Proposed Sampling Plan, Yosemite-Stanislaus Forest Change Study

Introduction


This document describes the plan for re-sampling vegetation plots originally sampled in 1911 on the Stanislaus National Forest (SNF) and Yosemite National Park (YNP), the purpose being to document changes in forest structure and species composition that have occurred since that time.  
Background

The background and rationale for the project are contained in proposals and approved contracts to Yosemite National Park and the Yosemite Fund.  Briefly, in the early 20th century, lands of the new US Forest Service in California were sampled fairly intensively to assess their timber volume and hence timber values.  These data were necessary for a nascent timber harvesting program that was to be put in place in the following years.  The survey was both intensive and extensive, systematically sampling about 10% of federal forest lands over very large areas using a series of long belt transects.  The data were demographic in nature; each tree over 6 in dbh was placed into an appropriate diameter class, by species, and an estimate of the height was also made.  Dead trees were also recorded, though not always by species, and usually only for those over 18 or 20 in dbh.  Much of this original data has been lost; only on the Eldorado and Stanislaus National Forests has it been recovered.  Fortunately, some of what is now Yosemite National Park was sampled under the Stanislaus survey in 1911, allowing for a comparison between two fairly different land management mandates and histories. 

We have developed our proposed methods carefully, with four points in mind.  First, our emphasis is extensive and focused at the mid to large spatial scale (i.e. multiple watersheds), rather than intensive and small scale (i.e. “stand” or individual plot).  Second, we are measuring both structural and compositional changes, and the two are sufficiently different in nature that distinct methods are required for the two.  Third, there is some uncertainty in the exact location of the original transects, and this uncertainty must be explicitly accounted for in our work, including the re-sampling work in which the volunteers will participate.  Fourth, as re-sampling studies at a landscape scale are exceedingly rare, appropriate sampling methods are far from standardized, and creativity is thus important.
Sampling strategy in detail
An example of the spatial relations of the transects, and their size and extent, relative to vegetation conditions as observed in an aerial photograph, is shown in Figure 1.  Because our research focus is at a fairly large spatial scale, we would like to make use of the data from as many of the 375 original transects as possible, thereby covering not only the largest geographic area but also the fullest possible range of topographic and climatic conditions and management regimes within the boundaries of that area. (Eventually we hope to include more early data from higher elevation forests outside of this project’s area, but that work is not incorporated into this proposal).  We would thus like to have an estimate of structural and compositional change for as many transects as possible.  However, vegetation sampling is time-consuming work: the effort involved in sampling approximately 1500 acres of forest and brushland vegetation is enormous, given the types and number of attributes for which we need to collect data.  Moreover, as mentioned, we do not know with perfect accuracy the location of the original transects (more on this below).  This uncertainty would normally require that we also sample in areas just outside of our best estimate of the locations of the original transects, thereby providing error estimates for vegetation change that incorporate this spatial uncertainty.  However, this requirement increases the required sampling effort approximately three-fold.  To avoid this, we have settled on the following strategy, the aim of which is to provide an estimate of structural change for each of the 375 transects in the data set without requiring years of data collection at enormous cost, while also providing an estimate of compositional change for a subset of the transects.

(1) Structural change


Our strategy for estimating structural change throughout the project area will be to (1) stratify the project area into several clearly defined strata, (2) systematically place a number of sampling plots within those strata, in order to statistically characterize each with respect to the vegetation attributes of interest, and (3) characterize the present condition of each transect based on the strata and their associated ground plot data, while simultaneously incorporating the uncertainty of the exact transect locations into these calculations.  These steps, and their rationale and details, are discussed in turn below.


