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Introduction 
The following comments pertain to the memo from the Scientific Advisory Group (SAG) dated June 

21, 2023, (revised July 13, 2023) and titled “SAG Recommendations for Establishing Emissivity Grids 

to be used in Modeling of Pre-Disturbance Conditions and Future Excess Emissions Reductions.” 

The Stipulated Order of Abatement in Case 17-01 (SOA) was amended in October 2022 to require 

the California Department of Parks and Recreation (State Parks) to “eliminate emissions in excess of 

naturally occurring emissions from the ODSVRA [Oceano Dunes State Vehicular Recreation Area] 

that contribute to downwind violations of the state and federal PM10 air quality standards.” To do 

this, the amended SOA requires State Parks to “initially reduce mass-based PM10 emissions within 

the ODSVRA to a level consistent with the pre-disturbance scenario identified by the SAG,” using “a 

representative emissivity grid derived from PI-SWERL measurements as recommended by the SAG.”  

The District’s final conditional approval letter of State Parks’ 2023 Annual Report and Work Plan 

(ARWP) also included certain requirements related to emissions calculations: 

b. Emission calculations in the 2023 ARWP shall be based on assumptions 

recommended by the SAG and preapproved, in writing, by the APCO. 

c. If APCO approval of emissions modeling assumption[s] is not obtained prior to the 

submission of the 2023 ARWP, then the emissions modeling shall use the following 

assumptions:  

i. The same PI-SWERL dataset(s) used to derive the emissivity grid for the pre-

disturbance scenario shall be used to derive the emissivity grid for the 

mitigation scenario, with the exceptions noted below for seasonal closures and 

the Plover Exclosure. If recommended by the SAG, State Parks may recalculate 

pre-disturbance emissions using different assumptions and/or data than those 

used by the SAG in their initial recommendation (e.g., 2022 PI-SWERL 

measurements may be incorporated); however, the same updates must also be 

applied to the calculation of emissions under the mitigation scenario.  

ii. Emissions from areas that are seasonally open to off-roading shall be 

modeled based on the weighted average of the average emissivity of riding and 

non-riding areas. 

iii. When modeling emissions from the permanent closure of the Plover 

Exclosure area, the emissivity grid shall be derived from actual PI-SWERL 

measurements conducted since it was permanently closed. 
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Overall, the methodology proposed in the SAG Memo is consistent with the above requirements, 

and the District concurs with much of the SAG’s proposal. This includes: 

 The boundaries of the emissivity zones defined in Figure 17 and elsewhere. 

 Using a single emissivity curve for each zone. This is a simplification from the previous 

methodology, in which spatial interpolation of individual PI-SWERL measurements were used 

to derive a continuously varying emissivity grid. 

 The use of medians rather than means as a measure of central tendency and to define 

emissivity curves. 

Nonetheless, the District has questions and concerns about certain elements of the plan. We defer 

to the SAG’s expertise and will approve their final recommendations; however, we request that the 

SAG and State Parks respond to the following comments and update the modeling where 

appropriate. 

Threshold Wind Speed 
In the original emissions model used for SOA compliance and described in Meija (2019),1 emissions 

were set to zero for grid cells with wind speeds less than the threshold wind speed for saltation. 

These threshold wind speeds were derived from the same PI-SWERL dataset used to derive the 

original emissions grid. 

The SAG Memo does not mention threshold wind speed (or the related parameter threshold friction 

velocity). Please clarify whether and how threshold wind speed/friction velocity is to be used in the 

model. If it is used, what are the recommended values for each emissivity zone? 

Sampling Bias 
As noted in the SAG Memo, the location and timing of PI-SWERL measurements were neither 

random nor consistent from one campaign to the next, and this greatly complicates comparisons 

between areas and across time. While there is not a statistically significant linear trend across time, 

there appears to be statistically significant differences between campaigns and between areas, as 

shown in Figures 1 – 4 and 7 – 11 of the SAG Memo. For example, these figures show that for both 

riding and non-riding areas, the measurements from August 2013 are statistically significantly higher 

than those from May 2022.  

