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EXECUTIVE SUMMARY 
 
This report from the Scientific Advisory Group (SAG) provides a review and set of 
recommendations regarding the Particulate Matter Reduction Plan (PMRP) submitted by Parks  
(ODSVRA) to the Air Pollution Control District. Under the direction of the April 30, 2018 order of 
abatement (SOA), the SAG was formed officially on July 1, 2018 by mutual agreement of Parks 
and the APCO, taking into advisement the recommendations of the Special Master (Fig. ES.1). 
The three parties met in an inaugural meeting on July 19, 2018, and then again on October 19, 
2018, with the intent of working collaboratively on the development of a 6 month plan. The minutes 
from the fall meeting (Appendix A) outline a total of nine action items identifying the key measures 
recommended for dust control and monitoring, and provide a listing of next steps and meeting 
dates. In January 2019, SAG learned that Parks had contracted MIG to prepare the PMRP with 
substantial input from members of the Parks advisory group (internal staff inclusive of Ronnie 
Glick), and DRI with reference to dust dispersion modelling for the site. A draft of the PMRP was 
provided to SAG very shortly before their scheduled February meeting, with the present report 
constituting our response as required by the APCD. Attachment #8 of the plan was received by 
SAG on February 23, 2019.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure ES.1: Milestones since the April 30, 2018 Stipulated Order of Abatement (SOA). 
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The PMRP follows the core structure designed by SAG, as illustrated in the simplified conceptual 
model shown in Fig. ES.2 shown below.  It focuses on reducing PM emissions at the source 
(dune, riding, and camping areas) through a range of mitigation strategies that are optimized by 
detailed spatial and temporal monitoring of these sites.   The primary goals of the monitoring 
program are  

i) to assist in evaluating the efficacy of mitigation efforts carried out at the site relative to 
background PM contributions, and  

ii) to obtain direct measurements of the  source emissivity and wind-flow field, as required for 
Lagrangian dust dispersion modelling developed by DRI.  

Output from the dispersion modelling provides insight into the relative contributions of the Oceano 
dunes source areas to varied sites of impingement, and using sensitivity analyses, can assist 
project managers in optimizing the dust reduction plan. Fundamental scientific investigations are 
required to further understanding of the source and mechanisms underlying dust production from 
the dune sand, which is considered atypical for coastal beach-dune complexes along the western 
coast of the USA and elsewhere. 
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Based upon a detailed review of the PMRP documentation provided to SAG, we find that the 
overarching approach is consistent with our general vision, as laid out during extensive 
consultations with Parks and MIG. We endorse the DRI model as appropriate for assessing the 
effectiveness of dust mitigation activities, but caution that the model must be informed by a robust 
monitoring campaign to provide new and confirmatory data. We agree that the planting of 
vegetation is the primary mechanism for dust emissions reductions, both directly through planting 
and indirectly through fencing and potentially other types of control measures. However, clear 
metrics need to be established to monitor the effectiveness of these planting campaigns and other 
mitigation measures. We view the construction of a foredune to augment the existing vegetation 
campaigns in the back dune areas as critical to meeting SOA goals. 
 
SAG wishes to emphasize a number of concerns and shortcomings of the PMRP document in its 
present form. Specifically, the PMRP lacks a clear plan and assignment of responsibilities for 
implementation of the dust mitigation interventions. While in principle adaptive management is a 
well-justified approach in working with highly complex natural systems, it can lead to unacceptable 
delays and eventually the discoordination of key sequential tasks, if not addressed in a highly 
efficient and proactive manner. This is evident in a lack of commitment on behalf of Parks to 
contract and coordinate the recommended startup of activities in early spring 2019, during the 
critical windy season.  Further, the PMRP is seriously deficient in targeting robust metrics against 
which to judge the progress of any dust mitigation activities. In particular, the baseline condition 
needs to be re-evaluated. 
 
Among the many detailed recommendations provided in this report to the APCO, SAG strongly 
advises that  

• monitoring campaigns (e.g., PI-SWERL, Met towers, UAS, Lidar) must be deployed 
immediately to establish the baseline conditions.  

• creation of the foredune restoration exclosure and continued back dune vegetation 
campaigns must be undertaken immediately to ensure continued reductions in dust 
emissions and fulfill the timeline of the SOA. The supplement provided to SAG at the last 
moment on February 23, 2019, during finalization of the present report, suggests a fall 
2019 start-up after the peak 2019 riding season. We suggest that such a delay is 
unacceptable under the conditions of the SOA. 

• Parks must set and adhere to a clear and detailed timeline for the implementation of all 
dust mitigation activities, and foremost, it must establish clear lines of responsibility and 
communication for project management.  

• Parks currently appears under-resourced with regard to personnel capable of carrying out 
such duties. SAG strongly recommends the hiring of a contractually limited and highly 
qualified Project Coordinator with strong managerial skills outside of the ODSVRA 
division. This individual needs to be assigned exclusively to prioritizing the mandate of the 
SOA within the context of services provided by Oceano State Park. 
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Based on these concerns the SAG does not accept the Particulate Matter Reduction Plan 
(02-01-2019) in its present form and recommends that the APCO return the document to 
Parks for revision. 
 
The remainder of this document provides (i) a synthesis section which elucidates and provides 
justification for our key endorsements, concerns and recommendations, (ii) the SAG’s 
recommendations for a timeline for each set of tasks (mitigation, monitoring and modelling), and 
finally, iii) a detailed response by highly qualified experts within SAG to specific sections within 
the PMRP.  An Excel spreadsheet with timelines and an evaluation metrics table (GANTT.xls) is 
provided as supplementary material in digital form.  In summation, the present report is aimed at 
providing substantive guidance to Parks for revision of their PMRP, as required for resubmission 
to the APCO.  
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SYNTHESIS OF KEY ENDORSEMENTS, CONCERNS  
AND RECOMENDATIONS 

 
1.1 SAG Endorsements 
 
1.1.1 The DRI model is appropriate for assessing the effectiveness of dust mitigation 
activities, while the model must be informed by a robust monitoring campaign. 
  
The SAG endorses the Desert Research Institute (DRI) dust emission and dispersion model 
(PMRP Sec. 3) as an appropriate and scientifically-informed tool for assessing progress toward 
the emissions reductions goal established in the SOA (p. 9, L13-19). The DRI model is grounded 
in the best-available science (see PMRP Attachment 2), and agreement between model 
predictions and observed dust concentrations at CDF (e.g., PMRP Table 4-3) provides preliminary 
confidence in application of this model. Independent peer-review and further validation testing 
under a wider variety of scenarios will build further confidence in application of the DRI model. In 
line with the adaptive management ethos of the PMRP, the SAG will continue to oversee DRI 
model development and application. 
 
The SAG also insists that application of the DRI model must be accompanied by a robust and 
continuous campaign to monitor evolving meteorology, topography, and dust emissivity at 
ODSVRA. PMRP Sec. 4.3.1 notes that the current model performance evaluation at CDF was 
limited to a single large event in 2013 for which high-quality meteorological data were available. 
The sensitivity analyses presented in PMRP Attachment 2 demonstrate that the DRI model can 
function as a valuable investigational tool for assessing varied mitigation strategies, but that model 
performance depends on the availability of sufficient monitoring data covering ODSVRA. Thus, 
SAG’s endorsement of the DRI model depends on continuous deployment of a dense network of 
meteorological monitoring stations going forward. The SAG further asserts that repeated 
surveying of dune topography and dust emissivity, both before and throughout implementation of 
any dust mitigation activities, will substantially improve the performance of the DRI dust model. 
SAG Recommendation 3a below elaborates on needed monitoring campaigns. Specific 
requirements for measurement campaigns may be modified in the future based on sensitivity 
analyses to further evaluate DRI model performance.  
 
1.1.2 Vegetation should be the primary mechanism for dust emissions reductions, both 
directly through planting and indirectly through fencing. Clear metrics must be established 
to monitor the effectiveness of these vegetation campaigns. 
 



8 
 

For reasons of safety to riders and park personnel, as well as of aesthetics, planting of vegetation 
is viewed the primary method for controlling dust emissions. Although fencing may be used to 
develop topographic complexity within the area to support vegetation, fencing material must be 
removed prior to planting. There are no other strategies for control of dust emissions that are fully 
compatible with the overall mission of the State Park. 
 
Using a process of on-going monitoring and adaptive management, metrics will be set for 
determining the effectiveness of vegetation efforts. There are no current metrics established for 
vegetation already planted within ODSVRA, or elsewhere to our knowledge, to control dust 
emissions in a dune system, so this project will be obliged to develop them. Based on emissions 
monitoring and modeling, it is anticipated that planted sites will function with varying degrees of 
effectiveness. Vegetation site characteristics expressed as metrics, such as plant density, 
vegetation height, and vegetation cover, then can be measured against effectiveness for reducing 
surface emissivity, and target numbers for such metrics established. 
 
1.1.3  Foredune development to augment the existing vegetation campaigns in back dune 
areas is critical to meeting SOA goals. 
 
Onsite PI-SWERL measurements and dust dispersion modelling (see PMRP Figs. 3-1, 4-1) 
indicate that high dust emissions originate in areas shoreward of the existing vegetated dunes. 
For that reason, emissions controls must be implemented in these areas. Using vegetation, the 
development of foredunes is the appropriate strategy. The existence of foredunes elsewhere in 
the dune complex, such as incipient (“embryo”) dunes within the seasonal plover exclosure, and 
in a more developed form to the south of the camping area (toward Oso Flaco) confirms that 
foredune development encompasses the natural development of a vegetation cover and is 
appropriate in this location. Analysis of historical aerial photography by CGS (PMRP Attachment 
4) substantiates that vegetated foredunes were the natural ecosystem state prior to extensive 
human disturbance. The OHMVR Act recognizes restoration as a compliance issue once a land 
parcel has been closed to OHV activity.  
 
Foredunes will be developed using vegetation planted within a newly developed area that 
excludes riders. A limited plant palette characteristic of species common to natural foredunes in 
the region will be used. 
 
 
1.2 SAG Concerns 
 
1.2.1 Parks is on track to meet the early requirements of the SOA, but there appears to 
be a lack of commitment to coordinating a 2019 startup for the Particulate Matter Reduction 
Plan. 
 
Under the direction of the SOA, a Scientific Advisory Group (SAG) was created by July 1, 2018 
(Fig. ES.1) with the mutual agreement of Parks and the APCO, taking into advisement the 
recommendations of the Special Master. The three parties met in an inaugural meeting on July 



9 
 

19, 2018, and then again on October 19, 2019, with the intent of working on the development of 
a 6 month plan. The minutes from the fall meeting (Appendix A) outline a total of nine action items 
identifying the key measures recommended for dust control and monitoring, and provide a listing 
of next steps and meeting dates. The minutes also stipulate that “SAG members should hold on 
any work on the Plan until a contract is in place to allow for their services to be reimbursed.” At 
the time of this report, SAG members are continuing to carry out their mandated work in the 
absence of formal contracts.  
 
