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The following is as a summary of a variety of results derived from the USEPA’s Corvallis, EMAP group’s (and colleagues) research.  It covers research related to the development, implementation, and interpretation of regional scale statistical surveys, and is by no means complete.  It is intended to help identify some future research activities, and to avoid duplication of research already completed, or underway.  Organization is generally by key manuscripts and reports.
Excuse the lack of clear formatting; I cut and pasted from a variety of sources.  
Stevens, D.L., Jr., and Olsen, A.R. (2004), “Spatially balanced sampling of natural resources,” Journal of the American Statistical Association, 99, 262-278.

The spatial distribution of a natural resource is an important consideration in designing an ef. cient survey or monitoring program for the

resource. Generally, sample sites that are spatially balanced, that is, more or less evenly dispersed over the extent of the resource, are more

ef. cient than simple random sampling.We review a unified strategy for selecting spatially balanced probability samples of natural resources.

The technique is based on creating a function that maps two-dimensional space into one-dimensional space, thereby de. ning an ordered

spatial address.We use a restricted randomization to randomly order the addresses, so that systematic sampling along the randomly ordered

linear structure results in a spatially well-balanced random sample. Variable inclusion probability, proportional to an arbitrary positive

ancillary variable, is easily accommodated. The basic technique selects points in a two-dimensional continuum, but is also applicable to

sampling . nite populations or one-dimensional continua embedded in two-dimensional space. An extension of the basic technique gives

a way to order the sample points so that any set of consecutively numbered points is in itself a spatially well-balanced sample. This latter

property is extremely useful in adjusting the sample for the frame imperfections common in environmental sampling.

KEY WORDS: Environmental sampling; Imperfect sampling frame; Monitoring; Non-response; Spatial sampling; Survey design;

Acknowledges shortcomings of simple and stratified random sampling, and systematic sampling for range of environmental resources.  Develops theoretical foundation for a spatially balanced randomized design to overcome these shortcomings.  From the manuscript: “Sampling the gamut of natural resources requires a technique that can select a spatially balanced sample of finite, linear, and areal resources with patterned and possibly periodic responses, using arbitrarily variable inclusion probability with imperfect frame information, in the presence of substantial nonresponse”[emphasis added].  

Stevens, D.L., Jr., and Olsen, A.R. (2003), “Variance estimation for spatially balanced samples of environmental resources,” Environmetrics, 14, 93-610.

Summary 
The spatial distribution of a natural resource is an important consideration in designing an efficient survey or monitoring program for the resource. We review a unified strategy for designing probability samples of discrete, finite resource populations, such as lakes within some geographical region; linear populations, such as a stream network in a drainage basin; and continuous, two-dimensional populations, such as forests. The strategy can be viewed as a generalization of spatial stratification. In this paper, we develop a local neighborhood variance estimator based on that perspective, and examine its behavior via simulation. The simulations indicate that the local neighborhood estimator is unbiased and stable. The Horvitz-Thompson variance estimator based on assuming independent random sampling (IRS) may be two times the magnitude of the local neighborhood estimate. An example using data from a generalized random-tessellation stratified design on the Oahe Reservoir resulted in local variance estimates being 22 to 58 percent smaller than Horvitz-Thompson IRS variance estimates. Variables with stronger spatial patterns had greater reductions in variance, as expected 

Kerywords:.spatial sampling, Horvitz-Thompson, environmental monitoring
Develops a variance estimator that takes advantage of spatial structure or pattern in response variable allowing for increased precision if spatial structure is present.  Results in precision similar to Horvitz/Thompson if no spatial structure.

Diaz-Ramos, S., Stevens, D.L., Jr and Olsen, A.R. (1996) EMAP Statistical Methods Manual.

Rep. EPA/620/R-96/002, U.S. Environmental Protection Agency, Office of Research and

Development, NHEERL-Western Ecology Division, Corvallis, OR.

Methods have been implemented via the spsurvey library (R-based) that can be obtained via www.epa.gov/nheerl/arm.

The following are some earlier publications that laid the groundwork for GRTS and the Stevens and Olsen 2004 manuscript.  

Stevens, Jr., D.L., and A. R. Olsen. (2000). Spatially-restricted Random Sampling Designs for

Design-based and Model-based Estimation. In Accuracy 2000: Proceedings of the 4th

International Symposium on Spatial Accuracy Assessment in Natural Resources and

Environmental Sciences. Delft University Press, The Netherlands. pp. 609-616.
Stevens, Jr., D. L. and A. R. Olsen. 1999. Spatially Restricted Surveys Over Time for Aquatic

Resources. Journal of Agricultural, Biological, and Environmental Statistics 4:415-428.

