation removal efforts compare to past maintenance and 

provide a comparative baseline, aerial imagery from several years was compared to assess past 

and existing coverage of vegetation. Aerial imagery from June 1995 and June 2007 were compared 

to the September and October 2021 UAV aerial imagery datasets. The June 1995 imagery dataset 

was chosen as this was just months after the 1995 flood and subsequent channel clearing; this 

imagery is black and white, has lower quality than the other images, and some challenging shadows 

to identify. The June 2007 imagery dataset was chosen as this was near the last time the District 

and MCWRA had regularly been performing channel maintenance, this imagery is in high 

resolution color. For each image set, the areal extents of tree canopy were delineated in GIS. The 

areas for each reach were then computed and comparisons were made to assess how the 2021 

vegetation management efforts compare to areal extents at the time when previous management 

strategies were being performed. It is important to note that this approach does not consider 

vegetation height or density, merely an approximation of areal coverage as interpreted from the 

images.  

 

3.5. SPRING INSPECTION 

On May 17, 2022 staff from the District and NHC visited the Pajaro River. They inspected site 

conditions and assessed vegetation regrowth at areas within each reach of the project area. Staff 

also visited future vegetation management areas within reach 8.  
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Figure 3-1 – Pajaro River vegetation management reaches 

 

 

Notes: Figure was taken from District’s Hydraulic Analysis of 

Vegetation Roughness Management Alternatives (District, 2021a) 

f
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4. RESULTS 

4.1. VEGETATION MANAGEMENT 

Vegetation management began on September 27th, 2021 and finished on October 14th, 2021. Work 

followed the planning maps produced by NHC for the District (Appendix B) and was sequenced 

based on hydraulic benefit. It had been longer since the left bank (Monterey County) had been 

managed, so it was targeted first. Work began in reach 4 and then proceeded to reach 6. Work on 

the left bank lasted until October 11th. The final three days of work were focused on reach 3 on the 

right bank (Santa Cruz County). Removal of vegetation in this reach was notably easier than in 

reaches 4 and 6, which is due to the relatively more recent vegetation management, circa 2018. 

Because of the October 15th cutoff for work, the District was unable to do any vegetation 

management in reach 5 on the right bank.  

 

Inspection of limbing areas in Reach 6 revealed that the methodology for a targeted and less 

impactful vegetation management strategy were unsuccessful in effectively reducing channel 

roughness to the planned target (Figure 4-1). Removal of lower branches to improve conveyance 

was problematic on steep channel slopes for both specialized equipment and hand crews. 

Meanwhile, removal of cut material could not be transported upland without impacts to 

surrounding vegetation. Instead, CTS used their specialized equipment to remove upper story 

branches that could be reached from the channel bench.  

 

 
Figure 4-1. Example of limbing in Reach 6; photos taken May 17, 2022 (photo credit: 

NHC). 

 

4.2. VEGETATION SURVEY 

Most of the vegetation surveys were conducted between September 30th and October 8th, 2021. 

The remainder of the surveying was completed on the November 18th, 2021 when staffing was 

available. Due to safety concerns related to trespassing and illegal camp activities, vegetation in 

some areas of the project (primarily the upper portion of reach 3) was not mapped.   
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The vegetation survey shows that willows continue to dominate the project area following the 

implementation of the 2021 vegetation management ( 

 

Table 4-1; Appendix F). Cottonwood and box elder trees were common, while sycamore and oak 

trees were less prevalent.  

 

The average diameter at breast height of the remaining trees shows that for all species, the trees in 

reach 3 are of a smaller diameter than in reaches 4 and 6 (Table 4-2). This difference reflects the 

relative growth of trees since last managed; recall that the District performed vegetation 

management in 2018, while it is estimated that MCWRA had not managed vegetation on the left 

bank since 20082. An additional less systematic reason for the smaller diameter trees could be due 

to the active homeless encampments clearing trails and harvesting wood for structures and burning.  

 

Table 4-1. Number of trees surveyed by species and percentage of species within each reach. 

Species Reach 3 Reach 4 Reach 6 

Willow 1569 / 85.6% 586 / 92.0% 3926 / 89.6% 

Cottonwood 111 / 6.1% 30 / 4.7% 343 / 7.8% 

Box Elder 61 / 3.3% 13 / 2.0% 97 / 2.2% 

Sycamore 0 / 0.0% 3 / 0.5% 10 / 0.2% 

Oak 2 / 0.1% 5 / 0.8% 1 / 0.0% 

Other 89 / 4.9% 0 / 0.0% 4 / 0.1% 

 

Table 4-2. Average diameter (inches) at breast height of trees surveyed by species and reach. 