In time for the SOA stipulated February 1, 2019 deadline, a “Preliminary Concept” PMRP 
document was distributed to the SAG for review and comment, with the provision that a structured 
plan was under development. This plan seems to be moving ahead based on a chart (PMRP 
Attachment #8 listing proposed operation activities) that was distributed by Parks in an email on 
Friday February 22, 2019, leaving SAG little time to respond before the Monday February 25th 
deadline for submission of the present report to APCD. Unfortunately, timely communication with 
SAG appears not to be a priority with Parks. In the opinion of SAG, the plan outlined in Attachment 
# 8 remains at a relatively early stage of development with a relatively ‘coarse level of detail’.  
 
It should be emphasized that SAG members are not without detailed knowledge of the complex 
logistics and required synchronization of tasks underlying the related monitoring, modelling and 
mitigation activities associated with the PMRP. We have advised Parks on many aspects of these 
activities, and as a group of highly dedicated and accomplished scientists, we are highly invested 
in assisting Parks to the full extent of our abilities. Conscious of the fact that 10 months have 
elapsed since the SOA (Fig. ES.1) and that the 2019 peak wind/dust season is soon approaching, 
the SAG has been strongly encouraging Parks to get a monitoring program in place for late 
spring/summer 2019. With only two months remaining for start-up, no progress has been made 
with regard to either the procurement of instruments, approval of suitable locations for installation 
(e.g. for the SODAR), installation of benchmarks, or the provision of funding (e.g. required for 
shipping equipment, travel, hiring of field workers etc.). The SAG is very concerned that selected 
time sensitive activities associated with the PMRP may be substantially delayed (up to a year) 
unless Parks becomes more proactive. 
 
1.2.1 The PMRP lacks a clear plan and assignment of responsibilities for the 
implementation of dust mitigation interventions.  
  
The SAG is concerned that the lack of clarity detailing specific goals, implementation plans and 
assignment of responsibilities greatly diminishes the possibility that the dust mitigation goals of 
the SOA can be met in a timely manner. Dune restoration activities are gradual and time-
constrained (e.g., planting can only occur during a limited set of months), so that establishing and 
meeting project benchmark deadlines is crucial. Moreover, contracting and implementation plans 
are subject to state and sometimes federal reviews (i.e., PMRP Section 1.3); and as a result, even 
more advanced planning is required. 
 
Though the SAG recognizes that natural processes cause uncertainty with regard to the 
achievement of the SOA dust reduction goals (as described in the PMRP Executive Summary), 
the SAG believes that it is within the capacity of the OHMVR Division to establish a clear plan 
governed by a strict timeline, specific metrics and transparent allocation of responsibilities. Later, 
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as plans are implemented and achievement of project metrics are evaluated, adaptive 
management (i.e., PMRP Section 2.1) can be followed to guide development of SOA-required 
Annual Work Plans, in consultation with the SAG and the APCO. However, such adaptive 
management does not release the OHMVR Division of its responsibility to provide a clear, time-
bound PMRP. Adaptive management requires regular assessment of, and refinements to, 
mitigation efforts within ODSVRA based on new baseline information and progress toward desired 
outcomes as referenced to key performance metrics. Regular assessment and reporting are 
needed to ensure compliance with the PMRP, facilitate modifications to the PMRP, and to 
document progress and related adaptive management decisions. 
 
1.2.2 The PMRP lacks robust metrics against which to judge the progress of dust 
mitigation activities. In particular, the baseline condition needs to be revisited. 
 
The PMRP lacks the level of detail needed to guide the development and implementation of the 
Annual Work Plans.  The PMRP needs to specifically identify the individual tasks/goals that are 
to be undertaken for all aspects of the plan to reduce emissions and PM10 concentrations and - 
very importantly - the specific metrics that will be used to evaluate the success or failure of each. 
 
Due to the dynamic complexity of processes generating windblown PM10 emissions from sand-
dominated areas at the ODSVRA, success in reducing emissions and improving downwind air 
quality will not be achieved until a much more thorough understanding of the underlying physics 
is gained.  Enough is known about basic windblown PM10 control approaches to continue and 
expand upon current efforts to mitigate emissions. Both of these endeavors are critically 
dependent on the thorough documentation of relevant indices and factors.  Finally, success in 
satisfying the mandates of the Stipulated Order of Abatement as expeditiously as practicable will 
depend on adherence to a detailed schedule of activities that is best tracked by the use of 
progress metrics.  A list of these progress metrics appears in the Appendix of this report. 
 
 
1.3 SAG Recommendations 
 
1.3.1. Monitoring campaigns (e.g., PI-SWERL, Meteorological towers, UAS, Lidar) must be 
deployed immediately to establish baseline conditions. 
 
The SAG recommends immediate and ongoing deployment of monitoring campaigns at ODSVRA 
to establish baseline conditions, to track progress toward meeting SOA dust reduction targets, 
and to inform DRI model predictions (see Endorsement 1a above). Specifically, the SAG 
recommends measurements to monitor (i) meteorological conditions across the ODSVRA, (ii) 
dune topography, and (iii) dust erodibility/emissivity: 
 
i)  Meteorological conditions. A network of meteorological stations comparable to the Temporary 
Baseline Monitoring Network installed across ODSVRA in May-July 2013 (see PMRP Attachment 
3) should be deployed to collect continuous measurements throughout the period of the SOA.  
Such a network should include instrumentation to measure: wind speed, wind direction, 
temperature, relative humidity, and barometric pressure on meteorological towers. MetOne 
Aerosol Particle Profilers positioned at 2 m above ground level should also be included to provide 
data on particulate matter mass concentrations and Sensit piezoelectric saltation sensors at near 
ground level (~0.15 m) to characterize threshold wind speed for sand movement. In addition, a 
SODAR station (see PMRP Sec. 7.4), ideally co-located with a 10-meter meteorological station, 
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should be installed at a position downwind of the ODSVRA to best facilitate characterization of 
the boundary-layer and upper air flow characteristics after the onshore wind-flow has adjusted to 
the topography of the dunes. 
 
ii)  Dune topography. Airborne LIDAR (Light Detection and Ranging) should be flown annually to 
create high-quality digital elevation models (DEMs) of the entire Oceano Dunes complex. This is 
required to monitor topographic changes in dune areas that are modified by dust control activities, 
as well as areas that are open to riding, and within the Preserve areas. These data will allow for 
the establishment of a topographic boundary condition for the DRI dispersion model. In addition, 
semi-annual unmanned aircraft system (UAS) photogrammetry surveys should be performed at 
the proposed foredune restoration site to monitor restoration progress (plant coverage change) 
(see PMRP Sec. 7.5) and to aid in determining sediment budgets (elevation change). Ground 
control point targets should also be installed for the duration of the UAS monitoring campaign 
(see PMRP Attachment 7). 
 
iii)  Dust erodibility/emissivity. PI-SWERL measurements should be collected annually across the 
ODVSRA to provide gridded erodibility and dust emissivity data to inform the DRI model and to 
track the effectiveness of dust mitigation activities. The SAG supports the PRMP (Sec. 7.1) 
proposal for a PI-SWERL campaign in spring 2019 and further recommends that such campaigns 
be repeated annually throughout the SOA period. In addition, all PI-SWERL measurements 
should be accompanied by the collection and analysis of surface sediment grab samples to 
establish relationships between saltation thresholds and sand particle size distributions (PSDs) 
and to better understand relationships between sediment characteristics and dust source 
erodibility/emissivity. 
 
Further sensitivity analyses should also be conducted to reveal how DRI model performance is 
affected by the quality of assimilated model datasets (see Endorsement 1a above). For example, 
PMRP Attachment 3 suggests that 3-meter meteorological data are statistically representative of 
10-meter measurements; further model sensitivity analyses could reveal whether 3-meter 
meteorological towers may reasonably be used instead of more costly 10-meter towers. 
 
1.3.2 Creation of the foredune restoration exclosure and continued back dune vegetation 
campaigns must be undertaken immediately to ensure continued reductions in dust 
emissions and fulfill the timeline of the SOA. 
 
As vegetation takes time to develop, and cost considerations dictate planting strategies that utilize 
relatively small plants installed at a density that would be found in a mature dune system of either 
foredunes or back dunes, vegetation campaigns must be initiated as soon as possible. Within the 
timeframe of the SOA, it is reasonable to anticipate that plants installed from small containers and 
distributed rather widely will grow and expand sufficiently to produce the desired effects for the 
control of dust emissions. This includes the restoration of an early stage of foredune development 
that would provide new naturalized habitat, increased natural aesthetics, as well as appreciable 
reductions in dust emissions.. 
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In back dune settings, immediate control can be realized with the current straw blanket planting 
method. Based on observations the straw when spread out can last for two or more years. 
Planting into the straw continues to reduce sediment transport while the same time enhances 
plant development by affording the plants a level of protection. By the time the straw protection is 
no longer functional, the plants themselves must have grown to a height and cover sufficient to 
control dust emissions. In the case of the foredunes, where the straw blanket approach is not 
recommended, plant establishment and expansion must take place in conjunction with natural 
sand transport and deposition processes to allow for sand accumulation in mounds within the 
vegetation (nebkha dunes). This phase of development is key for foredune re-establishment and 
for creating sufficient surface roughness to reduce dust emissions from the beach areas. 
 
1.3.3  Parks must set a clear timeline for implementation of dust mitigation activities, and 
it must establish clear lines of responsibility and communication for project management.  
 
Evaluation and recommendations provided in Section 3. 
 
While the Public Works Plan that ODVSRA is developing for the Park is not under the purview of 
SAG, we believe it is critically important that ODVSRA coordinate the two planning processes so 
that the actions called for in a revised and approved PMRP fit within a Park design that continues 
to provide a full range of recreational including camping and riding. 
 
1.3.4 Although the Scientific Advisory Group accepts the overall direction of the PMRP, 
SAG cannot accept the document in its present form until a detailed, well-structured plan 
with suitable timelines and evaluation metrics is provided. The present report includes a 
set of recommendations and a preliminary set of GANTT charts (GANTT.xls) that should 
guide this effort. 
 
As presented to SAG the PMRP does not constitute a plan, as required in Section 2 (line 7, p. 9, 
through line 2, p. 11) of the Stipulated Order of Abatement (SOA).  The SAG strongly urges the 
San Luis Obispo County Air Pollution Control Officer (APCO) to return the PMRP to Respondent 
with an itemization of specific deficiencies that include, but are not limited to, those identified in 
this SAG Report.  Without extensive edits, the PMRP satisfies neither the letter nor intent of the 
SOA. 
 
Section 2.g (lines 10 -13, p. 10) of the SOA requires the PMRP to achieve state and federal PM10 
air quality standards as expeditiously as practicable.  To do so, the PMRP must include 
quantifiable increments of progress and a schedule for achievement.  The SAG has proposed 
such increments and schedules as examples for inclusion in the PMRP.  The inclusion of a robust 
baseline of data and set of targets against which to judge progress is extremely important to the 
success of the PMRP. 
 
The PMRP lacks the level of detail needed to guide the development and implementation of the 
Annual Work Plans.  The PRMP needs to specifically identify the individual tasks and goals that 
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are to be undertaken for all aspects of the plan to reduce emissions and PM10 concentrations and, 
very importantly, the specific metrics that will be used to evaluate the success or failure of each. 
 