Stevens, Jr., D.L. 1997 . Variable Density Grid-Based Sampling Designs for Continuous Spatial

Populations Environmetrics. 8:167-195.

A couple of other approaches to implement GRTS have been developed; neither is as flexible as the R-based algorithm:

Theobald, D.M., Stevens, D.L., Jr., White, D., Urquhart, N.S., Olsen, A.R., and Norman, J.B. (2007), “Using GIS to generate spatially-balanced random survey designs for natural resource applications,” Environmental Management, 40, 134-146.
Abstract  Sampling of a population is frequently required to understand trends and patterns in natural resource management because financial and time constraints preclude a complete census. A rigorous probability-based survey design specifies where to sample so that inferences from the sample apply to the entire population. Probability survey designs should be used in natural resource and environmental management situations because they provide the mathematical foundation for statistical inference. Development of long-term monitoring designs demand survey designs that achieve statistical rigor and are efficient but remain flexible to inevitable logistical or practical constraints during field data collection. Here we describe an approach to probability-based survey design, called the Reversed Randomized Quadrant-Recursive Raster, based on the concept of spatially balanced sampling and implemented in a geographic information system. This provides environmental managers a practical tool to generate flexible and efficient survey designs for natural resource applications. Factors commonly used to modify sampling intensity, such as categories, gradients, or accessibility, can be readily incorporated into the spatially balanced sample design. 

McDonald, T.L., (2004), GRTS for the Average Joe: A GRTS Sampler for Windows. http://www.west-inc.com/biometrics_reports.php .

Abstract: Generalized random tessellation stratified (GRTS) samples are useful spatial sampling designs for a number of reasons. But, actually drawing a GRTS sample can be so complicated that some practitioners opt for a simpler design. In this paper, I describe a computer program designed to draw GRTS samples of discrete sample units that are located in either 1-dimension or 2-dimension. This program, S-Draw, is a Fortran-based application that will run on any computer running a Windows operating system. The GRTS sampling program reads a sample frame from a standard ASCII file, and writes the sample in another ASCII file. While the existence of this program will not illuminate the theoretical details and justification of GRTS samples, it will, I hope, make drawing a GRTS sample accessible to non-statistically inclined researchers.

Other design related manuscripts:
Stevens, Jr., D.L. (2006). Spatial properties of design-based versus model-based approaches to

environmental sampling, pp. 119-125 in Proceedings of Accuracy 2006: The 7th international

symposium on spatial accuracy assessment in natural resources and environmental sciences.

Instituto Geographica Portugales, Lisboa, Portugal. 908 pp.

Larsen, D.P., A.R. Olsen, and D.L. Stevens, Jr.  Accepted.  The concept of a master sample and iits use as a framework for integrating stream monitoring programs.  Journal of the Agricultural, Biological, and Environmental Statistics.
Abstract

The need for aquatic resource condition surveys at scales that are too extensive to census has increased in recent years.  Statistically designed sample surveys are intended to meet this need.  Simple or stratified random sampling or systematic survey designs are often used to obtain a representative set of sites for data collection.  However, such designs have limitations when applied to spatially distributed natural resources, like stream networks.  Stevens and Olsen (2004) proposed a design that overcomes the key limitations of simple, stratified random or systematic designs by selecting a spatially balanced sample.  The outcome of a spatially balanced sample is an ordered list of sampling locations with spatial distribution that balances the advantages of simple or stratified random samples or systematic samples.  This approach can be used to select a sample of sites for particular studies to meet specific objectives.  This approach can also be used to select a “master sample” from which sub-samples can be drawn for particular needs.  At the same time, these individual samples can be incorporated into a broader design that facilitates integrated monitoring and data sharing.

Status estimation:

Kincaid, T.M., D. P. Larsen, and N.S. Urquhart.  2004.  The structure of variation and its influence on the estimation of status: Indicators of condition of lakes in the Northeast, U.S.A.  Enviromental Monitoring and Assessment 98:1-21.