Species Reach 3 Reach 4 Reach 6 

Willow 2.6 6.0 4.0 

Cottonwood 3.2 14.6 5.8 

Box Elder 2.8 9.2 4.7 

Sycamore - 6.0 9.3 

Oak 1.5 8.4 6.5 

Other 1.5 - 2.1 

 

4.3. UAV SURVEY 

4.3.1. ORTHOIMAGERY 

UAV mapping of the project area was performed on September 9th, 2021 and October 28th, 2021. 

Orthoimagery collected before and after vegetation management effectively show the visual effect 

of the vegetation removal within the project area (Appendix C). In areas with a narrower riparian 

corridor, sheets 1, 2, and 4 of Appendix C (representing reaches 3, 4, and the lower portion of 

reach 6), the visual impact is not noticeable. Conversely, in the upper portion of Reach 6 (sheet 5 

of Appendix C), a significant amount of vegetation was removed due to the wider coverage of 

overbank vegetation. A considerable amount of time was spent removing vegetation in this area 

due to the volume of material. Although there was a significant amount of vegetated material 

 
2 This estimate is based on historic aerial imagery available in Google Earth. 
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removed, important vegetation remains (i.e. heritage trees, vegetated buffer around the sensitive 

ponded area, and bench excavation plantings). The trees selected for retention that were spaced 

every 40 feet are not easily seen in the aerial imagery, but were captured in the vegetation survey 

(Figure 4-2 and Appendix F), and will presumably be more evident in the aerial imagery of 

subsequent years as the tree canopies develop. 

 

The aerial imagery proved valuable for the District, MCWRA, and local law enforcement agencies 

for identifying and locating illegal camps within the leveed corridor. Notable camps were 

identified in all reaches of this project, with the most significant being in the upper portion of reach 

6 on the excavated bench (sheet 5 of Appendix C). Following vegetation management, MCWRA 

embarked on outreach, eviction, and cleanup efforts within all project reaches (3-6). In total, 

MCWRA removed 45 tons of debris from over 50 sites. The District coordinated a cleanup effort 

in April 2022 along reach 5 and the lower portion of Salsipuedes Creek left bank. In total the 

District removed over 200 cubic yards of debris along with 1 boat and 1 vehicle. City of 

Watsonville continues its on-going cleanup efforts within the City limits along the river. In all 

cases, the aerial imagery was used in the planning of these efforts.  

  

 
Figure 4-2. Ground photo showing 40 feet spacing between retained trees; photo taken May 

17, 2022 (photo credit: NHC). 

  

4.3.2. DIGITAL SURFACE MODELING AND DIFFERENCING 

In addition to the UAV aerial imagery, the produced DSMs provides a useful opportunity to 

compare pre- and post-vegetation heights (Appendix D and Appendix E; Figure 4-3). These results 
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show where and approximately how high changes were due to the vegetation removal. In general, 

the elevation of trees removed were evenly spread between 10-50 feet tall. However, most trees 

removed in reach 3 were only 10-20 feet tall. What appears to be an anomaly is likely due to the 

targeted area in reach 3 also having vegetation removal in 2018; this suggests that over the three-

year period that willows along the Pajaro River grow to a height of around 10-20 feet tall. It is 

anticipated that this will be a common trend in the data as additional right bank treatments are 

performed. 

 

The original scope of the project was to have a total of 11.8 acres of dense, woody, riparian 

vegetation removed in reaches 3, 4, and 6, excluding limbing areas. Based on the areal extents of 

the DSM differencing, it is estimated that these efforts came up about 2.0 acres short (Table 4-3). 

This difference is due in part to the October 15th work cutoff and primarily due to onsite 

adjustments made by the District and its consultant KEC. 

 

 
Figure 4-3. Estimated distribution of vegetation heights removed during 2021 management. 

 

 

Table 4-3. Targeted coverage of removal (excluding limbing areas) compared to aerial 

coverage of removal based on DSM differencing, in acres. 