The emissivity grid is supposed to capture the spatial variation in emissivity, so disentangling spatial 

effects from temporal effects is critical. For some zones, this may not be possible with the data 

discussed in the Memo. For example, as shown in Memo Figure 8, measurements made in the 

Plover Exclosure (PE) and Foredune Restoration Area (FRA) skew lower than measures made in the 

other non-riding areas (NRA), but the PE and FRA were measured only in September 2022, while 

none of the NRA measurements were made then. Thus, it is impossible to determine whether the 

lower emissivity of the PE and FRA relative to the NRAs is a spatial or temporal effect. 

 
1 Mejia, John & Gillies, J.A. & Etyemezian, V. & Glick, R.. (2019). A Very-high Resolution (20m) Measurement-based 

Dust Emissions and Dispersion Modeling Approach for the Oceano Dunes, California. Atmospheric 

Environment. 10.1016/j.atmosenv.2019.116977.  
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While this issue cannot be fully resolved with the data discussed in the Memo, the District offers the 

following suggestions for mitigating the problem: 

 Additional PE measurements are available. According to two DRI reports, “2013 Intensive 

Wind Erodibility measurements at and Near the Oceano Dunes State Vehicular Recreation 

Area: Report of Findings,”2 and “Updated Wind Erodibility Measurements at and Near the 

Oceano Dunes State Vehicular Recreation Area: Draft Overview of Findings,”3 the PE was 

sampled prior to September 2022, including during the initial August 2013 campaign. The 

area was only seasonally closed during these earlier campaigns, while in 2022 it had been 

closed for longer. Nonetheless, comparing the earlier measurements to measurements 

made simultaneously elsewhere in the park could provide insight into whether the 

exceptionally lower emissivity measured in 2022 is a spatial or temporal effect.  

 Campaign-weighted medians. The District agrees that for deriving emissivity curves, the 

median is a better measure of central tendency than the mean. We also agree that all 

available data should be used, including data from the 2013 campaign, even though those 

measurements skew higher than later ones. That said, some campaigns (e.g., August 2013 

and May 2019) have many more measurements than others, so simply pooling all campaigns 

together and then calculating a median will bias the median toward those campaigns with 

more samples. As the August 2013 measurements skew higher than other campaigns, this 

will bias the emissivity curves toward higher values for those areas that were included in that 

campaign. A possible solution is to use weighted medians, where each measurement is 

assigned a weight inversely proportional to the number of samples in the campaign that it 

came from.4 Another possible solution could be a “median of medians” approach, in 

measurements are grouped by campaign and area, and a median is calculated for each 

unique campaign-area combination. Then for each area, the median of the campaigns from 

that area is used to represent the area. 

 Future campaigns. The District strongly suggests conducting additional PI-SWERL 

measurement campaigns that are designed to address the issue of temporal vs spatial 

variation. This could be done by remeasuring the FRA and PE areas while simultaneously 

remeasuring areas that have already been extensively measured, e.g., the Central-North 

Riding Area in between Dune Preserve and the Foredune Restoration Area. This area was 

extensively measured in 2013, 2015, and 2019. If the new PE and FRA measurement are 

within the range of values observed in 2022, and the riding area measurements are with the 

range observed in 2019, then this would suggest that the difference between the two areas 

is a true spatial effect, and not an artifact of the whole ODSVRA being more emissive in one 

year versus another. 