Abstract. One goal of regional-scale sample surveys is to estimate the status of a resource of interest

from a statistically drawn representative sample of that resource. An expression of status is the

frequency distribution of indicator scores capturing variability of attributes of interest. However,

extraneous variability interferes with the status description by introducing bias into the frequency

distributions. To examine this issue, we used data from a regional survey of lakes in the Northeast

U.S. collected by the U.S. Environmental Protection Agency’s Environmental Monitoring and

Assessment Program (EMAP). We employ a components of variance model to identify sources of

extraneous variance pertinent to status descriptions of physical, chemical, and biological attributes

of the population of lakes in the NE. We summarize the relative magnitude of four components of

variance (lake-to-lake, year, interaction, and residual) for each indicator and illustrate how extraneous

variance biases the status descriptions. We describe a procedure that removes this bias from the

status descriptions to produce unbiased estimates and introduce a novel method for estimating the

‘cost’ of removing the bias (expressed as either increased sampling uncertainty or additional samples

needed to achieve the target precision in the absence of bias). We compare the relative magnitude

of the four variance components across the array of indicators, finding in general that conservative

chemical indicators are least affected by extraneous variance, followed by some nonconservative

indicators, with nutrient indicators most affected by extraneous variance. Intermediate were trophic

condition indicators (including sediment diatoms), fish species richness and individuals indicators,

and zooplankton taxa richness and individuals indicators. We found no clear patterns in the relative

magnitude of variance components as a function of several methods of aggregating fish and

zooplankton indicators (e.g., level of taxonomy, or species richness vs. numbers of individuals).
Faustini, J.M, and P,R. Kaufmann.  2007.  Adequacy of visually classified particle count statistics from regional stream habitat surveys.  Journal of the American Water Resources Association 43:1293-1315. 
ABSTRACT: Streamlined sampling procedures must be used to achieve a sufficient sample size with limited resources in studies undertaken to evaluate habitat status and potential management-related habitat degradation at a regional scale. At the same time, these sampling procedures must achieve sufficient precision to answer science and policy-relevant questions with an acceptable and statistically quantifiable level of uncertainty. In this paper, we examine precision and sources of error in streambed substrate characterization using data from the Environmental Monitoring and Assessment Program (EMAP) of the U.S. Environmental Protection Agency, which uses a modified ‘‘pebble count’’ method in which particle sizes are visually estimated rather than measured. While the coarse (2u) size classes used in EMAP have little effect on the precision of estimated geometric mean (Dgm) or median (D50) particle diameter, variable classification bias among observers can contribute as much as 0.3u, or about 15-20%, to the root-mean-square error (RMSE) of Dgm or D50 estimates. Dgm and D50 estimates based on EMAP data are nearly equal when fine sediments (<2 mm) are excluded, but otherwise can differ by up to a factor of 2 or more,

with Dgm < D50 for gravel-bed streams. The RMSE of reach-scale particle size estimates based on visually classified particle count data from EMAP surveys, including variability associated with reoccupying unmarked sample reaches during revisits, is up to five to seven times higher than that reported for traditional measured pebble counts by multiple observers at a plot scale. Nonetheless, a variance partitioning analysis shows that the ratio of among site to revisit variance for several EMAP substrate metrics exceeds 8 for many potential regions of interest, suggesting that the data have adequate precision to be useful in regional assessments of channel morphology, habitat quality, or ecological condition.
Jean-Yves Courbois1,4, Stephen L. Katz1,5, Daniel J. Isaak2, E. Ashley Steel1, Russell F.Thurow2, A. Michelle Wargo Rub1, Tony Olsen3, and Chris E. Jordan1.  In Press.  Evaluating probability sampling strategies for estimating redd counts: an example withChinook salmon (Oncorhynchus tshawytscha).  Canadian Journal of Fisheries and Aquatic Sciences

Abstract

Precise, unbiased estimates of population size are an essential tool for managing a fishery where the target species abundance is perilously close to zero.  Population estimates are developed by inference from a sample of the population and these samples often consist of nest, or redd, counts for many salmonid fishes.  Despite their ubiquity, however, little guidance exists regarding the design of optimal sampling strategies.  Using a dataset of georeferenced Chinook salmon (Oncorhynchus tshawytscha) redds, we evaluated the accuracy, precision, and cost of strategies to estimate total redd abundance.  We evaluated two sampling-unit sizes (200-, and 1000-meter reaches), three sample proportions (0.05, 0.10, and 0.29), and six sampling strategies across a range of redd densities and spawning distributions.  None of the strategies was always optimal, but accuracy generally increased with number of redds, sample proportion, and smaller sampling units.  For years with few redds, a stratified sampling strategy was most precise, whereas systematic strategies were most precise for years with more redds.  Cost function analysis suggested that inexpensive strategies were best for years with few redds and expensive, but precise, strategies were best for years with more redds.  Our results highlight the many factors that affect redd sampling strategies and can be used to improve these strategies.
Trend:
Urquhart, N.S., S.G. Paulsen, and D.P. Larsen.  1998.  Monitorng for policy-relevant regional trends over time.  Ecological Applications 8:246-257.