Reach Reach 3 Reach 4 Reach 6 Total 

Targeted 3.2 2.1 6.5 11.8 

DSM Differencing 1.5 2.0 6.2 9.8 

 

4.4. HISTORIC AERIAL IMAGERY COMPARISON 

The use of the aerial imagery provided a means to compare areal extents of vegetation within each 

managed reach and over several time periods (Table 4-4; Appendix A). Here we see that each 

reach saw a reduction in areal coverage due to the 2021 maintenance, and that reach 6 has nearly 

double the amount of vegetation coverage than that in reaches 3 and 4. Comparing the post-

removal vegetation coverage (2021-10) with the coverage from a period when channel 

maintenance was more regular (2007-06), it is clear that the project did reduce areal vegetation 

coverage back to the 2007 era, but was far from returning conditions to 1995. Much of the added 

vegetation growth in reaches 3 and 6 is due to the bench excavation sites (Native Vegetation 
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Network, 2012), where native species of trees (e.g, willows, box elder, and black cottonwood), 

shrubs (e.g., California blackberry, mugwort, and California sage), and herbs/grasses (e.g., 

California tule, creeping wild rye grass, and marsh baccharis) were planted and maintained with 

the guidance of Native Vegetation Network3. 

 

It was noted that the estimates of vegetation removal performed using the aerial imagery (this 

section) and the DSM differencing (Section 4.3.2) do not match. For example, reach 6 results 

comparing aerial imagery suggests that 4.4 acres were removed, while the DSM differencing 

suggests that 6.4 acres were removed. One point to be made for this comparison is that there is 

inherent uncertainty in these methods of estimating vegetation coverage. Another important note 

is that the estimated acreage from comparing the 2021 DSM differencing is likely closer to an 

overall impact to vegetation footprint, while the aerial imagery comparison is more representative 

of overall change in canopy. 

 

Although the impacts of the 2021 vegetation removal initially appear drastic, they are less 

impactful than previous efforts. Unless areas of the project are regularly mowed, the vegetation 

will rebound as was noted in the 10-20 foot tall trees in reach 3 after three years of regrowth. 

 

Table 4-4. Comparison of areal extents of vegetation over time, in acres.  

Imagery Date/Comparison Reach 3 Reach 4 Reach 6 

1995-06 2.9 2.8 9.3 

2007-06-13 8.6 8.9 17.4 

2021-09-09 11.6 11.6 24.3 

2021-10-28 9.9 10.0 19.8 

Approx. 2021 Canopy Reduction4 1.7 1.5 4.4 

 

4.5. SPRING INSPECTION 

4.5.1. VEGETATION OBSERVATIONS 

The past year’s vegetation removal efforts were not immediately obvious walking the Project Area 

in May 2022, because vegetation growth obscured where trees were removed (Figure 4-4). In 

particular, the growth from willow stumps was notable. Almost all willow stumps had regrowth 

of willow shoots of 2 to 6 feet in height. 

 

Bent trees and broken limbs were observed in areas with a wider floodplain bottom (reaches 4 and 

6) where free standing trees were left exposed after vegetation management activities. The District 

suspects that this was due to high winds. Despite being bent over or broken, willows have adapted 

to this kind of temporary disturbance and were observed sprouting new growth (note lower photos 

in Figure 4-4). Prior to vegetation management, these stands of willows were observed to be 

similar in age and had relatively small DBH for their height. The willows had adapted to the winds 

by shielding each other from those forces. Vegetation management eliminated the protection the 

stand provided, causing the remaining trees to be more susceptible to the impacts of high winds.  

 
3 Annual vegetation monitoring reports of the bench excavation project (2012-2022) can be made available upon 

request. 
4 In comparison to Table 4-3, the estimated acreage from comparing the 2021 DSM differencing is likely closer to an 

overall impact to vegetation footprint, while the aerial imagery comparison is more representative of overall change 

in canopy. 
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In the past two years a species of caterpillar (Western Tussock Moth Caterpillar, orgyia vetusta) 

has been observed feeding on willow leaves (Figure 4-5). This year the caterpillar population along 

the Pajaro was significant enough to noticeably impact the canopy foliage (primarily on reaches 4, 

5 and 6), giving a generally bare appearance of many of the willows compared to other tree species 

(Figure 4-1). Similar observations were made in spring and summer of 2021. The District’s 

biologist suspects that dry spring condition likely allowed the population to explode (KEC, 2021). 

Although many willows suffered defoliation, the trees recovered and survived. 