We will stratify the entire project area using computer-based, non-supervised classification of satellite imagery, specifically 5m resolution black and white imagery from the Indian Resources Satellite (IRS), for which we have complete coverage of the area.  We believe, based on literature reviews (e.g Lark 1996, Ryherd and Woodcock, 1996, Pesaresi 2000), discussions with the US Forest Service’s Region 5 Remote Sensing Lab (RSL), and our own preliminary image analyses (Bouldin, in preparation), that the imagery is fully capable of being effectively stratified into distinct forest structural categories.  These categories, or strata, correspond roughly to the intensity and spatial pattern (i.e. texture) of canopy vegetation reflectance values (Lark, 1996).  It is possible that an even more effective stratification may be obtained by incorporating 30m multispectral (Thematic Mapper, TM) imagery into the classification procedure, and we will run trials to see if this appears to be the case, with the assistance of RSL vegetation mapping professionals.  The RSL has developed procedures for merging the 5m and 30m imagery and stratifying large landscapes with the advanced image analysis program eCognition (Definiens, 2003).  We have used these products and techniques to perform several preliminary stratifications of the study area.  However, even without these advanced software tools, our preliminary analyses using just the IRS 5m imagery and standard GIS and statistical software, show that effective landscape stratification is achievable.


Within each resulting stratum a number of small, fixed area plots (described below) will be systematically placed, the number being proportional to the area occupied by that stratum in the project area.  We favor systematic rather than random plot placement for both practical and analytical reasons.  In terms of practicality, accurate georeferencing of each plot is much more quickly accomplished using a systematic approach, and accuracy is highly important since we must know precisely which stratum polygon each plot falls in.  Our experience shows that a random sampling approach requires separate GPS readings for each plot, as well as significantly more time navigating between plots, often with many more GPS readings necessary.  These are significant time sinks in sampling large, densely forested areas such as ours.   A systematic system requires only one GPS reading in a local area for a set of plots, most plots being referenced to an initial, GPS-referenced plot via distances and bearings measured on the ground from that plot.  These distances and bearings are much more quickly determined than are positions of plots in a purely random sampling scheme.  Secondly, and from an analytical perspective, a systematic placement of plots allows for spatial analyses that have suitable sample sizes over a wider range of separation distances between plots (Krebs 1999, Dale, 1999).  

Rather than placing the plots throughout the project area, without respect to transect locations, they will be located along the boundaries of the most likely position of a random subset of the original transects.  The purpose of this is to meet the dual needs for estimates of both structural and compositional change (the latter described in section 2 below).  The vegetation attributes of primary importance to us include the diameter, height, and species of each live tree over six inches diameter at breast height (dbh), and the number of dead trees by diameter class.  Clearly, the density of some classes of trees will be expected to have higher standard errors within particular strata than will other classes, not only because of natural variation, but also because spatial stratification of the landscape using image analysis depends entirely on the characteristics of the sun-exposed portion of the canopy.  Since understory trees do not, by definition, contribute useful information to this procedure, density values for them are expected to be more variable within strata than are values for the canopy trees.  However, the stratification does allow us to partition the landscape with respect to the larger trees that dominate the canopy in many places, and density values for these larger classes is very important information.  It may be necessary to establish additional plots in some strata in which only small trees are sampled if standard errors for this class are too high, or for any other size classes with unacceptably high standard errors.



We will use fixed area plots rather than plotless sampling techniques since plotless techniques, which require measuring distances between fixed points and individual trees, can be very time-consuming, especially in very low density areas, such as clearcuts and brushfields (common on the Stanislaus).  Also, distant trees sometimes may not fall within the bounds of an area proscribed for sampling, such as a defined stratum polygon, as we are dealing with in this study.  The plots themselves will be circles having a radius of 3m.  Numerous small circular plots are preferred over fewer large plots, since a higher density of small plots provides better spatial information.  Although we are not specifically conducting a small scale spatial analysis here, it is a useful by-product of our research requiring only this slight modification in design.  The relatively small size also facilitates the determination of whether individual trees are inside or outside of a plot, given the generally high density of these forests, which makes the use of a tape for measuring distances increasingly difficult with increasing distance.  Lastly, small plots minimize the number of plots which straddle polygon boundaries, a distinct concern with the fairly small strata polygons that will result from our stratification procedures.   Within each plot, each live tree over 12 in dbh will be categorized, as in the original data, by diameter (2 in classes) and species.  Dead trees will be classified by diameter only, as per the original recording scheme. 