Abstract. The term trend describes the continuing directional change in the value of

an indicator, generally upward or generally downward. Many policy questions concern trend

across a number of sites, such as lakes in a region, rather than trend at a single site. Power

to detect regional trend seldom is discussed, and monitoring designs suitable for detecting

such trends rarely are explored. Components of variance and temporal sampling designs

play central roles in characterizing trend detection. We present relative numerical values

of important components of variance, developed from the Surface Waters component of

U.S. EPA’s Environmental Monitoring and Assessment Program (EMAP) field data, and

use them as a basis for further assumptions of values. We discuss power curves in general

and present them in relation to temporal designs, years of field observation, components

of variance, and the level of trend detected. Revisit designs give adequate power for moderate

trend in 10–15 yr, even when revisits are less frequent than annually.

Key words: components of variance; environmental monitoring; policy-relevant trend; regional
Larsen, D.P., P.R. Kaufmann, T.M. Kincaid, and N.S. Urquhart.  2004.  Detecting persistent change in the habitat of salmon-bearing streams in the Pacific Northwest.   Canadian Journal of Fisheries and Aquatic Sciences. 61:283-291.

Abstract: In the northwestern United States, there is considerable interest in the recovery of Pacific salmon

(Oncorhynchus spp.) populations listed as threatened or endangered. A critical component of any salmon recovery effort

is the improvement of stream habitat that supports various life stages. Two factors in concert control our ability to

detect consistent change in habitat conditions that could result from significant expenditures on habitat improvement:

the magnitude of spatial and temporal variation and the design of the monitoring network. We summarize the important

components of variation that affect trend detection and explain how well-designed networks of 30–50 sites monitored

consistently over years can detect underlying changes of 1–2% per year in a variety of key habitat characteristics

within 10–20 years, or sooner, if such trends are present. We emphasize the importance of the duration of surveys for

trend detection sensitivity because the power to detect trends improves substantially with the passage of years.

Urquhart, N.S., and T.M. Kincaid.  1999.  Designs for detecting trend from repeated surveys of ecological resources.  Journal of Agricultural, Biological, and Environmental Statistics 4:404-414.

Urquhart, N.S., W.S. Overton, and D.S. Birkes.  1993.  Comparing sampling designs for the monitoring of ecological status and trends: Impact of temporal patterns.  In: Statistics for the Environment, eds. V. Barnett and K. F. Turkman.  John Wiley and Sons, New York: pp71-85.

VanLeeuwen, D.M., L.W. Murray, and N.S. Urquhart.  1996.  A mixed model with both fixed and random trend components across time.  Journal of Agricultural, Biological and Environmental Statistics 1:435-453.
A few examples of assessment reports developed from the implementation of the sample surveys:

Stoddard, J.L., A.T. Herlihy, B.H. Hill, R.M. Hughes, P.R. Kaufmann, D.J. Klemm, J.M. Lazorchak, F.H. McCormick, D.V. Peck, S.G. Paulsen, A.R. Olsen, D.P. Larsen, J. Van Sickle, and T.R. Whittier.  In Press.  Mid-Atlantic Integrated Assessment (MAIA)—State of the Flowing Waters Report.  EPA Report EPA 600/R-05/xxx.  U.S. Environmental Protection Agency, Washington, D.C.

Stoddard, J.L., D.V. Peck, A.R. Olsen, D.P. Larsen, J. Van Sickle, C.P. Hawkins, R.M. Hughes, T.R. Whittier, G. Lomnicky, A.T. Herlihy, P.R. Kaufmann, S.A. Peterson, P.L. Ringold, S.G. Paulsen, and R. Blair.  2005.  Environmental Monitoring and Assessment Program (EMAP): Western Streams and Rivers Statistical Summary.  EPA Report EPA 600/R-05/xxx.  U.S. Environmental Protection Agency, Washington, D.C.