 

District and NHC staff also inspected reaches targeted for the next phase of vegetation 

management (reaches 7 through 10, Figure 3-1). Staff focused on the southern bend in reach 8 on 

the left bank where a wider floodplain bottom provides opportunity for refinement of vegetation 

management techniques. Discussion and inspections focused on retention/marking of heritage 

trees, strategies to minimize loss of vegetation due to high winds, techniques to minimize impacts 

to ecological function within managed areas, and channel zones that would be better candidates 

for limbing activities. 

 

 

 
Figure 4-4. Example photos showing vegetation regrowth, especially willows, including those 

that have been bent over due to high winds; photos taken May 17, 2022 (photo credit: NHC). 

 

 



  Hydraulic Analysis of Vegetation Management  

  Roughness Management Alternatives 

 SCC – Zone 7 18 9/14/2022 

 
Figure 4-5. Caterpillars feeding on willows; photos taken May 17, 2022 (photo credit: NHC). 

 

4.5.2. ADDITIONAL OBSERVATIONS 

Inspection of illegal encampments revealed that many of the sites that were cleaned and cleared 

following the 2021 vegetation management, had been re-occupied along with new camps forming. 

It was also noted during this inspection that there appeared to be an increase in the number of sites 

that had either dug into channel banks or levee embankments (Figure 4-6). Multiple channel 

crossings were also observed throughout the project reach. These crossings were crudely 

constructed of woody debris, shopping carts, mattress, and various other debris. The crossings in 

all cases either partially or fully blocked the passage of water in the low flow channel.  

 

Areas where woodchips were broadcast along the upper benches were observed to have inhibited 

vegetation growth (Figure 4-7) compared to adjacent, undisturbed grassy benches. Woodchip areas 

are visible in the October 28, 2021 imagery (Appendix C). 

 

Racking of woody debris was observed on the remaining trees throughout the upper portion of 

reach 6 (Figure 4-8). It is believed that racking was primarily due to the winter flows peaking 

around 1,450 cfs (December 28, 2021) and carrying debris from upstream. These flows were high 

enough to flow overbank and pick up loose material in channel that was carried downstream to the 

project area. The relocation and jamming of wood are viewed as an important benefit for instream 

fish habitat (Santa Cruz County Planning Department, 2003). 

 

A pond in the low flow channel was observed at the upstream end of reach 6. This pond was not 

known to exist prior to the 2021 vegetation work. At the time of the inspection, it was disconnected 

from the low flow channel. Tadpoles were observed in this pond (Figure 4-9). District biologist 

inspected the pool and indicated that they were western toad tadpoles (KEC, Personal 

correspondence, July, 2022). District biologist also indicated that the conditions existing at this 

pond (a mix of sun and shade) made this pond suitable for red legged frog spawning and rearing 

habitat if they were to migrate to this location. 
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Figure 4-6. Reestablishment of encampment; photos taken May 17, 2022 (photo credit: 

NHC). 

 

 

 
Figure 4-7. Vegetation growth inhibited where wood chips were broadcast; photos taken 

May 17, 2022 (photo credit: NHC). 
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Figure 4-8. Racking of wood against standing trees due to 2021-2022 winter flows; photos 

taken May 17, 2022 (photo credit: NHC). 

 

 
Figure 4-9. Tadpoles in pond; photos taken May 17, 2022 (photo credit: NHC). 
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5. CONCLUSIONS AND RECOMMENDATIONS  

5.1. HISTORIC MANAGEMENT AND ONGOING VEGETATION MAINTENANCE 

• Roughness management is critical for the safety of life and property to the communities 

of Watsonville and Pajaro. The levee system was originally designed and constructed 

with incomplete hydrologic data leading to increased flood risk for the City of 

Watsonville, the town of Pajaro, and the rest of the Pajaro Valley. The design of the 

system and original maintenance regime of sustaining a channel devoid of any 

significant vegetation is unrealistic in today’s regulatory landscape.  

o Recommendations 

1. Roughness reduction management should continue while the District’s 

Stream Maintenance Program is developed and until the Pajaro River Flood 

Risk Management Project is completed. 

• History shows that channel roughness was a primary factor contributing to over 

topping, levee failure, and flooding that caused loss of life and extensive damage to 

property and agricultural land during the 1995 and 1998 floods. It was also a major 

factor in elevated water levels during high flows of 2017. The vegetation management 

work documented in this report demonstrates the District’s efforts at reducing the 

roughness in the Pajaro River system to reduce flood risks and maintain the system’s 

design capacity, while attempting to balance concerns expressed by regulatory and 

permitting agencies.  