Participation of the SAG in the tracking of emission reduction progress and the crafting of 
recommendations to enhance the rate of progress cannot occur without the full support of the 
California Department of Parks and Recreation (Parks) in recording and reporting data responsive 
to the full set of metrics proposed by the SAG.  It is imperative to the success of the PMRP that 
the metrics proposed by the SAG be fully quantified in the PMRP and in the Annual Work Reports 
and Plans. 
 
The SAG also recommends that the APCO evaluate other sources of PM10 that may be impacting 
the monitoring stations and residential areas downwind of the ODSVRA.  While the quantification 
of emissions from non-ODSVRA sources lies beyond the scope of the PMRP or the SAG’s 
purview, the impacts of emissions from these sources warrant analysis in order to enhance the 
success of the PMRP in the attainment of state and federal PM10 air quality standards in downwind 
areas. 
 
The expert scientific opinion of the SAG is that Parks has neither the expertise nor the resources 
to manage the implementation of the PMRP or subsequent Annual Work Plans. The SAG 
recommends that Parks create a position of an onsite PMRP Project Manager reporting directly 
to Parks’ Deputy Director of the Off-Highway Motor Vehicle Recreation Division.  The PMRP 
Project Manager should possess strong organizational and communication skills, expertise in 
project and contract administration, and be knowledgeable of air quality statutes, regulatory 
programs, and science.  The SAG believes that the present agency culture within Parks is not 
conducive to the expeditious implementation of the PMRP, and therefore recommends that the 
individual appointed to this position not originate from the ranks of agency HVR staff.  
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SAG RESPONSES BY PMRP SECTION 
 
Below, the SAG provides responses to individual sections of the PMRP. The high-level section 
numbering of the SAG responses below (i.e., 1, 2, 3, …) corresponds to the numbering of 
individual sections of the PMRP. However, unless otherwise noted, numbering of subsections 
below (i.e., 3.1, 3.2, …) does not necessarily follow the numbering of individual PMRP 
subsections. 
 
 
2.0 SAG Response to PMRP Executive Summary and Introduction  

(PRMP Section 1) 
   
The SAG feels that the PMRP Executive Summary and Introduction set an overly narrow scope 
of activities compared to what is required by SOA Section 2. SOA p. 9 (line 11) states that “The 
Plan shall be designed to achieve state and federal PM10 air quality standards,” whereas the 
PMRP Executive Summary p. S-2 states that the PMRP “does not constitute the discrete action 
plan for dust control at Oceano Dunes SVRA,” in contradiction to this SOA requirement. 
Furthermore, the PMRP Executive Summary claims uncertainty over whether implementation of 
a proposed (“hypothetical”) 500 acres of dust control would be adequate to achieve all three air 
quality objectives set forth by the SOA. Though dust reduction actions are necessarily subject to 
administrative and natural uncertainty, the SAG feels that a PMRP must commit to a plan with a 
reasonable chance of achieving the requirements of the SOA, and that the current PMRP does 
not do so. As the trajectory of existing back dune planting programs appears to be insufficient to 
achieve SOA objectives, additional actions must be considered. SOA Section 2.e specifically 
directs the PMRP to include analyses of possible mitigation measures, but the current PMRP 
does not provide such analyses in its discussion of alternative control measures (i.e., PMRP Secs. 
6 and 7). 
  
The SAG recommends that the PMRP Executive Summary be revised to more clearly set forth a 
plan, with a detailed timeline and benchmarks, that clearly demonstrates fulfillment of the 
requirements of the SOA. The SAG further recommends that roles and responsibilities of all 
PMRP stakeholders be more clearly established in PMRP Section 1.3 on plan implementation. 
  
Further specific comments are provided below: 

● Executive Summary (p. S-1): The third bullet under the list of “purposes of the PMRP” 
should be rephrased to say “…modeled and observed baseline conditions…”, to be 
consistent with the wording in PMRP Section 4 (see p. 4-1). Note that the baseline for the 
PMRP is not only the model but also observations, such as sand transport fluxes, 
visitorship trends, and terrain DEMs describing geomorphology. 

● Figure 1-1: This figure (and others) should consistently show all wind and PM10 monitoring 
locations, including the one at Oso Flaco. 

● Section 1.4: The affiliation for Raleigh Martin should be listed as “AAAS Science & 
Technology Policy Fellow” (not “Geosciences Directorate, National Science Foundation”).  
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3.0 SAG Response to PMRP Objectives and Implementation 

(PMRP Section 2) 
 
The document provided to SAG on February 1, 2019 contained little specific information 
concerning implementation of the dust reduction plan in terms of either timing, targets or 
evaluation metrics, or the agencies or individuals anticipated to undertake such tasks (details of 
the project management). PMRP Attachment #8 (listing proposed operation activities), which was 
distributed by Parks in an email on Friday February 22, 2019, remains thin on such details while 
SAG has been provided with an inadequate amount of time to give the submission full 
consideration.  
 
In response, SAG has prepared a project management Excel workbook (GANTT.xls, 
Supplementary Materials to the present report) that is intended to provide guidance to Parks in 
further refinement of the coarse level of detail provided in the PMRP Attachment #8. Consistent 
with the conceptual model provided in Fig. ES.2, three spreadsheets and associated GANTT 
charts offer suggested timelines for Mitigation (Fig. 3.1 A), Monitoring (Fig. 3.1 B) and Modelling 
(Fig 3.1 C) tasks required for dust reduction within Oceano State Park during the first year of the 
plan.  
 
A compilation of project Evaluation Metrics is also provided in the workbook. Table B.1 in 
Appendix B to this report is a distillation of “performance” metrics that directly assess the 
implementation of dust mitigation activities. Table B.2 provides “outcome” metrics to assess 
outcomes in terms of reductions in dust concentrations and emissivity. These outcome metrics 
are subject both to implementation of dust mitigation activities and to the uncertainty of natural 
conditions. Empty boxes in the evaluation metrics tables require further consideration by the 
OHMVR Division in consultation with the SAG and SLOAPCD. 
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C) 
 

 
 

Figure 3.1 Recommended timelines for (A) Mitigation, (B) Monitoring (C) Instrumentation 
Installation and (C) Modelling activities for year 1. 
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4.0 SAG Response to PMRP Modeling Methodology  
(PMRP Section 3) 

 
The SAG agrees that the DRI dispersion model is a useful and appropriate tool for tracking 
progress toward dust emissions reductions targets set by the SOA. SAG’s position on the DRI 
dispersion model is summarized in Executive Summary Endorsement 1a. According to SOA 
provision 2.c, dust emissions modeling “shall be carried out by the California Air Resources Board 
(CARB), or by other modeling groups subject to the review of the Scientific Advisory Group 
(SAG).” The SAG hereby provides its formal endorsement for dust emissions and dispersion 
modeling by DRI, subject to appropriate assimilation of observations and sensitivity testing, as 
described below. 
 
4.1 Assimilation of Observational Data into the DRI Dispersion Model 
 
The DRI dispersion model includes three coupled components: the California Meteorological 
Model (CALMET) for meteorological inputs, an empirical dust emissivity map for dust emissions 
responses, and a Lagrangian Stochastic Particle Dispersion Model (LSPDM) for transport of the 
emitted dust to downwind receptor locations. Each of these model components requires 
assimilation of observational data as a prerequisite for accurately predicting dust emission fluxes 
and PM10 concentrations (see PMRP Section 3.2). Until now, the full suite of required 
observational data have only been collected during the period of May-July 2013. In order for the 
DRI dispersion model to serve as a useful tool for assessing the effectiveness of future dust 
mitigation activities at ODSVRA, the SAG recommends that a monitoring campaign to provide 
ongoing collection of observational data on meteorology, topography, dust emissivity, and PM10 
mass concentrations be established immediately. The required monitoring components are 
summarized in Executive Summary Recommendation 3a. Further details are provided there, with 
respect to the three components of the DRI dispersion model (i.e., meteorological inputs, 
emissions sources, and dust dispersion). 
 
4.1.1 Assimilation for Meteorological Inputs 
 
In addition to data products provided by external sources (i.e., NOAA upwind surface buoy data 
and NARR upper air soundings), a temporary network of 13 instrumented meteorological towers 
spread across the ODSVRA were deployed during the period of May-July 2013 to collect hourly 
meteorological observations to inform the CALMET component of the DRI dispersion model (see 
PMRP Attachment 3). The SAG recommends immediate redeployment and ongoing operation of 
a comparable network of these instrumented meteorological towers, to inform future DRI 
dispersion modeling scenarios. Such meteorological towers should include instrumentation to 
measure wind speed, wind direction, temperature, relative humidity, and barometric pressure. 
The meteorological towers can also be used to collect additional dust emission and sand transport 
data as described in SAG response Subsection 3.1.2 below. 
 
The CALMET model component also depends on a high-resolution topographic map and 
accompanying land-use categorization, across which the surface wind field is modeled. Currently, 
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the topography input into CALMET is a static high-resolution digital elevation model (DEM) 
provided by the California Geological Survey (CGS). (We note that the PMRP does not specify a 
date of collection of the DEM from CGS.) The land-use input into CALMET appears to be based 
on a CGS aerial survey performed in 2010 (see PMRP Attachment 5). Because dune field 
topography and vegetation cover evolve dynamically through time, the SAG recommends that 
airborne LIDAR surveys covering the full spatial domain of the DRI dispersion model (i.e., 
ODSVRA and environs) be performed annually for assimilation into future DRI dispersion model 
runs. Such LIDAR surveys can also be used to update vegetation / land-use maps. 
 
4.1.2 Assimilation for Emissions Sources 
 
The DRI dispersion model depends on a dust emissivity map derived from PI-SWERL 
measurements collected in 2013 across a spatial grid covering both riding and non-riding areas 
of the ODSVRA (see PMRP Fig. 4-1). The PI-SWERL provides point measurements of dust 
emissivity and saltation threshold. Because the PI-SWERL map is coarser than the DRI 
dispersion model grid, a linear interpolation scheme is used to assign emissivity values to each 
model grid cell (see PMRP Attachment 2). 
 
The SAG generally supports use of PI-SWERL measurements to construct dust emissivity maps 
in the DRI dispersion model, and it further supports the PMRP recommendation (PMRP Section 
7.1) to conduct additional PI-SWERL campaigns in the future to update input emissivity maps. In 
particular, the SAG recommends that future PI-SWERL campaigns be performed annually across 
a spatial grid similar to the one followed in 2013. In addition, SAG recommends that each PI-
SWERL testing location be accompanied by collection of contextual data (such as relative 
humidity, temperature, microtopography, and particle-size distributions derived from surface sand 
grab samples) to better inform the connection between sand surface characteristics and dust 
emissivity. 
 
One drawback of PI-SWERL measurements is that they do not account for the integrated effect 
of spatially heterogeneous surfaces, such as sparsely vegetated dunes, on dust emissivity. The 
DRI dispersion model interpolation schemes (see PMRP p. 3-5) likely does not account for such 
fine-scale variability. Instead, alternative observations may more accurately capture aggregate 
effects of heterogeneous surfaces on dust emissivity. For example, the 2013 temporary 
meteorological towers included MetOne Aerosol Particle Profilers positioned at 2 m above ground 
level to provide data on particulate matter mass concentrations and Sensit piezoelectric saltation 
sensors at near ground level (~0.15 m) to characterize sand fluxes and threshold wind speeds for 
sand movement. Because observed dust concentrations and sand fluxes offer an integrated 
measure of upwind dust emissivity and dust-emitting sand saltation intensity, such measurements 
provide a useful complement to the more localized PI-SWERL measurements. For this reason, 
the SAG recommends that such dust concentration and saltation observations be collected at all 
future meteorological tower deployment sites. 
 