The last step of our methodology involves the estimation of each transect’s current structure, based on the strata comprising it and the vegetation attribute data for those strata, as obtained from the collection of ground plots.  It is at this stage that we also specifically account for uncertainty in location of the original transects.  We do this by altering our estimate of the original location of each transect, by altering the starting point, stopping point and/or bearing of its long axis (a line that runs lengthwise through the middle of the transect).  Our estimate of these points and bearings are based on our knowledge of the methods used to place the original transects, which were based on the Public Land Survey System’s (PLSS) section and quarter corner locations.  However, this knowledge is also not perfect (for example, we do not know which corners the original samplers could not find and therefore estimated the locations of, nor can we know things such as how much error in travel bearing or distance was introduced by their navigational and surveying equipment, or exactly how each section was subdivided into approximately 40 acre parcels) and the samplers did not monument the transects with long term markers of any kind.  We must therefore make some assumptions on the amount of error that could reasonably have resulted from the sources of uncertainty just mentioned.

An illustration of one example of how a transect location could vary from our estimate of its most likely location is given in Figure 3; other possibilities exist as well.  Since the transects are long and narrow (132 ft wide by 1320 ft long), an error in the actual location of the long axis of this rectangle creates a much greater error in area than does an error in the location of the short axis.  For example if the long axis is displaced by 66 feet (but parallel to its original orientation), only 50% of the two resulting rectangles’ areas are in common, whereas if the short axis is displaced by the same distance, 95% of the two resulting areas are in common.  Therefore, we will vary the possible location of the original transect by shifting the long axis 132 feet (one transect width) to one side or the other of our best estimate of its location (similar to Fig 3 but shifting the midpoints of both ends of the transect instead of just one).  Again, this sampling strategy is driven by the desire to provide an estimate of change for each transect without having to sample the actual area covered by all possible locations of all transects.


Since planned restoration activities are always site-specific, an estimate of change for each transect could be important to restoration specialists within the managing agencies.  This quantification of change for each individual transect will be performed on a probabilistic basis.  That is, for each structural variable, each transect’s original value is compared against a probability distribution of the present values.  The distribution of present values is the result of the combined effects of different possible locations of the original transect (which creates different relative areas occupied by the strata within them, e.g. Fig. 2) and the sampling procedure employed (which characterizes each stratum based on the plot data collected within it).  As an example, let us say that for transect x the density of trees over 30 in dbh in 1911 was eight trees per acre.  We account for our locational uncertainty of the original transect’s actual location by placing (in a GIS exercise) three transects side by side, contiguous, non-overlapping and parallel to each other (the center transect representing our best estimate of the actual location, and the two adjacent transects representing “errors” in which the long axis is shifted 132 feet, but parallel to the long axis of the middle transect).  The landscape has already been exhaustively stratified into ten strata, so each of the three “possible” adjacent transects is subdivided into varying proportions occupied by these ten.  In the simple case of a transect (e.g. the center transect) being equally divided among the ten, and with 80 plots per stratum, that transect is characterized statistically by the data from 800 plots (10 strata X 80 plots/stratum).  Each adjacent transect is similarly characterized base on the proportion occupation of the strata polygons within it, resulting in a probability of distribution of values for the collection of three transects, upon which the likelihood of change is then based.  Thus, if 600 (75%) of the plots in one transect had less than the original density value (8 trees per acre), then this figure becomes our estimate of the likelihood that the density of trees in that diameter class has decreased on that particular transect over time.


Statistical analysis of groups of transects provides the landscape perspective on change that we are most interested in, and is more straightforward.  Such groups might represent those with similar original composition or structure, management regime or similar topographic position.  These comparisons will be made using standard t-tests or ANOVA since more than one transect is being compared (Krebs, 1999).  Of course, this requires that for any given structural variable, a single value be assigned to each transect rather than a probability distribution. Each individual transect’s value would then be computed as the mean of the distribution of possible values obtained in the procedure described above.