• Although channel roughness reduction is critical in maintaining conveyance capacity, 

records also indicate that excessive channel clearing, and disturbance can lead to bank 

erosion and risk of levee failure. Heavy channel clearing following the 1995 floods, 

prevented overtopping in reaches upstream of Highway 1, but led to bank erosion 

throughout the system and resulted in costly repairs. The vegetation management 

completed in 2021, followed by additional phases of work, aims to balance roughness 

reduction while maintaining bank stability and significant impacts to water quality.   

o Recommendation 

2. A staggered and phased roughness reduction approach should continue to 

be employed. This approach will limit the length of channel that has most 

recently undergone vegetation maintenance. It is the most recently 

maintained areas that are most vulnerable to bank erosion, scour, and costly 

repairs (as was evidenced in 1998 following the 1995 channel clearing).   

• Aerial imagery from 2021 shows that maintenance within the project area matches the 

level of roughness reduction from previous years (i.e. 1995 and 2007) and follows the 

guidance set forth in the District’s hydraulic analysis (District, 2021a). However, 

additional trimming is necessary to bring the flood control system into compliance with 

the system’s design standards. Additionally, as noted during the 2022 spring inspection, 

the vegetation along the Pajaro River will regrow. This documented regrowth 

emphasizes the importance of diligently managing channel roughness to maintain 

conveyance and provide the required flood protection to the Pajaro Valley. 

o Recommendation 



  Hydraulic Analysis of Vegetation Management  

  Roughness Management Alternatives 

 SCC – Zone 7 22 9/14/2022 

3. Additional phases of vegetation removal work should move forward as 

planned. The remainder of phase 1 work and phase 2 is planned to take place 

in reaches 7, 8, 9, and 10. Reaches planned for treatment in phases 3,4, and 

5 can be found in Appendix G. 

 

5.2. 2021 VEGETATION MANAGEMENT 

• Vegetation management was successful in reducing channel roughness through the project 

area. The District believes that there was a hydraulic benefit achieved, but less than the 

water surface reduction shown in phase 1 of the hydraulic analysis of vegetation 

management alternatives report (District, 2021a). The lack of benefit stems from 

ineffective limbing in Reach 6 and the absence of vegetation management in Reach 5.  

o Recommendations 

4. Limbing areas in Reach 6 should be monitored and a determination should 

be made if additional vegetation management should occur. 

5. The methodology for selecting limbing areas should be revised. Limbing 

should concentrate on thinning of understory while retaining the existing 

trees. Maintenance crews and equipment should be able to operate 

effectively without unwanted impacts. The District plans to identify and 

flag limbing areas in the field for future work and anticipates that these areas 

will focus on bench excavation sites.  

6. Vegetation management should be completed in Reach 5 at the same time 

as Phase 2. 

• Chip disposal areas were observed to inhibit growth of grasses (both native and invasive). 

Without grass chip disposal areas could be more susceptible to scour if high flows occur 

prior to the establishment of grasses. It was also noted that chip disposal areas were thicker 

in reaches where more vegetation was removed, and the upper bench was narrower (most 

obvious in Reach 6).  

o Recommendations 

7. District should investigate the viability of using woodchips to naturally 

manage invasive species growing on the upper benches. For this approach 

to be effective, it may be necessary to combine it with herbicide treatment 

of invasive species and re-seeding with native grasses.  

8. Monitor chip disposal areas prior to and after high flows to assess 

vulnerability to scour.  

• Bent trees and broken limbs after vegetation management were likely due to high 

winds. Trees marked for retention were more vulnerable to wind damage because of 

increased exposure. Although growth was observed on the damaged trees, these plants 

will likely be more susceptible to disease and rot  

o Recommendations 

9. The District will consider a few different strategies to mitigate for issues 

related to wind damage: 

i. Retention of larger clusters of trees. This approach would likely 

target areas in the river corridor that could accommodate denser 

pockets of vegetation that would not negatively impact conveyance. 
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If this approach is used, the spacing should be increased from 40 

feet. The impacts of flow diversion around clusters of trees and the 

associated potential for scour/deposition should be evaluated. 

ii. Retention of rows of trees. This will allow for additional vegetation 

while keeping channel roughness low. The potential of preferential 

flow paths and the consequences/benefits should be evaluated and 

understood before implementation of this strategy. 

iii. Targeting younger trees for retention. Younger trees may better 

recover from high winds, as they can adapt to environmental 

conditions as they grow. Depending on the vegetated composition 

within the channel, this approach may not be feasible.  

iv. Sustained vegetation management (every 5 years) will help long 

term prevention of the type of willow growth (i.e. same age, high 

density, tall, small DBH, etc.) that has led to wind related damage.  

