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Background 

Ozone Moved Off-Frame. In November of 1999 the FHM Management Team requested an off-frame proposal for the ozone indicator from Gretchen Smith, Bill Burkman, and Ken Stolte. The need for an off-frame approach to ozone sampling developed as a result of the change in administration of the P3 grid from FHM to FIA. There are certain sampling requirements for the ozone indicator that made it difficult to implement on the P3 grid using traditional FIA crews. The original proposal was designed to remove all tasks associated with ozone sampling from the P2/P3 crew and plot system. However, the proposal was found to be inadequate, primarily because it did not meet the needs of the FIA Management Team for an entirely objective plot allocation mechanism that would, in turn, allow for a fair and equitable determination of plot costs.

The FIA strategic plan includes ozone sampling in the base federal program and budget projections, and recognizes the financial obligation of FIA to fund ozone sampling at a rate approximately equal to that of all other P3 indicators. The new grid is designed with this in mind and generates a total number of ozone sample sites that does not exceed the FIA budgeted number.

New Grid Requested.  In the fall of 2000, at a joint FHM and FIA Management session, a new request was formulated for an Ozone Sampling Team (OST) that would develop a new national ozone grid. OST participation included Bill Smith (Stat Band Representative), Gretchen Smith (Indicator Advisor), and Dave Heinzen, Charlie Burnham, and Sally Campbell (Management Team Representatives). The OST devised a justification for the new grid and made a number of recommendations on procedure to help guide grid construction. Bill Smith was primarily responsible for the actual construction of the grid.  The new grid was finalized in February 2001 and has been undergoing scrutiny by various FHM and FIA groups since that time. Although generally accepted by the FIA Management Team, it became apparent in July 2001 that full documentation of the procedures used to construct the grid was needed to ensure that other individuals could construct the grid and that the methods used were statistically sound.  

New Grid Provides Index of Ozone Stress Across Landscape. The goal of the ozone indicator in FIA is to provide a biological index of ozone stress in the forest environment using a consistent protocol on a nation-wide system of biomonitoring plots. Biomonitoring is based on the documentation of visible foliar injury to known ozone-sensitive plant species under conditions of ambient exposure (USDA Forest Service 2000).   Results from the national grid of ozone biomonitoring plots are used to quantify regional trends in ozone stress in terms of significant changes in the number and distribution of biomonitoring plots with ozone injury and increases or decreases in the injury severity index.

From 1990 through the 2001 field season, ozone biomonitoring sites have been located in close proximity to the forested ground plots on the P3 grid, with a small number of plots added off the grid in certain areas. This has frequently led to sampling conditions that did not meet quality assurance guidelines. In contrast, the new ozone grid has been developed specifically for the biomonitoring work. It will allow greater flexibility in plot location on the ground and greater sampling intensity in areas believed to be at high risk for ozone impact.  The ozone injury index will be analyzed by region or forest type in a similar manner to ambient air quality statistics. In this sense, the index will be used to create a spatial response surface such that index values can be predicted for all P2 and P3 plot locations. 

OST Supports The Following Decisions Made By FIA Management:

1. FIA will provide budgetary support for the ozone indicator at a rate approximately equal to a national total of 1,239 ozone plots or, 1 ozone plot for every 500,000 acres of forestland. Assumption: same level of funding as other P3 indicators.
2. Ozone plots will be distributed across the landscape to cover both the more remote and expansive forests away from population centers and the more fragmented forests located in close proximity to urban areas.

OST Recommendations On The Revised Ozone Sampling Grid

1. Ozone biomonitoring plots will be stratified nation-wide according to (1) differing air quality regimes that are derived from the best available ambient air quality data, and (2) the potential loss due to ozone damage. Areas are considered at risk of ozone impact when the percent forest is greater than 7.5 percent and composed of forest types or soil/site conditions understood to be susceptible to ozone stress. The strata are defined as follows:

· Stratum 1 will cover those areas understood to be relatively clean in terms of ozone air quality.

· Stratum 2 will cover those areas subject to periodic high ozone concentrations due to location along the known long-range transport corridors for ozone pollution. 

· Stratum 3 will cover those areas easily identified as in violation of the National Ambient Air Quality Standard set to protect plant health from ozone pollution.

· Stratum 0 will cover those areas with less than 7.5 percent forest.