(2) Compositional change


We will not estimate compositional change using the same methods employed for structural change, because, unlike structural information, our stratification methods are unlikely to delineate distinct compositional differences between strata.  That is, species composition is not nearly as well correlated with reflectance characteristics in the IRS and TM imagery as is vegetation structure.  The only effective means for estimating changes in species composition is therefore to re-sample a subset of the original transects directly, a method that is somewhat at odds with our goal and methods for estimating structural change for the entire collection of transects.  Therefore, to meet the dual goals of estimating both structural and compositional change, we will locate all plots described above systematically along the boundaries of our best estimate of the location of a subset of the original transects (Fig. 2), as described above.  In this way, compositional changes are estimated for this subset of transects directly, by the plots located within them, while structural changes for the entire set of transects is estimated by the methods described above.  Thus, the plots are not located throughout the entire project area, as would be the case if only structural changes were being assessed, but are constrained to fall along estimated original transect boundaries to provide an estimate of compositional change as well (Fig 2).  The number of transects sampled in this way will be determined by (as yet uncertain) available financial and human resources and by the desired standard errors for the structural variables.  We expect this latter number to be approximately 60 to 80.  At an average of twenty plots per transect, this results in roughly 1200 to 1600 total sample plots. 

The choice of transects to be sampled will be random throughout the project area, with the caveat that about equal numbers will be placed inside and outside the national park boundary (thus a higher relative percentage will be placed in Yosemite NP, since over 80% of the original transects are located on what is now the Stanislaus NF).  The reason for this is that the Yosemite transects are more informative from a cause and effect analysis standpoint.   There are numerous plots within the park that have apparently been logged very lightly or not at all, and which also have a known modern fire history.  In contrast, Stanislaus NF plots have experienced all manner and intensity of generally undocumented logging and fires.  Although still useful for quantifying overall forest change, such plots are not nearly as helpful in terms of quantifying the effects of fire suppression alone (or, in some cases combined with controlled burns or wildfires), without the compounding effects caused by timber harvesting.  The sample plots located in them are then combined with the strata information into which they fall, to provide estimates of structural change not only for those transects, but for the entire set of 375 within the project area.

(3) Summary


To review, we will be estimating structural changes for all 375 original transects and compositional changes for a subset of approximately 60 to 80.  These estimates will both result from the data collected on a large set of small, circular plots systematically placed at (or very near) the original boundary location of the subset of transects.  However, the methods used to estimate changes in structure are different from those used to estimate compositional change.  The former is based on a complete stratification of the study area, with each transect therefore being segmented into varying proportions of the resulting strata, and each stratum characterized by the collection of plots falling within it.  However, because our stratification methods are unlikely to effectively stratify the vegetation based on species composition, we are estimating compositional change by locating all sample plots near the original location of a subset (60 to 80) of the transects.  Thus, structural change is estimated on a probabilistic basis for all 375 transects, while compositional change is estimated directly for a smaller subset.
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Figure 1.  An exemplary area showing the size, extent and pattern of transect locations relative to varying vegetation structural classes discernible from an aerial photograph.  Individual transects are 1320 ft long and 132 ft wide.

[image: image2.wmf]3

0

0

0

3

0

0

6

0

0

9

0

0

1

2

0

0

1

5

0

0

1

8

0

0

2

1

0

0

2

4

0

0

2

7

0

0

3

0

0

0

F

e

e

t


Figure 2.  Example illustration of four transect boundaries overlain on a color-coded spatial stratification of the vegetation (in this case, representing five distinct strata).  Black dots represent systematically placed circular plots of 3m radius spaced 132 ft apart along the boundaries of our most probable estimate of the location of the original transect.  Note that small plots minimize the problem of plots straddling polygon boundaries.
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Figure 3.  One example of altering the position of a putative original transect location to account for spatial uncertainty in its actual location.  In this case, the midpoint of one of the short sides of the most likely transect (thick yellow line) has been shifted 132 ft south, while the midpoint of the opposing side remains unchanged.  Other possible alterations are possible of course, such as shifting the center line 132 ft but parallel to the original.
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