Emissivity maps for future DRI dispersion modeling scenarios also depend on estimation of 
“control effectiveness” (i.e., the rate of reduction of dust emissivity compared to background bare 
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sand conditions) for vegetation planting and other dust mitigation interventions. Currently, the DRI 
dispersion model assumes a 100% dust control effectiveness for all vegetated areas (see PMRP 
Section 5.3). In support of this choice, independent studies indicate that vegetation control 
effectiveness is typically above 90% (see PMRP Section 6.1.1). The SAG recommends that 
further studies be conducted to more accurately assess fractional emissions reductions 
associated with back dune planting, foredune restoration, and other dust control schemes. Such 
studies could include both localized deployments of Sensits and saltation traps and geomorphic 
change detection through repeat UAS surveys. These studies should consider not only the direct 
effect of mitigation schemes on vegetated areas, but also the emissivity response of downwind 
locations in the shadow of restored areas due to modifications to boundary layer airflows. Ideas 
for such studies are further described in SAG response Section 7 below. 
 
4.1.3 Assimilation for Dust Dispersion 
 
The transport of emitted dust from the dune surface to downwind dust monitoring locations is 
treated through the LSPDM component of the DRI dispersion model. As described in PMRP 
Section 7.4, SODAR can be used to collect upper air meteorological data to improve the accuracy 
of these dust dispersion predictions. The SAG supports such deployment of the SODAR at a 
location downwind of the dune field. Ideas for SODAR deployments are further described in the 
SAG response Section 8. 
 
 
4.2 DRI Dispersion Model Sensitivity and Validation Testing 
 
The SAG recommends that initial observational monitoring to inform the DRI dispersion model 
should roughly follow the example of the data collection campaign performed in 2013. However, 
we currently have limited understanding of the sensitivity of the DRI dispersion model to 
assimilated observational data inputs, and PMRP Attachment 2 suggests that the DRI dispersion 
model is highly sensitive to inclusion of assimilated wind fields. 
 
Thus, the SAG recommends that further sensitivity studies of the kind described in PMRP 
Attachment 2 be performed to further refine our understanding of observational data requirements 
for the DRI dispersion model. After initial sensitivity studies have been performed, the SAG 
suggests that the specific components of observational monitoring campaigns be reassessed. 
Such analyses could indicate the need for additional measurements, but they could also justify 
the cost-saving removal of redundant observational components. For example, further sensitivity 
studies may demonstrate that 3-meter meteorological towers (rather than full 10-meter towers) 
may provide sufficient observational data for assimilation into the DRI dispersion model (this is 
suggested by the analysis in PMRP Attachment 3. 
 
The SAG notes that the DRI dispersion model will never provide a perfect representation of the 
Oceano dunes dust emission dynamics. Nonetheless, additional validation studies could help to 
improve confidence in use of the model. As new data are collected for assimilation into future DRI 
dispersion model runs, measured PM10 concentrations at the CDF, Mesa2, and Oso Flaco 
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monitoring stations should regularly be compared to model-predicted PM10 concentrations. Such 
comparisons could help to build confidence or to reveal flaws in the performance of the DRI 
dispersion model. 
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5.0 SAG Response to Analysis of 2013 Baseline Conditions  
(PMRP Section 4) 

 
Section 4 of the PMRP (“2013 Baseline Conditions”) raises several questions regarding the 
definition of success with respect to the attainment of goals memorialized in the SOA. One of 
these questions is directed to the definition of the baseline period against which changes in dust 
emissions and air quality are to be measured. 
 
Condition 2.c of the SOA defines the baseline period as May 1, 2013 through August 1, 2013. 
This baseline was chosen as it represents the duration of the most intense dust emission and 
meteorological data collection effort undertaken at the ODSVRA. Coincidentally, the highest 24-
hour average PM10 concentration ever recorded at the California Department of Forestry and Fire 
Protection (CDF) monitoring site downwind of the ODSVRA was observed during this campaign 
on May 22, 2013. This date was not the day estimated to have generated the highest vehicle 
riding area dust emissions, however, nor was it the day that dust emissions from the riding area 
contributed the highest fraction to 24-hour PM10 averages recorded at the CDF monitor. As a 
result, the PMRP evaluates each of these metrics and concludes (1) that May 22, 2013 should be 
selected as the design day against which dust emissions and air quality reductions are to be 
measured, and (2) that consideration on the suitability and use of a single day to achieve emission 
and air quality improvements may warrant careful consideration. 
 
The SAG especially took note of the very small frequency with which wind speeds observed on 
May 22, 2013, occurred (0.5%) within a 10-year date record bracketing this peak PM10 
concentration date. The SAG is interested in diving into this question further, but did not have 
time during this limited response period. As a result, the SAG recommends that further study of 
an appropriate baseline period be conducted and reported in each Annual Report for several 
reasons: 

• The relationships between PM10 emissions and average 24-hour downwind 
concentrations are not linear, given the differential effects on downwind air quality of 
controls on different portions of open sand areas, and changes in these relationships 
need to be evaluated in light of each year’s mitigation progress; 

• The form of the state ambient air quality standard for PM10 is no exceedances of a 50 
µg/m3 24-hour average concentration, averaged over a minimum of 18 hours of data per 
midnight-to-midnight period over a calendar year, which is equivalent to an exceedance 
frequency of up to 0.2% (= 18 hr/8760 hr); and 

• The lack of extensive data collected during any other monitoring campaign against which 
to compare the 2013 database makes selection of this period as the baseline for emission 
reduction somewhat questionable.  
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6.0 SAG Response to PMRP Preliminary Compliance Analysis  
(PMRP Section 5) 

 
Section 5 of the PMRP (“PMRP Preliminary Compliance Analysis”) provides an accounting of the 
dust control measures implemented within the ODSVRA and the modeled effectiveness of these 
controls in reducing the mass emissions of PM10 originating within the ODSVRA. As well, the 
potential effects of these control measures in reducing the mass concentration of PM10, measured 
at the CDF receptor site, prior to the issuance of the SOA, are shown. These results can be used 
to estimate of the approximate sizes of additional dust control areas that may be needed to meet 
the SOA’s air quality objectives. PMRP Sections 5.1 through 5.2 reveal that the control measures 
implemented prior to the SOA were sufficient to reduce emissions within the ODSVRA that would 
likely result in the meeting of the Federal 24-hour PM10 ambient air quality standard. The analyses 
in these sections of the PMRP indicate that the combined control areas designated as Pre-SOA 
and Initial SOA were of a sufficient scale to reduce mass emissions within the ODSVRA by on 
average 10% (based on the 10 highest modeled emission days), well short of the 50% reduction 
set by the SOA. Unfortunately, the 10% reduction would not make significant progress in 
achieving the State Air Quality 24-hour standard for PM10. 
 
The analyses in 5.3 of the PMRP (Preliminary Sensitivity Analysis) attempts to estimate how much 
additional control measures, in terms of size and placement within the ODSVRA, are potentially 
needed to attain SOA air quality objectives for both the Federal and State 24-hour mean PM10 
standards. The modeling suggests that bringing a total of 501 acres under control with 100% 
effectiveness, approaches the SOA target of 50% mass emission reduction, which should achieve 
the Federal PM10 standard, but not the State standard as measured at the CDF receptor site. 
More design considerations into the sizes and locations of areas to be brought under control must 
be made to more clearly define an effective path forward for achieving the SOA air quality goals. 
 
At present Section 5 of the PMRP presents a very generalized plan whereas specifics and 
performance metrics are needed to provide confidence that progress will be made at a sufficient 
pace to meet the SOA objectives. Suggested timelines and performance metrics are provided in 
SAG response Section 3. 
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7.0 SAG Response to Potential PMRP Control Measures  
(PMRP Section 6) 

 
This section responds to the potential control measures described in Section 6 of the PMRP, and 
it is subdivided into four parts: Foredunes, back dune planting, plant propagation and planting 
logistics, irrigation, and metrics for assessing changes in emissions resulting from planting. 
 
7.1 Foredunes 
 
7.1.1 Overall Strategy 
 
A distinctive strategy needs to be developed for foredune restoration. Foredunes are present in 
the ODSVRA, but they are either incipient (as in the seasonal plover exclosure) or very mature 
with a morphology that is controlled by invasive marram grass (Ammophila sp), as at the north 
end of the riding area. More natural foredunes characteristic of this region exist further south 
toward Oso Flaco (Fig. 7.1). Restoration of a natural foredune ecosystem is recommended as a 
critical measure for reducing dust emissions from highly emissive surfaces within ODSVRA. 
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Figure 7.1: Natural mature foredune morphology (yellow box) characteristic of the ODSVRA 
region as found just north of Oso Flaco Lake. Note the open, hummocky morphology and 
clustered vegetation distribution with oblique landward blowout corridors (aligned WNW-ESE). 
Also note the fenced exclosure that has protected these dunes from riding activity and the lack 
of foredunes in the riding area immediately north. These dunes reach over 10m in height, 
extend ~500-1000’ landward of the mean higher high water (MHHW) mark, and offer significant 
aerodynamic roughness that inhibits dust emissions, despite apparent bare sand surface areas 
remaining within. Source: Google Earth 2019 imagery. 
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The area proposed by SAG for foredune restoration is identified to have high emissions as 
identified by PI-SWERL testing and dust emissivity modelling. The area is currently used for 
camping and, as such, is devoid of vegetation or dune forms of any type (Fig. 7.2). The proposed 
restoration area is located immediately north of the existing seasonal plover exclosure, wherein 
incipient foredunes have formed (Fig. 7.3).  
 
Three potential approaches have been advanced for foredune development, including: 

1. Mechanical movement of sand to create a continuous artificial mound that could serve as 
a proto-foredune, as mentioned in the PMRP report. In the opinion of the SAG, this is not 
a viable option for the following reasons: 

a. Dunes established in this way could be prone to failure as they were not formed  
by natural aeolian and vegetation processes.  

b. Foredunes in the region are not ‘continuous’; rather, they develop a hummocky 
form with sand transport corridors to allow sand flux from the beach to bypass the 
foredune and maintain dune dynamics landward. A continuous artificial mound 
would not be in equilibrium with natural wind, sand transport, and ecological 
regimes and could shift form rapidly by releasing significant amounts of sand. In 
turn, this could result in enhanced sand transport and increased dust emissions 
immediately downwind of the mound as the system comes into balance with 
natural regimes.  

2. Installation of an exclosure similar to that of the plover zone and with minimal intervention. 
Existing wrack would remain, but no plant installation would take place. Plants would re-
establish naturally, as observed in the existing plover exclosure (Fig. 7.3). Although 
feasible, as exemplified in the developing dunes within the plover exclosure, this option 
would take longer for foredune re-development and, thus, would be much less effective in 
reducing dust emissions. Effectiveness of this approach would be further reduced if 
fencing were removed seasonally, as with the plover exclosure, due to increased seasonal 
ridership activity. There are also appreciable costs associated with installing, maintaining, 
and removing fencing associated with this option. 