Stoddard, J.L., D.V. Peck, A.R. Olsen, S.G. Paulsen, J. Van Sickle, A.T. Herlihy, P.R. Kaufmann, R.M. Hughes, T.R. Whittier, G. Lomnicky, D.P. Larsen, S.A. Peterson, and P.L. Ringold.  2005.  Ecological Assessment of Western Streams and Rivers.  EPA Report. EPA 620/R-05/005.  U.S. Environmental Protection Agency, Washington, D.C.

EPA’s STAR program supported two cooperative agreements coordinated/in support of EMAP.  The publications that resulted from each can be found in the attachment and at the following website (Attach dammars.publications.doc from Folder: Don Stevens).  These are not quite up to date, but give a reasonable summary of the research undertaken by these two cooperative agreements.  The same publications might appear on both lists as the two coops were linked together, with PIs and staff were sometimes funded on both coops.

 See also www.stat.colostate.edu/~nsu/starmap; click on Publications

Ongoing broad scale probability surveys include:
Each of these has been underway for more than five years and has excellent databases.
AREMP (Aquatic and Riparian Effectiveness Monitoring Program)
Reeves, G.H., D.B. Hohler, D.P. Larsen, D.E. Busch, K. Kratz, K. Reynolds,

K.F. Stein, T. Atzet, P. Hays, and M Tehan. 2004. Effectiveness monitoring for the aquatic and riparian component of the Northwest Forest Plan: conceptual framework and options. Gen. Tech. Rep. PNW-GTR 577. Portland, OR:U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.  71p.
Gallo, K., Lanigan, S.H., Eldred, P, Gordon, S.N., and Moyer, C. (2005), Northwest Forest Plan—the first 10 years (1994-2003): preliminary assessment of the condition of watersheds, Gen. Tech. Rep. PNW-GTR-647.  Portland, OR.  U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.

PIBO (PACFISH/INFISH and the Biological Opinions)
Kershner, J.L., M. Coles-Ritchie, E. Cowely, R.C. Henderson, K. Kratz, C. Quimby, D.M. Turner, L.C. Ulmer, and M.R. Vinson, 2004. A Plan to Monitor the Aquatic and Riparian Resources in the Area of PACFISH/INFISH and the Biological Opinions for Bull Trout Salmon and Steelhead. General Technical Report, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Ogden UT. 

Online: http;//www.fs.fed.us/biology/resources/pubs/feu/pibo_final_011003.pdf
ODFW/DEQ coastal surveys

Stevens, Jr., D.L. 2002. Sampling Design and Statistical Analysis Methods for the Integrated

Biological and Physical Monitoring of Oregon Streams, Oregon Department of Fish and

Wildlife Report Number OPSW-ODFW-2002-07. 14 pages + appendices.
There are a variety of other projects underway in the NW that used GRTS to select sites.

Some Related Research:

Burnett, K.M., C.E. Torgersen, E.A. Steel, D.P. Larsen, J.L. Ebersole, R.E. Gresswell, P.W. Lawson, D.J. Miller, J.D. Rodgers, and D. L. Stevens, Jr.  Submitted.  Data and modeling tools for assessing landscape-level influences on salmonid populations: Examples from Western Oregon.  Proceedings of  AYK-SSI workshop Feb. 6 – 9, 2007, 

Burnett, K.M., G.H. Reeves, D.J. Miller, S. Clarke, K. Vance-Borland, and K. Christiansen 2007. Distribution of salmon-habitat potential relative to landscape characteristics and implications for conservation. Ecological Applications 17: 66-80.

Steele et al landscape modeling:
E.A. Steele, B.E. Feist, D.W. Jensen, G.R. Pess, M.B. Sheer, J.B. Brauner ,and R.E. Bilby.  2004.  Landscape models to understand steelhead (Oncorhynchus mykiss) distribution and help

prioritize barrier removals in the Willamette basin, Oregon, USA.  Can. J. Fish. Aquat. Sci. 61: 999–1011
Feist, B.E., Steel, E.A., Pess, G.R., and Bilby, R.E. 2003. The influence of scale on salmon habitat restoration priorities. Animal Conservation 6: 271-282.

Pess, G.R., Montgomery, D.R., Steel, E.A., Bilby, R.E., Feist, B.E., and Greenberg, H.M. 2002.  Landscape characteristics, land use, and coho salmon (Oncorhynchus kisutch) abundance, Snohomish River, Wash., USA. Canadian Journal of Fisheries and Aquatic Sciences 59: 613-623.
Some topics that are being currently investigated through Oregon State University’s Statistics Department: 
Trend detection (mixed model) applied to ODFW coastal habitat surveys: Kara Anlauf (ODFW) and Bill Gaemon (OSU Stat dept.)