2. The sampling intensities for the different strata will come close to the following:

· Stratum 1 represents low risk and the minimum sampling intensity for any state or region:  1 ozone site: 1,000,000 acres of forestland.

· Stratum 2 represents moderate risk and the core sampling intensity for any state or region:  1 ozone site: 500,000 acres of forestland

· Stratum 3 represents high risk and the maximum sampling intensity for any state or region: 1 ozone site: 250,000 acres of forestland.

· Stratum 0 represents areas with less than 7.5 percent forest. This will provide minimal sampling intensity for areas with small but important forests such as riparian forests and shelterbelts: 1 ozone site: 5,000,000 acres of total area.

3. Additional criteria will be used to adjust and finalize plot allocations within each stratum as follows: 

· No state will have less than 5 ozone plots

· Sampling intensity will be reduced to 1 plot per 1,000,000 forested acres in areas where ozone concentrations are low and/or tolerant genotypes exist, for example, in the pinyon-juniper forest type. 

· Sampling intensity will be increased to 1 plot per 250,000 forested acres in forest types that include ozone sensitive tree species and are adjacent to high-risk areas. 

4. In addition, the OST recommends that, once the ozone sampling grid has been approved, ozone plot location on the ground will be deliberately chosen, first for ease of access, and secondly for optimal size, species and plant counts. The new grid is intended to maximize the quality of each plot with respect to these factors. Existing ozone plots on the FIA grid are maintained only if they are quality sites in terms of access and plant counts.

The following table describes the field protocol used to select the ozone biomonitoring site. Generally, the best site has easy and safe access to an opening greater than 3 acres in size with equal to or greater than 30 individuals of 3 or more ozone sensitive species growing in relatively good soil with no obvious or significant disturbance. It is expected that FIA cooperators responsible for ozone data collection on the new grid will have state maps of the grid locations provided to them with supplementary detail on roadways and other useful markers for site selection. 

	
	First Choice
	Second Choice
	Third Choice

	Access:
	Easy
	             -
	            -

	Size of the Opening:
	greater than 3.0 acre (1.2h)

wide open area; <50% crown closure
	greater than 1.0 acre (0.4h) 

wide open area
	long narrow or irregularly sized opening

	Numbers of plants:
	more than 30 individuals of 3 or more species
	more than 20 individuals of 2 or more species
	More than 30 individuals of 1 species

	Soil/Site Conditions:
	Wet or damp area; riparian zone; 

low drought potential; good fertility

no significant disturbance or obvious soil compaction
	low drought potential

adequate fertility

minimal disturbance
	site conditions not favorable; e.g., exposed or rocky area; shallow/dry soils

	Distance from P3 ground plot:
	(not a factor) may be on or close to or some distance away from the P3 plot
	              -
	            -


Note:  The biosite may be located anywhere within the hexagon, keeping ease of access and high plant counts as top priorities in the site selection process. Every effort will be made to use an existing site within the hexagon that meets the easy access and high species and plant counts criteria.

Note: The field methods for site selection, as well as all other procedures for the ozone indicator, have been peer-reviewed (Smith 1995).

5. The ozone grid will consist of a single panel of ozone biomonitoring plots that will be measured annually. FIA analysts will examine this approach after 3 years of data collection and make a follow up recommendation on whether to continue or change to a 5-year rotating panel.

6. The 3 year review will also be used to re-examine national air quality statistics to determine if sampling intensities need to be increased or decreased in any state or region. This will maintain the intended correspondence between grid design and distribution of ozone concentrations across the U.S.

7. As a final note, the OST emphasizes that the ozone grid and biomonitoring field procedures are designed to meet FIA program objectives for detection monitoring.  The biosite data may be used to characterize the percent of forest land subjected to phytotoxic levels of ozone pollution across a region or forest type, but it cannot be used to quantitatively assess air quality or be used alone to make definitive statements about forest health. 

Purpose of the New Grid

The purpose of the grid is to produce a response surface of ozone damage to indicator plants.  It is purposive both at the grid level and at the ground level (as described in item 4 above). Only geostatistical methods (as discussed below), rather than sampling statistics, will be applied.