3. Installation of strategically placed clusters of vegetation to stimulate/restore a hummocky 
open (not continuous) foredune ecosystem within a permanently fenced exclosure. The 
resulting dune morphology, vegetation assemblage, and aerodynamic roughness 
characteristics would be analogous to sites further south such as near Oso Flaco Lake 
(Fig. 7.3a). Although fencing would be required, it would be a one-time installation, not to 
be placed and removed each year. Fence maintenance would be required. 

 
Based on existing and historical observations of dune development in the region, it is the opinion 
of the SAG that option 3 is most favorable, as it could most effectively stimulate dune development 
toward a natural state and in the least amount of time. The natural foredunes at the Oso Flaco 
Lake (Fig. 7.1) and the extent of the existing plover exclosure were used to define the extent of 
the proposed foredune restoration area (Fig. 7.2). The Oso Flaco reference site and historical 
photos (PMRP Attachment 4) indicate that natural foredunes would normally extend from just 
above the high water line (near the mile markers) to approximately the landward limit shown in 
Fig. 7.2 (landward of the CXT facilities). The proposed restoration zone, including the landward 
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transportation corridors, is 555 feet deep (landward), 3855 feet wide (shorewise), and covers an 
area of approximately 48 acres. It is the opinion of the SAG that a restoration area that is smaller, 
or further landward than this would not allow for the effective development of a naturally-
functioning foredune ecosystem akin to that of the nearby reference site. 
 
This dune restoration strategy must also consider the effects of implementation on both dust 
emissions and on the ecology of the Oceano Dune system. The installation of new exclusion 
zones alone is possible (option 2), but it would take longer to develop the dunes, as the dune 
formation would rely on “volunteer” plants to establish in the area. Using the existing plover 
exclusion area as an analogy, if this were maintained rider-free throughout the entire year, instead 
of during the 7-month nesting period, the already developing vegetation would be protected. 
Additional vegetation could be added outside of the nesting season to further stimulate dune 
development and dust emission reductions. This action could also provide year-round refuge for 
bird species, as well as protection for the developing dunes.  
 
The western snowy plover breeds on beaches above the high-water line on dune-backed 
beaches, sand spits, sparsely-vegetated dunes, beaches at river mouths, and salt pans near 
lagoons and estuaries (U.S. Fish and Wildlife Service 2001). It is possible that foredune 
restoration and evolution may eventually result in a landscape this is not preferred by some 
protected bird species. Assessing this potential outcome requires continued monitoring and 
analysis of existing plover and least tern counts with specific attention to their nesting locations 
(e.g., in sparsely vegetated hummocky dune terrain as at Oso Flaco and/or on open, flat sandy 
beach terrain). The SAG also notes that the existing plover habitat situation in ODSVRA is 
somewhat artificial as destruction of the native foredune ecosystems has inadvertently created 
new habitat for these species that would not exist naturally. At this time, the SAG does not 
recommend foredune restoration within the plover exclosure, but notes that natural foredune 
recovery is currently occurring within this zone and that this could have additional dust mitigation 
effects. Any consideration of foredune restoration within the existing snowy plover exclosure will 
require further review by California Parks and the U.S. Fish and Wildlife Service. 
 
To meet the requirements of the SOA to reduce dust emissions from highly emissive surfaces, 
the SAG recommends a new area to be exclosed permanently for the benefit of foredune 
restoration. This area is located immediately north of the existing seasonal plover exclosure as 
shown in Fig. 7.2. 
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Figure 7.2: Location of proposed foredune restoration at ODSVRA. The restoration site consists 
of 3 grey polygons (North, Central, South) separated by transportation corridors that connect the 
beach transit corridor to CXT washroom facilities (letters) and landward riding areas. The 
landward extent of the restoration polygons matches that of the plover exclosure and is similar 
to the footprint of natural foredunes south of the riding area. Immediately south of the site is the 
existing seasonal plover exclosure. Areas and perimeters for the polygons are shown in the 
inset table. The purple dashed polygon represents the area of mitigation used in the dust 
emissions scenarios simulated for the PMRP by DRI. 
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Figure 7.3: Natural dune forms developing in the southern region of ODSVRA near mile marker 
7 north of Oso Flaco Lake. a) a late stage, fully developed, hummocky foredune, looking 
seaward from a transport corridor landward of the exclosure. This portion of foredune has been 
protected for approximately 40 years (Ronnie Glick ODSVRA, pers. comm). b) a low, incipient 
dune hummock (nebkha dune) developing naturally within the seasonal plover exclosure. c) a 
nebkha dune field located in the southern portion of the seasonal plover exclosure showing 
multiple clusters of dune hummocks with intervening sand transport corridors. This region 
represents are more advanced stage of foredune development and presents notably more 
aerodynamic roughness than bare sand surfaces. Photo credits: Ian Walker, ASU.  

 
 

a) b) 

c) 
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There are some rider-management options that the implementation of foredune restoration 
suggests. From a dust emissions standpoint, it is potentially advantageous to move the major 
riding corridor known as the “sand highway” to a location immediately downwind (within the 
sheltered wake region) of the foredunes. The hummocky nature of this area has made it less 
popular with riders than the smoother areas inland on the larger transgressive dunes, but the idea 
should be considered. There is also potential for the creation of alternative camping areas in the 
lee of the foredune restoration zone that could offer a more natural, sheltered setting than that of 
the exposed beach. This could help offset a certain amount of displaced camping space from the 
restoration zone and offer a greater diversity of camping options for visitors. This alternative could 
receive more serious consideration if there are dust monitoring data that suggest that substantial 
improvements in air quality could be realized by moving camping to alternative locations. 
 
7.1.2 Schedule 
 
The foredune restoration should be initiated as soon as possible. The restoration site should be 
described as the largest area that could conceivably be used, although a smaller area could be 
developed in practice. The proposed area, shown in Fig. 7.2, is approximately 53 acres in area 
and includes 3 unvegetated corridors to allow for movement between the shoreline and the interior 
riding area. The actual size and location of the foredune area, however, should be assessed with 
further air quality modeling. 
 
If planting is to begin in the late fall to early winter of 2019 (November—December), then seed 
collection should begin in spring of 2019, with propagation initiated in late spring to early fall (May 
– October), with the exact time depending on the species and on the amount of time that material 
can be held between readiness to plant and when the plant can no longer be used.  
 
7.1.3 Plant Palette 
 
A full matrix of plant species requirements should be developed that could take the form of Table 
6.1, which is offered as a template: 
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Table 7.1. Plant species for foredunes and template for managing planting campaigns. 
Species 
(Latin 
name) 

Species 
(common 
name) 

Number 
seeds 

Weight 
seeds 

Collection 
areas 

Time 
(seeding 
to 
install-
ation) 

Time 
can 
be 
held 

Notes 

Abronia 
latifolia 

Yellow 
sand 
verbena 

      

Abronia 
maritima 

Red sand 
verbena 

      

Abronia 
umbellata 

Pink san 
verbena 

      

Ambrosia 
chamissonis 

Beach-bur       

Atriplex 
leucophylla 

Beach 
saltbush 

      

Cakile 
maritima 

Searocket      Non-
native; 
naturalized 

Cirsium 
rhothophilum 

Surf thistle      CA rank 
1B.2 
threatened 
species; 
limited 
distribution 

Elymus 
mollis 

American 
dunegrass 

      

Malacothix 
incana 

Dunedelion      Un-
common 

 
The SAG notes that the sea rocket is not a native species, but it has been thoroughly naturalized 
in this area, and performs a valuable ecological role in the establishment of incipient dunes. It is 
very common in foredunes of the Central Coast, and is not considered to be either invasive or a 
threat to any local habitats. It is the opinion of the SAG, reinforced by the opinion of the Parks 
revegetation expert, that this species should be used in the foredunes. The California Invasive 
Plant council rating is: Limited. In addition, the SAG notes that American dune grass is not found 
within the OHV area of the Oceano Dunes, but that it is present although possibly uncommon in 
the dunes south of Guadalupe, in the dunes near Morro Bay, and is increasingly common from 
Monterey north to the Oregon border. Finally, it is acknowledged that the Surf thistle is a California 
listed Threatened species (Table 7.1), and is limited in its natural distribution to dunes just south 
of Point Conception and north to Nipomo. Collection of seeds for this species could be difficult 
and could require special permits. It is, however, an important species in the foredunes in the 
areas of its distribution. 
 
Language in the Coastal Permit that specifies that only native plants found at Oceano and its 
vicinity should be used should be clarified to include “naturalized plants that are non-invasive” 
and that “vicinity” should be broadly interpreted to be “regional”. 
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7.1.4 Planting Configuration 
 
Assuming that a new exclosure is adopted as the preferred alternative, the density of plant 
clusters can be proposed, and total number of plants required can be calculated. If it is assumed 
that a nominal 625 square feet is allowed for each cluster (25 foot on center spacing), and that 
there are 9 plants introduced per cluster, there would be an estimated 627 plants per acre 
required. At 23 acres (the initial proposed foredune area), a total of 14,427 plants would be 
required, If the foredune area were actually 53 acres, as suggested above, a total of 33,245 plants 
would be required. An excess of 10% for each species should be ordered to assure sufficient 
numbers are suitable for installation. Based on the experience of growing plants for the 2018-
2019 planting, each cluster should contain two beach-bur and two sea rocket plants, as these 
species are easy to grow and are the most commonly found species in the foredunes with the 
exception of the abronias. The abronias have so far proved difficult to collect as seeds and also 
difficult to germinate. For these reasons, only a single abronia of any species is proposed for each 
cluster. The remaining four plants can be of any of the remaining species. If the American dune 
grass proves easy to propagate, it could replace the sea rocket in at least some of the clusters, 
or be part of the additional 4 individuals. 
 
These numbers of plants are based on some assumptions about ideal density of vegetated 
mounds in the formation of a foredune. There are no published data that suggest how dense 
mounds should be at a foredune’s maturity, much less during incipient stages of formation. Due 
to the urgency of realizing improvement in air quality, it is judged better to over-plant than to plant 
too few clusters. The action of the wind itself will eliminate clumps that are not in a sufficiently 
natural configuration, and will preserve ones that work with the wind to establish incipient dune 
forms. Once dune formation begins, it would be much harder to “fill in” new vegetation clusters. 
 
If there is no heavy equipment proposed for the development of the foredunes, and if there is no 
change to the existing plover exclosure which is already permitted, there should not be any 
USFWS restrictions for the foredune establishment. If the Surf thistle is used, special collection 
and propagation permits could be required from California DFW. 
 
7.1.5 Success Metrics 
 
There are two classes of metrics that need to be developed to determine success of foredune 
establishment. The first set concerns physical and baseline factors. Methods and metrics for 
performance could include: 
  

1. Establishment of a baseline (2019) DEM and orthophoto mosaic to characterize land cover 
and morphology before any restoration actions begin. 