Trend detection using zero-inflated Gaussian:  Lisa Madsen (OSU Stat dept.): tackling problem of “excessive zero’s” in a data set.
Development of a metric to characterize spatial structure (Don Stevens, OSU)
Trend detection to take advantage rotating panel designs (Don Stevens, OSU)
Modifying GRTS for adaptive sampling (Don Stevens, OSU)
There is also a significant amount of research currently being conducted through scientists affiliated with the Patuxent wildlife center on the problem of “detect ability” and accounting for false negatives in assessing, for example, whether the proportion sites occupied by a target species is changing over time.  

See: MacKenzie, D. I., J. D. Nichols, J. A. Royle, K. P. Pollock,

L. L. Bailey, and J. E. Hines. 2006. Occupancy estimation

and modeling: inferring patterns and dynamics of species

occurrence. Academic Press, San Diego, California, USA.
Bailey, L.L., J.E. Hines, J.D. Nichols, and D.I. MacKenzie.  2007.  Sampling design trade-offs in occupancy studies with imperfect detection: examples and software.  Ecological Applications 17:281-290.
Also possibly relevant:  Hoeting, J. A., Leecaster, M., and Bowden, D. An improved model for spatially correlated binary responses. Journal of Agricultural, Biological, and Environmental Statistics, (in press).
Areas that could use additional research:

1. Trend detection for indicators with substantial zeros (i.e., abundances of various fish populations measured at sites distributed across a region)

2. Trend detection taking into account possible covariates (e.g., coastal coho annual abundances related to ocean conditions)

3. Extrapolating local scale studies to regional scales (e.g., how applicable is what we learn in particular watershed experimental studies to the broader region).

4. Incorporating found samples into probability results (for example, see Overton, J. McC., Young, T. C and Overton, W. S.: 1993, ‘Using found data to augment a probability

sample: Procedure and case study’, Environ. Monit. Assess. 26, 65−83., or
D. J. BRUS and J. J. DE GRUIJTER.  2003.   A METHOD TO COMBINE NON-PROBABILITY SAMPLE DATA WITH

PROBABILITY SAMPLE DATA IN ESTIMATING SPATIAL MEANS OF

ENVIRONMENTAL VARIABLES   Environmental Monitoring and Assessment 83: 303-317
Abstract. In estimating spatial means of environmental variables of a region from data collected by

convenience or purposive sampling, validity of the results can be ensured by collecting additional

data through probability sampling. The precision of the π estimator that uses the probability sample

can be increased by interpolating the values at the nonprobability sample points to the probability

sample points, and using these interpolated values as an auxiliary variable in the difference or regression

estimator. These estimators are (approximately) unbiased, even when the nonprobability

sample is severely biased such as in preferential samples. The gain in precision compared to the π

estimator in combination with Simple Random Sampling is controlled by the correlation between

the target variable and interpolated variable. This correlation is determined by the size (density) and

spatial coverage of the nonprobability sample, and the spatial continuity of the target variable. In a

case study the average ratio of the variances of the simple regression estimator and π estimator was

0.68 for preferential samples of size 150 with moderate spatial clustering, and 0.80 for preferential

samples of similar size with strong spatial clustering. In the latter case the simple regression estimator

was substantially more precise than the simple difference estimator.

Keywords: bias, declustering, difference estimator, found data, kriging, preferential sampling, regression

estimator, spatial mean

5. Integrating design-based and model-based environmental sampling/monitoring
6. GRTS modified to take advantage of spatial structure of populations (e.g., adaptive sampling).
7. Sampling to detect rare “events” (e.g., rare species).  See for example:
Edwards, Thomas C. Jr., D. Richard Cutler, Niklaus E. Zimmerman, Linda Geiser, and Jim Alegria.

2005. Use of Model-Assisted Designs for Sampling Rare Ecological Events: Lichens as a Case

Example. Ecology 86(5):1081—1090.

Edwards, Thomas C. Jr., D. Richard Cutler, Linda Geiser, Jim Alegria, and Dan McKenzie. 2004.

Assessing Rarity and Stand Age Association of Species with Low Detectability: Lichens in

Western Oregon and Washington Forests. Ecological Applications 14(2):414—424.

8.  Detecting change in distributional patterns (is a species range increasing or decreasing?)