The ozone biomonitoring grid is a large scale monitoring system designed to report regional and national trends in plant injury from ozone and identify areas where there may be potential problems and closer examination is warranted.  Independently, the information gathered at ozone biomonitoring sites identifies whether conditions exist (ozone, light, moisture, relative humidity) for plant injury to ozone to occur.  This information alone can be used to report regional and national trends in ozone injury to plants.  Identifying areas of interest requires additional information because this monitoring grid is decoupled from the P3 plots.  As a result, spatial interpolation 

techniques may be used to predict ozone injury, in an absolute or probabilistic sense, on P3 plots.  Interpolation techniques such as universal kriging and spatial regression show great promise when there is a valid spatial component to the system.  

For finer scale and/or correlative analysis, the appropriate analytical technique and explanatory variables depend greatly on the spatial scale of interest.  For large-scale analysis, climate information and ambient ozone levels may be an important covariates in analysis.  For smaller scale analysis, terrain position, elevation, aspect, soil drainage and soil depth may also be important explanatory variables.  It is important to note that the proposed ozone biomonitoring grid is designed to be a first pass monitoring system and therefore the maximum analytical spatial resolution is set.  Though ozone biomonitoring sites and P3 plots are not co-located, information about potential covariates is accessible and analytical techniques exist to report regional and national trends and identify areas of interest where follow up investigations are warranted.  

Procedures on Construction of the Grid

Determination of Grid Size

Construction of the sampling grid based on the EMAP design (White et al, 1992) requires 1) delineation of the population into sampling units based on the likelihood of ozone damage (i.e. susceptible forest types and level of ambient ozone) and 2) reduction (de-intensification) of the EMAP base grid such that the expected number of forested acres in each hexagon by strata contains the number of acres indicated in objective 2 of the OST recommendations above. 

The initial hexagon size was determined in two steps.

Step 1.

1.  An ozone exposure map was developed from spatially interpolated SUM60 (numbers of hours greater than 60 ppb) ozone exposure values derived from the US EPA AIRS database (1994 to 1999) using inverse distance squared weighting and projected violation areas (A.S.L. & Associates 2000) for the proposed standards of the clean air act. The strata were assigned on a county level using the criteria in objective 1 of the OST recommendations (Figure 1).

2. A Forest Type map (Figure 2) was downloaded from <http://fia.fs.fed.us/> (Zhu, Z. and Evans, D.L. 1994). Since the sample size is based on the number of plots per forested acre rather than total area it was necessary to calculate the percent forest in each strata and than calculate the equivalent total area that would contain the appropriate number of forested acres.  The forested acres per strata was determined by overlaying the forest type map over the ambient ozone map and determining the number of forested acres per total acres for each stratum by tabulating the number of forest and nonforest pixels in each county.

The expected number of forested acres and total acres by stratum on a county basis is presented below: 

All Acres x 1000

	Stratum
	Acres


	Forested Acres


	Number of Plots
	Forested Acres per Plot 
	Total Acres per Plot
	Percent per Plot

	0
	645,998     
	12,708      
	13
	1,000
	50,833
	1.9672

	1
	281,886
	168,264
	168
	1,000
	1,689
	59.6922

	2
	701,018
	337,373
	675
	500
	932
	48.1262

	3
	293,383
	154,438
	618
	250
	577
	52.6404


Since strata 3 requires approximately 577 thousand total acres per hexagon to meet the 1 plot per 250 thousand forested acres, an initial sampling unit of 627,380-acre hexagons was selected for stratum 3. (This procedure will be discussed in detail below).

Step 2.

Procedures 1 and 2 from above were repeated on a 627,380-acre hexagon rather than a county basis (Figure 3). This minimizes the effect of the spatial distribution of forested areas in determining the percent forest. Percent forest was used to create a fourth stratum: areas with less than 7.5 percent forest or over 90 percent of the forest type in Pinyon-Juniper, which is not sensitive to ozone. This resulted in a required hexagon area of:

                                     Stratum 1 - 1,689,315 acres

                                     Stratum 2 -    932,694 acres

                                     Stratum 3 -    577,983 acres

Stratum 0 was assigned an arbitrary size of 5,000,000 acres.