2. Measurement and monitoring of airflow and sand flux patterns along transects from the 
beach and through the foredune restoration zone  

3. Changes in sand volumes between beach, foredune, and back dune units referenced to 
the 2019 baseline 
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4. Changes in geomorphology indicative of the formation of incipient (nebkha) dunes, 
increasing surface roughness (rugosity), and other geomorphic development (blowouts, 
deflation surfaces, transverse or parabolic dunes) 

5. Maps of any existing plant distributions and species 
 
Performance metrics should also be developed for all planting efforts. Some potential metrics for 
foredunes are: 

● Foredune sand accumulation around plantings should reach a cover of approximately 5-
10 percent (absolute cover) by the end of Year 1, 10-20 percent by Year 2, 20-30 percent 
in Year 5. Cover of accumulated or mounded sand will continue to grow and expand in 
subsequent years. These cover metrics would be applicable to the nominal area of the 
cluster, which is a square plot of 25 feet on each side, with the plot centered on the planted 
cluster. 

● Annual species will show signs of establishment and spread (i.e., seed production and 
germination in successive years) by Year 2 and will continue to be present in Year 3 and 
beyond. 

● Perennial species should show signs of establishment and spread by Year 5 and will 
continue to expand in subsequent years. 

● Cover of non-native species (excluding naturalized species that may have been included 
in the planting palette) should remain low (below approximately 15 percent absolute cover) 
throughout the 10-year monitoring period. 

● Cover of invasive species listed as “high” or “moderate” by the Cal-IPC should remain low 
(below approximately 10 percent absolute cover) throughout the 10-year monitoring 
period. 

 
Alternatively, a simpler metric could be simply survivorship of installed plants, with the success 
metric being set at the presence of at least 5 of the 9 installed plants at each cluster having 
survived after the first year. Subsequent year metrics would be as described above for the size 
(area covered in square feet) of the mound formed by the plant cluster to increase by 10 percent 
per year from the originally formed mound as measured at the end of year 1.  
 
If metric targets are not met, adaptive management could include installation of additional plants. 
 
 
7.2 Back Dune Planting 
 
7.2.1 Areas to be Planted 
 
Additional planting in the back dune areas should also be continued but should not compromise 
the planting of the new foredune until it is completed. Parks has indicated that during the 2018-
2019 planting effort, a total of 36.1 acres was planted. These areas were those where straw had 
already been distributed. That leaves a total of about 48.6 acres of area where sand fences have 
been installed and which could be planted with back dune vegetation. A level of effort that is 
feasible for continuing with the vegetation of these areas needs to be evaluated, taking into 
account that the fencing material would need to be removed and a straw blanket installed. Parks 
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staff indicate that an effort of no more than 40 acres per year is possible given current resources. 
If the foredune takes priority, then no more than 17 acres of back dune could be planted assuming 
that the foredune area is limited to 23 acres. If the foredune area is 53 acres, then fewer, if any, 
acres of back dune vegetation could be installed. It will be important to determine if additional 
resources can be acquired to accelerate the planting such that all the areas already treated in 
some way for vegetation (straw or fences) can be planted in the coming year. The maximum 
amount of such vegetation would be 53 acres with the large foredune area, and 40 acres with the 
smaller foredune area. The lower amount is already within the estimated capability of the Parks 
staff.  
 
If additional areas in the back dunes are to be planted to meet some minimum area of required 
vegetation for dust control, the wind and emission models should be determined as soon as 
possible locating the optimal areas, and confirming their acreage. Planning can only be done with 
this information in hand.  
 
7.2.2 Plant Palette and Planting Density 
 
The plant palette for the foredunes has already been determined as in Table 6.1. Species for the 
back dunes can follow the previous palette used for 2018-2019. Planting densities established by 
Parks for the back dune areas appear to have been developed to produce a more dense cover 
than experience suggests is required for dust control, and the number of plants per acre could 
probably be reduced by at least a third, to 1,790 plants per acre.  
 
7.2.3 Success Metrics 
 
Metrics for back dune planting success should be for survivorship and for cover. Survivorship 
should be at least 60 percent for Year 1, counting only installed plants. For subsequent years, 
“volunteer” plants may count towards the survivorship totals, which should not decrease below 50 
percent. That is, of 100 plants installed, 60 of them would remain alive at the end of year 1. In 
subsequent years, at least 50 plants in the same area of the original 100 should be alive, 
regardless of whether they are installed plants or individuals newly established from seed. Cover 
should be assessed by line intercept method. Cover targets for success would be as indicated 
above for foredunes. 
 
It is emphasized that without emission modeling, it is not known if the plant spacing, cover, and 
survivorship metrics are completely appropriate for this setting. The metrics presented are 
considered conservative, and could be modified based on air quality monitoring and modeling. 
Effects of planting campaigns on dust emissions are considered in further detail in SAG response 
Section 7.5 below. 
 
7.3 Plant Propagation and Planting Logistics 
 
For future planning for seed collection and plant propagation, reliable estimates of seed number 
per pound for each species in both bulk and cleaned form should be determined. In addition, each 
species collected should have the percent live seed (PLS) determined for both bulk and cleaned 
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seed. Commercial seed collectors may have this information. If not, the efforts of this project 
should determine these metrics.  
 
Based on the experience for the 2018-2019 plant development, neither seed availability, seed 
collection ability, nor greenhouse space using Parks, Cal Poly, and Greenheart should be limiting 
factors for either of these scenarios. Ideally, seed should be used in the season that it is collected, 
but seed collected and not used one year may be stored using best practices for use in the future. 
Availability of seed is not expected to be limiting, although some species will be more readily 
available than others. Planting plans should allow for flexibility in terms of the number of each 
species required for planting; total plant numbers are more important than relative number of 
plants per species.  
 
Planting effort is in principle simply a matter of increasing the labor force. If sufficient numbers of 
planters to install the required number of plants during the appropriate planting period (November 
– February) are not available from ACE or the California Conservation Corp (CCC), planning in 
advance for using students from Cal Poly should be done, evaluating any liability concerns that 
could arise from student participation. Alternatively, temporary State Parks employees or farm 
labor from local labor contractors could be used. 
 
In the interests of being exhaustive in the exploration of planting strategies, alternative methods 
of planting could be explored in some limited areas in the coming year. Planting using typical 
agricultural equipment is one alternative that could be explored. Planters that install vegetables 
either as 1x2-inch plugs using a so-called “finger planter” or carousel planters that can plant up 
to 7 inches deep with taller above-ground parts could be trialed. A mechanical planter capable of 
installing plants to the depth preferred for the unirrigated dunes, however, would probably not be 
able to be towed by an ATV; a tractor of some kind would be required. If a standard mechanical 
planter is used, the plant size could be smaller and would be planted shallower than were the 
plants installed this year, in which case irrigation could be important to assure adequate 
survivorship. It is not at all certain that the dry sand and the irregular surface would result in any 
success using mechanical methods, and the SAG remains skeptical about the utility of such 
methods. 
 
7.4 Irrigation 
 
Irrigation is not proposed for any of the planting areas due to the difficulty and expense of 
delivering water to the dune areas. That said, a trial for some portion of the foredune area could 
be implemented. As the foredune areas are planted as clusters, it would be possible to tow a 
pump-equipped water trailer to the much more accessible foredune area, traversing wet and 
firmer sand and irrigate some minimum number (perhaps 24) of the planted clusters. Evaluation 
of the performance of these irrigated clusters compared to the non-irrigated clusters could allow 
for an evaluation of the effect of irrigation related to survivorship and expansion. A trade-off may 
be necessary that balances the lower effort and cost of installing smaller plants against a high 
cost of irrigation. 
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7.5 Metrics for Assessing Changes in Emissions Resulting from Planting  
 
Metrics should also be established for the effect of planting on dust emission. For compliance with 
the SOA, the PMRP proposes that the effect of dune planting be treated as a modification to the 
dust emissivity map used in the DRI dispersion model (PMRP Section 3.3). Currently, the DRI 
dispersion model assumes a 100% control effectiveness for vegetation, such that dust emissions 
are effectively zero in all planted areas. Such control effectiveness is used, for example, when 
evaluating the effect of recent planting campaigns on preliminary compliance with SOA dust 
emission objectives (PMRP Section. 5.2). 100% control effectiveness is also used to model dust 
emissions reductions for future hypothetical planting campaigns (PMRP Section 5.3). 
 
Though the SAG generally supports use of the DRI dispersion model to assess the effectiveness 
of planting campaigns on dust emission reductions, the SAG also argues that the actual effect of 
foredune and back dune planting on dust emission reduction should be carefully monitored. 
PMRP Section 6.1.1 cites pilot studies at ODSVRA and peer-reviewed studies indicating that 
vegetation planting reduces sand transport (a precursor to dust emission) by 90-100% (relative 
to a bare surface) in the zone of planting, which differs somewhat from the uniformly 100% control 
effectiveness currently assumed in the DRI dispersion model. Furthermore, vegetation may also 
reduce sand transport and dust emissions on bare surfaces downwind of the planted zone, 
whereas the DRI dispersion model currently treats these downwind bare surfaces as fully 
emissive (see also SAG response Section 7.5 below). 
 
To monitor how planting configuration affects dust emissions both within and downwind of planting 
zones, the SAG recommends the installation of arrays of sand saltation sensors and/or traps 
before and throughout the planting process, with placement of sensors done as appropriate to 
foredune and back dune locations.. When coupled to meteorological records (i.e., through the 
SAG-proposed network of meteorological towers), observed reductions in sand flux could then be 
used to estimate reductions in dust emissions and associated control effectiveness. Such indirect 
dust emissivity estimates could be supplemented by direct PI-SWERL measurements of 
emissivity, though it is noted that the PI-SWERL provides only localized measurements and 
cannot be used to produce an integrated estimate of the control effectiveness over a spatially 
heterogeneous vegetated area. This is why sand flux measurements (which integrated spatially 
over the upwind flow effects of vegetation) are preferable.  
 
Better understanding of vegetation control effectiveness could also inform future decisions about 
planting densities. Depending on plant survivorship rates, it may be possible to install fewer plants 
per acre while still achieving comparable dust emissions reductions, thus reducing project costs 
or increasing the possible acreages planted. As dust emissions monitoring and modeling reveal 
new information about control effectiveness, plans and metrics for plant spacing, cover, and 
survivorship metrics could be modified through adaptive management. 
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8.0 SAG Response to PMRP Supporting Actions  
(PMRP Section 7) 

 
The SAG makes the following recommendations with respect to actions that could be taken to 
support future PMRP modifications, modeling improvements, and the overall adaptive 
management approach to dust control at ODSVRA. 
 
This numbering of the subsections below corresponds to the numbering of the associated 
subsections in the PMRP. 
 
8.1 Updated PI-SWERL measurements and experiments to identify influence of vehicle 
activity on dust emissions 
 
The initial PI-SWERL dust emissions inventory (2013) and Lagrangian particle dispersion 
modelling by DRI clearly show that the most emissive surfaces contributing to air quality 
exceedances at CDF are associated with popular riding areas within ODSVRA. As described in 
the PMRP, and before further dust mitigation efforts are initiated, new PI-SWERL measurements 
are required to update the baseline emissivity map to inform the PMRP. This should be done as 
soon as possible with collection of other key baseline data, such as a revised DEM of the entire 
ODSVRA lands from aerial LIDAR (see SAG Executive Summary Recommendation 3.1 and the 
SAG response Section 4). 
 