 
2 Available online: https://storage.googleapis.com/slocleanair-

org/images/cms/upload/files/APCD%20Exhibit%205%20-%202013_PI-

SWERL_Report%20of%20Findings_07_2015_Final.pdf  
3 Available online: https://storage.googleapis.com/slocleanair-org/images/cms/upload/files/64%20Write-up_PI-

SWERL_measurements_01_2016_Update_DRAFT_7.pdf  
4 For example, if an area was sampled 40 times in campaign X, 10 times in campaign Y, and 5 times campaign Z, 

then each value from campaign X would be assigned a weight of 55/40, values from Y would be assigned a 

weight of 55/10, and values from X a weight of 55/5. (In this example, the weights are not normalized; certain 

software may require normalized weights.) 
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Emissivity of Recently Closed Areas 
As shown in Figure 20, the proposed emissivity curves for the FRA and PE are lower (i.e., less 

emissive) than the proposed curves for the North, Central, and South NRA zones. This is a surprising 

result, as the FRA and PE areas were closed to off-roading only within the last few years, while the 

NRA zones have been closed much longer—in some cases decades. The Memo further proposes 

that under the pre-disturbance scenario, the FRA and PE areas would be modeled using the 

emissivity curve of the central NRA zone. Thus, under the SAG proposal, the emissivity of bare sand 

within the FRA and PE is assumed to be lower today than in the pre-disturbance scenario. This is 

counterintuitive. 

To be clear, the District acknowledges that total emissions from these areas are likely to be lower 

today than in the pre-disturbance scenario. These areas have more vegetative cover now than in 

1939, and that coverage is likely to increase as the foredune restoration matures and as vegetation 

in PE is allowed to evolve without vehicular disturbance. In addition, State Parks previously 

distributed logs and other material in the PE to enhance the snowy plover habitat and this added 

roughness may result in lower emissions versus pre-disturbance conditions.  

While these factors are expected to decrease overall emissions, they are not expected to decrease 

the emissivity of bare sand, at least directly. The District is concerned that the apparently lower 

emissivity of these zones may be an artifact of the timing of the PI-SWERL measurements, since, as 

noted in the previous section, spatial and temporal effects are confounded.5  

It is also possible that an east-west gradient in emissivity exists and the low values measured in the 

FRA and PE are simply a function of these areas being on the extreme west side of the study area. If 

such a gradient exists today, then it is reasonable to assume that it existed before vehicular 

disturbance and to account for it in the pre-disturbance scenario (just as the pre-disturbance 

scenario accounts for the north-south gradient). One way to account for it would be to simply use 

the FRA and PE emissivity curves in the FRA and PE areas in both the current model and pre-

disturbance models.  

The Memo states that “Although an analysis of potential west-east trends was undertaken for the 

NRA data, the differences were not as apparent as for the north-south trends. … this line of inquiry 

was not pursued further.” The District suggests that further inquiry may provide insight. As shown in 

Figure 6, the PI-SWERL measurement campaigns contain many approximately east-west transects. 

This sampling design could be leveraged to detect a trend. Rather than plotting emissivity versus 

longitude for all measurements, and then analyzing for a trend (akin to the north-south trend 

analysis in Figure 10), the District suggests using a mixed model that includes only data from east-

west transects and groups the data by transect. Such a model could effectively regress emissivity 

against longitude separately for each transect, and then combine the slopes from each regression 

into a global estimate of how emissivity changes with longitude. 

 
5 In fact, the median riding area measurements from May 2022 appear to have the lowest or second lowest 

values of all the campaigns (according to Figure 1), and the median non-riding area values from that time are 

also lower than most earlier campaigns. Thus, it is possible 2022, as a whole, was low relative to earlier years, 

and this could explain why the PE and FRA measurements made later that year are relatively low. 



APCD Comments on the SAG Proposal Re: Emissivity Grids 

August 1, 2023 

Page 5 of 8 

 

5 

 

The District has similar concerns regarding the treatment of the Seasonal Exclosure (SE). While we 

agree with deriving the emissivity curve from a simple average of the riding and non-riding area 

emissivities, we are concerned that the measurements from 2022 dominate the dataset, possibly 

biasing the result toward lower emissivity. 