The structure of the hexagonal grid limits the area per hexagon to finite hexagon areas. The base EMAP grid was reduced (de-intensified) to obtain a grid size closest to the target area per plot presented above. This resulted, as explained in the following section, in hexagon areas and reduction factors of:

Stratum                Hexagon area         Reduction Factor
     0                        5,736,046                   1/36.6

     1                        1,434,011                   1/9.1

     2                        1,115,342                   1/7.1

     3                           627,380                   1/4

Development of the Grid

The analytical development of the sampling grid requires an understanding of how the EMAP grid was originally developed, specifically the enhancement (intensification) and reduction (de-intensification) procedures and interpretation of the Hierarchical ID. The key to reduction is the Hierarchical ID. For example, stratum 3 is a 1/4 reduction. The initial EMAP grid was created by a 3*3*4*4*4*4*4 enhancement of the North American hexagon (White et al, 1992). The grid presented in figure 5 consists of 28 points from the base grid and their Hierarchical ID's. The last enhancement of the base grid was 4 (3*3*4*4*4*4*4). A 1/4 reduction is obtained by dropping all points not having a 0 in the first digit to the left of the decimal point in the hierarchical id, i.e., keeping 1 out of 4. For example the 2 northern most points in Figure 4 have Hierarchical ID’s of 3021002.00000000 and 3021000.00000000. The first point is not part of the 1/4 reduction (the first digit to the left is 2) but the second point is. This is further illustrated in Figures 5a and 5b. 

(The digits to the right of the decimal point indicate the enhancement of the base grid. The P2 grid is a 27X enhancement of the P3 grid. An example of a Hierarchical ID of a P2 plot might be 3021002.22200000 i.e., the second enhancement of the second enhancement of the second enhancement of the P3 point 3021002.00000000)

Other strata are constructed similarly. However in addition to initial reduction, subsequent enhancement is required to attain the desired grid size.

Stratum 2 is approximately a 1/7 reduction. Dropping all points not having a 0 in the first 3 digits to the left of the decimal point (In Figure 5 all points but 3021000.00000000) results in a 1/64, i.e. 4*4*4 = 64, reduction. Enhancing the resultant grid by a factor of 9 gives a 9/64 = 1/7.11 enhancement. 

Algorithms for enhancement are presented in White et al, 1992. The following is the procedure for 7X enhancement. The process is illustrated in Figures 6a and 6b.

The base point 3021030.000000000 is located at (x, y) coordinates (-398879, 770161). The base grid is oriented 19.1 degrees (α) off the horizontal (filled circles). The distance between points is 54742. Rotating the grid using: 
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And subtracting (-398879, 770161) from each point gives a grid (open circles) oriented east-west on the x-axis with the base point located at (0, 0) (Figure 6a). 
Six additional points are added at (5/14,
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)  (Figure 6b).

The (x, y) coordinates are then multiplied by the distance between the base points and rotated back to the original orientation using:
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Adding (-398879, 770161) to (x, y) translates the grid back to its original location with 7X enhancement.
Stratum 1 is approximately a 1/9 reduction. Dropping all points not having a 0 in the first 3 digits to the left of the decimal point gives a 1/64 reduction. Enhancing the resultant grid by a factor of 7 gives a 7/64 = 1/9.14 enhancement.

Stratum 0 is approximately a 1/36 reduction. Dropping all points not having a 0 in the first 4 digits to the left of the decimal point gives a 1/256 reduction. Enhancing the resultant grid by a factor of 7 gives a 7/256 = 1/36.57 enhancement

Plot Center Locations

The respective grids were intersected with the ozone exposure/percent forest map to                     produce the final grid. Stratum assignment was based on the location of the hexagon center. Inclusions within strata were included in the surrounding strata to maintain as much uniformity as possible in the grid. Examples are presented in Figures 7a and 7b.  

The proposed grid is presented in Figure 8 and summarized in Table 1.  The changes in the allocation of plots from the current to the proposed grid are listed in Table 2. The Mid-Atlantic, Coastal New England, Appalachian, Lake States, and California will gain plots. The Northern New England, Western Gulf States, Rocky Mountain States, and Pacific Northwest States will lose plots.
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Attached Tables
Table 1. Summary of number of plots by region. This table is a comparison of the number of plots based on the proposed grid compared to the number under the current protocol.
Table 2. Summary of number of plots by region by Strata.  This table lists the number of plots, forested acres per plot, and  total acres per plot per stratum by state. 

Table 3. Number of Polygons With Existing Plots (Based on 1999 Bioindicator Plots). This table provides a rough indication of how many plots would be added and existing plots dropped with the new grid. The estimate is based on the hex center of the existing plots. The actual locations of existing plots will be required to make a more accurate determination. The table also provides the number of indicator species. This indicates how many of the existing plots may be marginal and should be abandoned. 
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