In addition to updating the emissivity grid, SAG recommends field experiments to understand the 
differences in emissivity between natural (non-riding) and disturbed (riding) surfaces so as better 
understand the influence of vehicle activity on dust emissions at ODSVRA and any implications 
for dust control design. This could involve PI-SWERL testing and particle size distribution (PSD) 
analyses before and after vehicle activity to examine effects on PSD and dust emissivity in a field 
or laboratory setting. Alternatively, totally new experimental approaches to address this important 
issue could be explored.  
 
A working hypothesis on the relationship between riding activity and emissivity is that the 
mechanical action of vehicle tires and load on sand particles results in increased micro-fracturing 
of mineral fragments, either from coatings or from the grains themselves, that generate increased 
dust concentration and emissions. This hypothesis could be tested using detailed PSD analysis 
by laser diffraction, or other methods, and nano-scale studies of grain morphology using scanning 
electron microscopy (SEM) to understand underlying dust sources and emissions mechanisms. 
A second working hypothesis is that the source of the PM10 that is emitted under erosive wind 
conditions is, in part, a function of the mineralogy of the sand and its weathering, and that the off-
road vehicle activity only serves to constantly turn over the surface of the dunes. This constant 
disturbance of the surface slows or restricts depletion of the PM10 source material at the surface 
as a function of time. This hypothesis can be tested via field experimentation that examines the 
availability of PM10 through comparison of vertical profiles of disturbed to undisturbed sand 
deposits. This should be compared with samples through dune areas where riding is not 
permitted. The testing of this hypothesis would also benefit from having an area that is currently 
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being used for OHV activities to be removed or sequestered from those activities to determine 
how the emissivity changes as a function of time after OHV activity ceases. The understanding of 
the link between OHV activity and erodibility/emissivity is of critical importance as new areas of 
the Park are considered for opening to OHV activity. Understanding the potential to create new 
high emissivity areas will inform management decisions. 
  
8.2 Additional Air Quality Monitoring 
 
The SAG endorses the recommendation in the PMRP that additional field monitoring is essential 
for observing and assessing actual changes in PM10 emissions and PM10 concentrations resulting 
from dust control measures and for improving dust emission modelling. The SAG recommends 
additional sampling stations be installed within ODSRVA and downwind (to the east) to provide 
high quality data on key meteorological variables (wind speed, wind direction, temperature, 
relative humidity, barometric pressure, and precipitation) as well as PM10 concentrations. These 
stations would also improve the ability to evaluate changes in regional PM10 levels beyond the 
existing SLOAPCD network, and provide the opportunity to investigate other potential 
contributions to regional PM10 levels not related to ODSVRA, such as sea salt, marine 
microorganisms, or agricultural field operations.  
 
8.3 Analysis of Other Potential PM Sources 
 
The SAG believes that continued study of sea salt and microorganisms contained in sea spray 
as potential PM10 sources and mechanisms is merited. Such study could be included in broader 
air quality monitoring efforts, as described in SAG response Subsection 7.2 above. However, in 
no way should it delay action on deployment of the foredune construction plan. 
 
8.4 SODAR 
 
The SAG recommends installation of the SODAR system as soon as possible to allow for 
collection of baseline wind speed profile information and upper air conditions to improve dust 
emissions modelling and better understand planetary boundary-layer behavior over the ODSVRA 
(see fuller discussion in SAG response Section 3 above). The SODAR should be installed at a 
position downwind of the ODSVRA to best facilitate characterization of the boundary-layer and 
upper air flow characteristics after the onshore wind-flow has adjusted to the topography of the 
dunes and any future mitigation measures. As the lowest measurement point for the SODAR is 
30 m, it is recommended that the unit be co-located with a 10 m tower to provide additional wind 
speed and direction measurements nearer to the surface for improved lower boundary-layer 
structure characterization. 
 
8.5 Topographic and Sediment Budget Monitoring of the Proposed Foredune 
Restoration Site 
 
As described in the SAG response Section 6, the proposed new foredune restoration site will 
require additional research and monitoring to establish baseline conditions and assess its 
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effectiveness in reducing dust emissions. Several baseline datasets and metrics were proposed. 
First, a baseline (2019) DEM and orthophoto mosaic should be captured at very high resolution 
(cm-scale ground sampling distance) from a UAS system and subsequent Structure-from-Motion 
(SfM) photogrammetry. Similarly, a portion of the reference site located to the south near Oso 
Flaco Lake (Fig. 7.1) should be flown to quantify geomorphic and vegetation characteristics that 
will define restoration reference states for a mature, natural foredune. The UAS should have a 
sensor payload that could also assess vegetation health (e.g., red edge spectral band). Repeat 
biannual surveys bracketing the vegetation growth season in October (lowest veg) and June 
(highest growth) should be considered for assessing vegetation cover and health, sedimentation 
patterns, and volumetric changes.  
 
Second, measurement and monitoring of airflow and sand flux patterns through the foredune 
restoration zone should occur along comparative transects of instrument stations that extend from 
the upper beach to the back dune surface landward of the restoration zone. Instrument stations 
should include wind speed, wind direction, temperature, relative humidity, and barometric 
pressure, and precipitation on 3-meter towers. MetOne Aerosol Particle Profilers positioned at 2 
m above ground level should also be included at some sites to provide data on particulate matter 
mass concentrations. Sensit piezoelectric saltation sensors should be placed at near ground level 
(~0.15 m) to characterize threshold wind speed for sand movement. Sand flux should be 
measured using a common approach, such as single-height BSNE traps at several locations 
starting from upper beach at the windward edge of the foredune restoration zone and as a function 
of downwind distance to evaluate the sediment budget and sand trapping effectiveness of the 
developing foredune. Data from the transects will allow for evaluation of sand transport, 
aerodynamic roughness, and dust emission responses to the restoration treatment. These data 
will be compared with surface volume changes over time, as follows. 
 
Third, quantification of changes in sand volume within the foredune restoration site is essential 
for assessing its morphological development and performance as a sediment sink and dust 
emission mitigation measure. Volumetric changes within, and exchanges between, beach, 
foredune, and back dune units should be monitored and quantified at least twice a year bracketing 
the vegetation growth season (as above) with reference to the 2019 baseline. This methodology 
has been used to assess effectiveness of other dune restoration projects (e.g., Walker et al., 
20131). Over time, it is hypothesized that as the foredune grows it will trap progressively more 
sand delivered by wind from the beach, it will grow in size and, in turn, will reduce sand flux and 
dust emissions from the designated area. In addition, a reduction of shear stress, sand transport, 
and dust emissions is anticipated in the lee of the new foredune to some distance downwind that 
is a function of dune height. This distance is typically 4 to 10 dune heights for desert dunes and 
could be longer, on the order of 20 dune heights, for broad, vegetated dunes. As such, the 
mitigation benefits of the restored foredune are expected to extend beyond the proposed 
boundaries. Data from both the UAS mapping campaigns and the sand transport and PM10 
transect experiments would be used to assess these effects. 

                                                
1 Walker, I. J., Eamer, J. B., & Darke, I. B. (2013). Assessing significant geomorphic changes and effectiveness of 
dynamic restoration in a coastal dune ecosystem. Geomorphology, 199, 192-204. 
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Fourth, changes in geomorphic development of the restoration site can be assessed from the 
UAS datasets, such as the formation of incipient (nebkha) dunes, increasing surface roughness 
(rugosity), and the development of other geomorphic features (blowouts, deflation surfaces, 
transverse or parabolic dunes). Increasing geomorphic diversity is considered as another key 
metric for effectiveness of coastal dune restoration1. 
 
Fifth, quantification of the distribution, species assemblage, survivorship, and general health of 
vegetation within the foredune restoration zone is imperative. The SAG recommends that the 
payload on the UAS be equipped with 5-band sensor array to capture standard visible (Red, 
Green, Blue) spectral bands, as well as red edge (717 nm) and near-IR (840 nm) bands that are 
useful for assessing vegetation health. As above, UAS flights for vegetation and foredune 
volumetric changes should occur biannually bracketing the plant growth season in October 
(lowest veg) and June (highest growth). 
 
The measurements and metrics described above will provide sound baseline conditions and 
subsequent datasets for assessing the effectiveness of the foredune restoration on reducing dust 
emissions from surfaces within ODSVRA. The new PI-SWERL emissivity maps and onsite upper 
air and boundary-layer data from the SODAR, will enable new simulation model runs to extend 
assessments of the effectiveness of the new (expanded) foredune zone to include varying surface 
emissivity values (vs. 100% reduction as in the initial PMRP simulations) as well as incorporating 
a shadow area in the lee of the foredune with reduced emissivity resulting from boundary-layer 
disruption. Defining the emissions reduction effectiveness of this wake zone could require further 
onsite measurements to define the spatial extent and gradient of this effect. 
 
8.6 Track-Out Infrastructure 
 
SOA Section 1.c (lines 4-5, p. 8) requires the installation of Air Pollution Control Officer-approved 
sand track-out devices at the Grand and Pier Avenue entrances to the ODSVRA by June 30, 
2019. Section 7.6 of the PMRP (“Track-Out”) proposes to satisfy this requirement by having 
permanent track-out devices designed, budgeted, and constructed as distinct capital outlay 
projects approved by the California Public Works Board. The timeline proposed for completion of 
this project extends through state Fiscal Year 2021-2022. 
 
The SAG does not believe that this unitary proposal, which fails to meet the installation deadline 
established in Section 1.c of the SOA, qualifies for consideration under Section 6.f as a 
circumstance beyond the Respondent’s control for which the APCO may excuse the failure to 
satisfy the installation deadline. The SAG recommends that temporary track-out devices be 
purchased or leased and installed by the June 30, 2019, deadline to reduce sand track-out from 
the ODSVRA onto public roads during the time required for permanent devices to be designed 
and constructed. Several manufacturers offer affordable, durable, and adequate temporary track-
out devices for sale. The SAG will provide information on these devices to both Respondent and 
the APCO. 
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8.7 Educational Campaign 
 
The SAG supports the proposed education efforts of the PMRP. The SAG also encourages 
OHMVR Division to make all educational materials, real-time and historical monitoring datasets, 
maps and figures, policy documents, and other materials accessible on a public website to the 
fullest extent allowable. 
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APPENDIX A 
 
 

Oceano SAG Meeting 10-18/2018 
Introductory Comment from Bill   - 
Yesterday’s tour was a good starting point, now we must begin the Plan due February 2019.  
Item #1 on agenda 
Focus of plan needs to be foredune fencing and vegetation. Also early in plan we must focus on 
community outreach. Press releases. Invite public to plantings. Signage telling the good story. 
SAG plan - staff assignments: 
(editor’s note 1: SAG members should hold on any work on the Plan until a contract is in 
place to allow for their services to be reimbursed) 

• Ian – Plan Coordinator (Dan will be staff) 
• Carla – Veg Group (Ronnie is resource) dune-wide , long term 
• Jack and Cheryl - Foredune/Backdune Instrumentation 
• Modeling – Jack and Earl (Karl is resource) 
• Public Outreach – Gary and Dan 

 
Key Plan Dates: 
   