At a minimum, more discussion of the low emissivity of the FRA, PE, and SE zones is needed. For the 

reasons noted above, the District is skeptical that these areas are less emissive today than they were 

prior to vehicular disturbance. If the emissivity curves for these zones are truly representative of the 

spatial trends within the park today, then they should be used for both the current and pre-

disturbance scenarios, unless a scientifically defensible rationale can be articulated for why bare 

sand in these areas was likely to be more emissive prior to disturbance than today. The effects of 

vegetation are more appropriately captured in the vegetative masks used in the modeling and in the 

computational fluid dynamics module.6 Incorporating vegetation effects in this manner will likely 

result in these areas being modeled as less emissive today than prior to vehicular disturbance, even 

with the same surface emissivity being used in both scenarios. 

Emissions at High Shear Velocities 
Consistent with prior practice, the SAG Memo proposes to model the emissivity-wind speed 

relationship as a power law, specifically, F = au*
b, where F is emissive flux (mass of emitted 

particulate matter per square meter per second), u* is shear velocity (related to wind speed), and a 

and b are constants. This relationship is an approximation, with some flux being assumed whenever 

wind speed is not zero. In reality, there is no flux until the shear velocity exceeds the threshold 

velocity. Nonetheless, it is a reasonable approximation given the physics involved, and likely a 

necessary one given that the PI-SWERL measures emissive flux at only 3 shear stress values. Table 4 

of the SAG Memo summarizes, for each emissivity zone, the values of a and b and the median 

emissive flux values used to derive them. 

At shear velocities within the range measured by the PI-SWERL (i.e., up to 0.607 m/s or an equivalent 

10-meter wind speed of about 36 mph),7 this approach yields emissivity values for all non-riding 

areas (North, Central, and South, plus the Foredune and Plover Exclosure areas) that are always 

lower than the emissivity of the riding areas. That is, it predicts lower emissions from non-riding 

areas than from riding areas, as expected. But at higher shear velocities, the emissivity curves cross 

and this approach predicts more emissions from certain non-riding areas than from certain riding 

areas. Quantitatively, at shear stress values of 0.618 m/s and higher (equivalent to about 37 mph), 

the north non-riding area is predicted to be more emissive than the south-central riding area. At 

shear velocities above values of 1.68 m/s (equivalent to about 98 mph), all the non-riding areas are 

predicted to be more emissive than all riding areas.  

 
6 The grid cells of the emissions model may be too coarse to capture the distribution of small vegetation 

patches of the current FRA, PE, and SE zones. Thus, rather than “turning off” entire grid cells, it may instead be 

appropriate to evaluate the percent vegetative coverage of each grid cell, and then reduce estimated emissions 

from each cell by the percent vegetative coverage. 
7 Here and elsewhere, the conversion of shear stress to 10-meter wind speed is based on DRI’s report from 

2015 “2013 Intensive Wind Erodibility measurements at and Near the Oceano 

Dunes State Vehicular Recreation Area: Report of Findings,” which states the equivalent wind speeds for the 

2000, 3000, and 3500 rpm PI-SWERL test values are 23, 32, and 36 mph, respectively. 
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As noted above, at the higher u* values tested by the PI-SWERL, median emissivity values for non-

riding areas are always lower than those from riding areas. Therefore, it is not reasonable to believe 

that non-riding areas become more emissive at higher u* values than those tested. (Indeed, 

extrapolating beyond the range of any dataset is generally ill-advised.) 

How much this matters depends on the wind field used to estimate emissions. The SOA requires 

that “Emissions shall be calculated using the meteorology of the 10 highest emissions days for the 

period May 1 through August 31, 2013.” If a significant portion of the gridded wind shear values 

from this dataset exceed the highest test value used by the PI-SWERL (0.607 m/s), then this issue 

could result in an over-estimation of emissions from non-riding areas relative to riding areas. 

Therefore, the District requests an analysis which addresses the following the questions: 

 What proportion of the gridded u* values from the 10 modeled days used exceed 0.607 m/s? 