10. The District should use UAV imagery and DSMs to track the survivorship 

and general health of retained trees over the next few years. This data will 

be useful to help improve management strategies. 

• Based on DSM analysis and field observations, vegetation regrowth was notable. 

Vegetation management in Reach 3 targeted willows that had regrown following the 

2018 trimming. The DSM analysis (Figure 4-3) of this reach showed that the ~80% of 

the vegetation removed had a canopy height between 10 and 20 feet. This indicates that 

trimmed willows have grown between 10 and 20 feet in three years. Furthermore, field 

inspections revealed that many willow stumps had grown sprouts 2 to 6 feet, 7 months 

after project completion. Based on observed regrowth, the District believes that 

roughness reduction may be required in some areas at a higher frequency than 5 years. 

o Recommendations 

11. To help further the understanding of vegetation growth, and monitor 

maintenance areas, the District should use a UAV to survey the river and 

floodplain annually over the next four years to track vegetation 

development and regrowth for the entire levee system.  

12. If vegetation management is required at a higher frequency, it is suggested 

that alternative means to removal and management be explored. Possible 

management methods may include: 

i. Contracting with the California Conservation Corps and 

CalFire. Both organizations offer cost-effective hand crews that 

can trim or thin emergent vegetation without heavy equipment.   

ii. Incorporate goats into maintenance strategy. This is a common 

practice for other levee systems in California and involves 

fencing areas to allow goats to eat the thicker understory 

vegetation.  

iii. Adopt mowing operations following vegetation management. 

Some of the areas that are being targeted for mechanical 

vegetation removal could subsequently be mowed annually. 

Mowing would proactively trim woody vegetation before the 

vegetation grows and requires more significant equipment for 

management.  
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• The prevalence of illegal encampments along the Pajaro River has been exacerbated by 

a lack of vegetation maintenance. Many camps use the vegetation as cover to hide 

structures making it more difficult to identify these areas from the levee top road or 

with aerial imagery. In the District’s previous discussions with law enforcement, they 

indicated that keeping the understory clear in the riparian corridor is critical to 

managing illegal encampments. Based on discussions with law enforcement, and the 

experience of District and MCWRA staff, most illegal camps occur within reaches 3 

through 6. 

o Recommendations 

13. District and MCWRA should monitor the project area and conduct 

vegetation maintenance accordingly to prevent or remove illegal 

encampments within the channel.   

 

5.3. RESOURCE AGENCY COORDINATION 

• A stream maintenance program is necessary to address agency concerns and simplify 

the approval of the District’s annual maintenance activities and subsequent reporting. 

o Recommendations  

14. Complete a draft stream maintenance manual and submit for review to 

resource agencies. 

15. Minimize the amount of proposed vegetation management activities to 

meet, rather than exceed, the required roughness needed to maintain channel 

capacity. 

16. Include best management practices to avoid and minimize environmental 

impacts. Identify opportunities for environmental enhancement that do not 

adversely impact system capacity, such as invasive species management. 

17. Request a consolidated permit process from CDFW. 

• Agency approval of the stream maintenance program, or interim permits, may take 

several years.  The District has attempted to obtain interim permits and engage with 

resource agencies on stream maintenance program development since 2018 and 

continues to seek concurrence on the needs of the system and capabilities of the 

District. As clarified in Arreola v. County of Monterey (2002) 99 Cal. App. 4th 722, 

the District is responsible for maintaining the system regardless of permitting obstacles.  

o Recommendations 

18. Continue to conduct vegetation management as an emergency activity when 

appropriate. 

19. Implement best management practices, including species surveys, 

avoidance of wet weather, and adherence to recommendations of the 

District biologist, when conducting vegetation management activities as an 

emergency activity. 
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7. APPENDICIES 

Appendix A – Historic Aerial Imagery Comparison 

 

Appendix B – 2021 Pajaro River Vegetation Management Plan 

 

Appendix C – 2021 UAV Orthoimagery Before and After 

 

Appendix D – 2021 Digital Surface Model Before and After 

 

Appendix E – 2021 Digital Surface Comparison 

 

Appendix F – 2021 UAV Orthoimagery Before and After with Surveyed Trees 

 

Appendix G – Pajaro Phased Vegetation Management Plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