   
Nov 14 Dan to report at APCD Board meeting  
Mid - Nov Team phone call Subject to editor’s 1 note 

above 
Mid Dec Individual group work Subject to editor’s 1 note 

above 
Jan 1  Target for preliminary draft plan -   
Feb 1  Plan due from respondent to APCO and SAG  
Feb 15 SAG recommendations  to APCO  
Mar -  2019 Public workshop  

 
Action Items 
   
1 Start outreach to public re foredune  

• Handouts 
• Nov 14 apcd pres  
• Stakeholder outreach - survey 
• Smaller camping footprint impact 
• Spruce up exiting webpage 

DPR staff – formal write-up in 
plan 
 
Editor note 2: 
Reach out land owner – SLO 
County 

2 CEQA analysis for foredune project – fencing , planting, 
monitoring , loss of camping 

DPR staff – consult with 
CRAB on ceqa approach 

3 Find out what it would take to allow ASU to fly drones 
per policy/regs 
 

DPR response – would be 
allowed as a contractor. 
Need contracts!!!! 
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4 2019-20 finance Letter 
 

DPR staff – 
Seasonal Staff - CCC 
Heavy equip 
Irrigation rig 
Lidar  - $150K 
Met ones  
$6k each  
 

5 Post Jack’s slides on google docs’ DPR staff 
6 Long term ASU contract needs to include SODAR 

program – Ina time and transport – ongoing 
Strava - $20k 

DPR staff 

 
Item #2 
SAG approved hypothetical foredune footprint. Aka purple patch referring to map. 
Item #3 
Discussion of CEQA and permitting needs prior to start of work in hypothetical fore dune 
footprint. 
See Action Item 1 and 2. 
Item #4 
See action item 3 
Item 4#b 
4 year plan to look at converting wind fence area to planted –  
Seed collection plan 
Other sources like cal poly 
Item # 5 
 
Planting Plan ***** Drop this into plan outline 

• Describe season – collect seeds – grow – plant – repeat 
• Time table 
• Needed budget amounts 
• Seasonal staff – workforce plan 
• Include quantifiable metrics by date/ # of plants by date 
• Planting techniques -straw seed - plant 

 
See action item 4  
Item #6 
See action item 5 
Big takeaway – current treatments yield 11 – 17 % reduction  
50% implementation = 11% reduction  
100% = 17% reduction  
Plan to Include – drop in outline 

• Ongoing monitoring  and modeling - CARB concurrence 
• Change nI rec patterns 
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• Wind monitoring 
• Pm 10 monitoring (we have eBAMs!!) 
• Include priority areas for future fencing and planting 
• Data suggests more smaller veg islands = more maintenance (see action item 4) 
• Sweet spot of % coverage to maximize reduction in particulate and 50% reduction 
• ‘need to set mgmt. target for emission reduction 

 
 
See action item 6 
Minutes to show: 
ARB to provide review and feedback on Jacks modeling. After feedback SAG to consider formal 
adoption 
Item #7 
Need sensit and sand catchers 
Presentation on street lights and strava 
System of monitors  
Lidar Rain gauges 
Need monitoring plan in Plan 
Item 8 
See action item 1 
Item 9 
Next phone meeting mid-November – subject to contracting (see editor’s note #1 above) 
Next team meeting January 9-10!! 
Adjourn 
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APPENDIX B 
 
Table B.1: PMRP Evaluation Metrics – “Performance” Metrics. These metrics refer to 
expected outcomes for the performance of dust mitigation activities by the OHMVR Division. 

METRIC Unit Target Reporting 
Period 

Duration Comments 

Foredune 
Restoration: 

  
BEG END 

  

Area planted to foster 
natural foredune 
restoration 

Acres, ha 48 
    

Area planted per average 
day 

Acres, ha 
     

Plant density #/Acre, 
#/ha 

687 
    

Increase in area covered 
by plants 

% 
     

Total number of plants for 
foredune restoration 

 30,485     

Frequency of plant 
inspection and viability 
monitoring 

      

Annual budget approved 
for foredune 
development (supplies, 
contracts, personnel) 

USD 
     

Back dune 
Stabilization: 

      

Number of acres planted 
annually to stabilize back 
dunes 

Acres, ha 
     

Number of acres planted 
per average day 

Acres, ha 
     

Plant density #/Acre, 
#/ha 

     

Average quantify of 
mulch and fertilizer 
applied per acre 

Tons 
     

Number and locations of 
acres replanted annually 
to maintain back dune 
stability 

      

Average number of 
plants per acre replanted 

#/Acre 
     

Frequency of plant 
inspection and viability 
monitoring 

      

Area stabilized by 
installation of roughness 

Acres, ha 
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METRIC Unit Target Reporting 
Period 

Duration Comments 

Foredune 
Restoration: 

  
BEG END 

  

elements (straw bales or 
wind fencing) 
Average area stabilized 
per day by straw bales or 
wind fencing 

Acres, ha 
     

Average number of straw 
bales per acre installed 

#/Acre, 
#/ha 

     

Fractions of average 
straw bale profile areas 
protruding above sand 
surface by area 

      

Length of wind fencing 
installed annually 

Km 
     

Length of wind fencing 
installed per average day 

Km/day 
     

Wind fence spacing and 
average length of wind 
fencing installed per acre 

Km/ha 
     

Fractions of average 
wind fence profile areas 
protruding above sand 
surface by area 

m2/ha 
     

Annual budgets approved 
for back dune 
stabilization by planting, 
straw bales placement, 
and wind fencing 
installation (supplies, 
contracts, personnel) 

USD 
     

Plant Cultivation: 
      

Quantities of native seed 
harvested annually by 
species 

Kg 
     

Numbers of plants by 
species cultivated 
annually for initial and 
replacement planting 

      

Number at ODSVRA 
facilities 

      

Number at Cal Poly 
facilities 

      

Number by private 
growers 

      

Annual budget approved 
for plant cultivation at 

USD 
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METRIC Unit Target Reporting 
Period 

Duration Comments 

Foredune 
Restoration: 

  
BEG END 

  

each facility type 
(supplies, personnel, 
contracts) 
Saltation Monitoring: 

      

Number of saltation 
monitoring stations 
operated in riding and 
downwind areas 

 
10 

    

Frequency of saltation 
monitor height check, 
readjustment, and 
sample collection 

      

Meteorological 
Monitoring: 

      

Number of 
meteorological 
monitoring stations 
operated in riding, 
downwind, and adjacent 
areas 

 
13 

    

General locations of 
monitoring stations and 
SODAR installation 

 
TBD 

    

Data capture rate by 
station 

 
hourly 

    

Frequency of station 
inspection and 
calibration check 

      

PM10 monitoring at 
meteorological towers 

      

PM10 monitoring at a 
downwind array of sites 
between APCD stations 

      

Meteorological, PM10 
(particle profiler), and 
Sensit stations 
transecting new foredune 

      

Annual budget approved 
for meteorological 
monitoring (equipment, 
supplies, and personnel) 

USD      

Remote Sensing: 
     

 
Sampling frequency for 
airborne LIDAR survey of 
the foredune area 

 
annual 
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METRIC Unit Target Reporting 
Period 

Duration Comments 

Foredune 
Restoration: 

  
BEG END 

  

Sampling frequency for 
UAS survey of the 
foredune area 

 
semi-

annual 

   
 

Baseline DEM and 
orthophoto mosaic of 
foredune area and 
reference Oso Flaco site 
by UAS and SfM 
photogrammetry 

      

Annual budget approved 
for aerial surveying 
(contracts) 

USD 
     

Emissivity Monitoring: 
      

PI-SWERL traverses 
across ODSVRA  

 
annual 

    

Total number of test 
points for ODSVRA PI-
SWERL campaigns 

 
300 

    

Targeted PI-SWERL 
measurements 
comparing riding and 
non-riding surfaces 

 annual     

Surface particle sampling 
at PI-SWERL test 
locations 

      

Annual budget approved 
for PI-SWERL monitoring 
(contracts, support 
personnel) 

USD      

Laboratory analyses of 
surface particle samples 
(laser diffraction PSD 
and SEM testing) 

      

Particle size analyses on 
vertical profiles of 
undisturbed and 
disturbed sand deposits 

      

Development of 
monitoring methods for 
quantifying spatial extent 
and gradient of boundary 
layer disruption (wind 
shielding) behind 
restored foredune 

      

Annual budget approved 
for laboratory analyses 

USD      
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METRIC Unit Target Reporting 
Period 

Duration Comments 

Foredune 
Restoration: 

  
BEG END 

  

Dust Dispersion 
Modeling: 

      

Performance of 
sensitivity tests for data 
assimilation into DRI 
dust dispersion model for 
reassessment of 
monitoring elements 

 Annual     

Performance of DRI dust 
dispersion model 
validation comparisons 
to PM10 concentrations 
observed at monitoring 
locations 

      

Reevaluation of baseline 
conditions selection for 
determining progress 
toward SOA dust 
mitigation targets  
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Table B.2: PMRP Evaluation Metrics – “Outcome” Metrics. These metrics refer to expected 
outcomes resulting from dust mitigation activities and subject to variability of natural conditions. 

METRIC Unit Target Reporting 
Period 

Duration Comments 

Emission reduction: 
  

BEG END 
  

Reduction in the 
maximum 24-hour PM10 
baseline emissions (initial 
4-year goal: 50%) 

% 50 
    

Meteorological 
Monitoring: 

      

Changes in annual 
and average high wind 
day mean 24-hr PM10 by 
station 

µg m-3 
     

Foredune 
Restoration: 

      

Annual survival rate of 
plants 

% 
     

Increase in area 
covered by live plants  

Acres, ha 
     

Net change in 
foredune sand volume 

m3 
     

Change in the number 
of hummocks formed 

% 
     

Change in rugosity 
(topographical variability) 
of the foredune area 

m/m 
     

Increase in silhouette 
profile area of restored 
foredune 

m3 
     

Biennial vegetation 
health surveys from UAS 
datasets (red spectral 
band) for assessing 
vegetation cover and 
health, sedimentation 
patterns, and volumetric 
changes 

      

Formation of incipient 
(nebkha) dunes, 
blowouts, deflation 
surfaces, transverse or 
parabolic dune 
monitoring determined 
from UAS datasets 

      

Increasing geomorphic 
diversity 

      

Distribution, species 
assemblage, 
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METRIC Unit Target Reporting 
Period 

Duration Comments 

Emission reduction: 
  

BEG END 
  

survivorship, and general 
health of vegetation in 
foredune restoration area 
determined by 5-band 
sensor array on UAS 
biennial surveys 

Back dune 
Stabilization: 

      

Annual survival rate of 
plants 

% 
     

Planted areas buried 
by drifting sand  

Acres, 
Coordinates 

     

Fractions of average 
wind fence profile areas 
protruding above sand 
surface by area 

      

Saltation Monitoring: 
      

Changes in annual 
and average high wind 
day fluxes by station 

kg m-1 h-1 
     

Mean sand flux 
reduction for each 
control area 

kg m-1 h-1 
     

Dust Dispersion 
Modeling: 

      

Progress checks for 
SOA dust mitigation 
objectives as determined 
from dust dispersion 
model outputs 

      

Other metrics:       
Annual park day-use 

visitors 
      

Annual park overnight 
visitors 
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