A histogram, map, and/or other visual summary of the u* values used in the modeling would 

be especially useful. 

 What proportion of the emission estimate for the entire park is derived from grid cells in 

which u* exceeds 0.607 m/s?   

A related issue is the curve fitting procedure, i.e., how the a and b constants are derived. One 

procedure, employed by Excel and other software packages, is to work on a logarithmic scale, and fit 

a straight line to log(F) vs log(u*) via ordinary least squares. Alternatively, the F = au*
b relationship 

can be fit directly using iterative non-linear least squares, and this appears to be the procedure 

employed by SigmaPlot, the software used to derive the values reported in the SAG Memo. 

Unfortunately, the two procedures can yield quite different results; e.g., for the North Non-Riding 

area the non-linear fitting yields a and b coefficients of 66.38 and 8.55, respectively, while the linear 

fit to log-transformed data yields coefficients of 23.40 and 7.10, respectively. All of which is say that 

the derived emissivity relationships should be view critically.  

Some ideas for dealing with these issues are suggested below. One is to explore modeling the 

emissive flux – shear velocity relationship differently. As noted earlier, each PI-SWERL measurement 

cycle also yields an estimate of threshold friction velocity. Thus, there are potentially 4 points 

available for curve fitting if the threshold friction velocity is assigned an emissive flux of zero or 

perhaps the detection limit. This might yield more “well-behaved” emissivity curves. Alternatively, 

using a modified power law, where the threshold friction velocity (u*0) is first subtracted from the 

shear velocity (i.e., F = a(u* − u*0)b ) might be explored. 

Another strategy could be to assume the power fit only for u* values up to 0.607 m/s. For larger u* 

values, emissivity would be assumed to scale linearly with u*, with the slope of the linear 

extrapolation set to match the slope of power law at the 0.607 m/s.8 (This is a strategy borrowed 

from spline regression, in which complex curves are fit by piecing together cubic polynomials, but 

extrapolation beyond the data is strictly linear.) See Figure 1 and 2, below. Under this strategy, the 

emissivity of the northern non-riding area still exceeds that of the central-south riding area at higher 

u* values, but the crossover occurs at slightly higher u* value than with pure power law fit (0.620 vs 

0.618 m/s), and none of the other non-riding areas are predicted to be more emissive than the 

riding areas, even at extreme u* values. 

 
8 The slope of such a line is equal to ab(0.607)b-1, and the intercept is equal to a(1-b)(0.607)b. 
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Conclusions 
The proposed methodology is rational and improves on the previous approach; however, the 

resulting emissivity grids have some counterintuitive properties. Further refinement—or at least 

more discussion and justification—should be undertaken. The most notable issue that must be 

addressed is the low estimated emissivity of the PE, FRA, and SE zones. The SAG proposes to model 

these areas assuming they were more emissive under the pre-disturbance scenario than they are 

today. While emissions from these areas may indeed be lower today due to higher vegetative 

coverage and lower wind shear, the assumption of higher bare sand emissivity seems to defy 

common understanding.  

The SAG and/or State Parks (via their ARWP) should either model these areas assuming PE, FRA, and 

SE emissivity curves for both scenarios (i.e., current and pre-disturbance); mitigate sampling bias in 

the estimation of emissivity curves (perhaps by incorporating the District’s suggestions); and/or 

provide additional discussion justifying why it is reasonable to assume lower bare-sand emissivity 

under the current scenario than the pre-disturbance scenario. 

Finally, we note that as regulators, the District is tasked with protecting public health and the 

environment. When dealing with real-world data and complicated issues such as this, we seek to 

reduce uncertainty whenever possible. However, when forced to select a single value from a range 

of possible values, we must err on the side of protecting public health.  

 

Figure 1: Emissivity Curves, calculated per the SAG Memo. 
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Figure 2: Emissivity Curves calculated per the SAG memo up to u* = 0.607 m/s, with linear extrapolation at higher u* 

values.  


