E. Project Description

Integrating Ecology and Economics for Managed Forest Landscapes

Introduction 

Rationale:  With a global human population now exceeding six billion, natural resources have been reduced in both quantity and quality as extraction has become more intensive and extensive than ever before (Vitousek et al., 1997). Furthermore, the management of natural resources has become more constrained and complex due to the interactions among ecological, political, socioeconomic, demographic, and behavioral factors (Thrupp, 1990; Cairns and Lackey, 1992; FEMAT, 1993; Liu, 2001; McCool and Guthrie, 2001; Odum, in press). In order to address the increasing challenges in natural resource management and to achieve sustainability of renewable natural resources in the future (e.g. Speth, 1992; MacDonald, 1998; Rogers and Feiss 1998; Kates et al., 2001), resource managers need insightful guidance and new perspectives from emerging disciplines such as landscape ecology (Sharitz et al., 1992; Swanson and Franklin, 1992; Noss, 1983; Dale et al., 2000). Landscape ecology is an interdisciplinary field that studies landscape structure, function, and change (Forman and Godron, 1986; Hobbs, 1995). It provides a spatial systems perspective and considers humans as an integral part of landscapes (Hobbs, 1995).  Integrating landscape ecology into natural resource management (Forman and Godron 1986, Liu and Taylor, in press; Turner et al., in press) can markedly help overcome some major shortcomings of traditional natural resource management, such as those discussed below. 

First, traditional management has often concentrated efforts on single resources (e.g., timber production or harvest of game species, Scott et al. 1995), a strategy which may have unexpected negative impacts for other resources and/or ecosystem components. A good example of unexpected negative consequences of narrowly focused resource management can often be seen in many areas managed for timber production in North America. In these areas, forest harvesting can dramatically alter vegetation structure and composition, potentially directly degrading the habitat for wildlife species, including forest birds (DeCalesta 1994, 1997, McShea and Rappole 2000). Furthermore, vegetation regrowth following harvest results in temporarily abundant supplies of accessible forage (tree regeneration, shrubs and herbs).  Abundant forage often increases white-tailed deer (Odocoileus virginianus) numbers until they exceed their food supplies and effectively devour all the vegetation within their reach (Harlow 1984). Excessive browse pressure may negatively affect future timber production by nearly eliminating forest regeneration (Stoeckler et al. 1957, Anderson and Loucks 1979, Frelich and Lorimer 1985, Case and McCullough 1987, Tilighman 1989, De Calesta 1997), eliminating browse sensitive plant species, and reducing compositional and structural diversity of vegetation (Stromayer and Warren 1997). In turn, vegetation changes caused by deer and harvesting may impact wildlife habitat to a greater degree, or differently, than the effect of harvesting alone. Thus, the relatively simple act of timber harvesting can affect a multitude of landscape attributes, compromise long-term timber sustainability, and create conflicts between several management goals. 

Second, traditional resource management usually ignores the effects of landscape context (i.e. surrounding areas). The notion that landscape context should be an important component of resource management is supported by recent research demonstrating that the spatial arrangement of forest stands on the landscape strongly affects forest and wildlife dynamics (Forman 1995). This should come as no surprise since several phenomena affecting landscape processes occur at scales larger than the stand (e.g. seed dispersal, wildlife territories). For example, Pearson (1993) found that bird species richness within a stand is largely affected by the vegetation structure in the surrounding areas. Likewise, Liu and Ashton (1999) reported that forest dynamics were affected by seed dispersal from adjacent areas. Wildlife populations in surrounding areas have been found to influence forest regeneration. For instance, Liu et al. (1999) found that food from oil palm plantations support higher levels of wild pigs that, in turn, significantly decrease tree seedling regeneration in stands adjacent to the plantations. Thus, for large forested landscapes where timber harvesting is an important activity, the effective management of multiple forest resources necessitates the consideration of the location and timing of harvest treatments and not just stand-level harvest regimes.

Third, traditional resource management often assesses ecological and economic components of managed landscapes separately in different areas or different periods of time (Liu et al., 1994; Swallow, 1996). Treating these components independently can result in serious biases since they may vary in space and time and at different scales (Swallow et al. 1997; Hof and Joyce 1992). Therefore, a critical need in resource management is the evaluation of ecological and economic components simultaneously in order to balance ecological and economic costs and benefits (Liu 1993; Liu et al. 1994; Costanza 2000; Carpenter and Turner, 2000; Daily et al. 2000). Because landscape ecology explicitly recognizes functional linkages among resources (e.g., material and species flow across boundaries) over large spatial scales (Forman 1995), management based on landscape ecology fosters greater coordination among resource managers and stakeholders of diverse interests than do traditional management approaches (Turner et al., in press). 

Overcoming these three shortcomings of traditional resource management is a major challenge for more effective management (Christensen et al. 1996). Thus, we intend to conduct an integrated study to address these three main shortcomings. Using a forested landscape with multiple stakeholders as our study area, we hope to understand ecological and economic consequences of forest management, effects of landscape structure and spatial arrangements of landscape components on forest and wildlife resources, and values and perceptions of stakeholders. The results from our study will be useful to coordinate management practices among multiple stakeholders and to minimize the conflicts among different goals (e.g., timber vs. wildlife, timber vs. non-timber, game vs. non-game species, market vs. non-market value, local- vs. large-scale goals, and short- vs. long-term benefits/costs (Liu 1995)). Furthermore, our systems approach would be applicable to many other areas in the U.S that are faced with similar management challenges. 

Conceptual Framework, Goal and Objectives: Alternative forest management practices have a multitude of ecological and economic consequences (Fig. 1). It is impossible to consider all of their effects in a single study. However, there are several ecological and economic attributes that may be key to ecosystem and economic function, and that may have strong interrelationships with forest management practices. We hypothesize that harvest patterns, at both stand and landscape scales, strongly affect forest structure and composition, which affects deer and forest bird populations, in the central Upper Peninsula of Michigan. Fluctuations in deer populations, in turn, may have feedback effects on forest structure and composition and thus may indirectly affect forest bird populations. In addition, we hypothesize that market values, such as wood products, and non-market values, such as deer hunting, aesthetics and plant and bird diversity, will also vary with forest structure and composition as affected by harvesting, deer, and their interactions at stand to landscape scales. These interrelationships are presented as a conceptual framework below (Fig. 1)
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Fig. 1. The interrelationships among ecosystem attributes to be quantified in this study. This is a small subset of possible ecosystem attributes and interrelationships. Main ecological relationships to be quantified are indicated by black arrows. Economic attributes are connected with biological attributes with hatched lines. 
Quantifying these ecological and economic characteristics, their interrelationships, and their dependence on forest management options is the major goal of this proposal. With a systems modeling approach this information will allow us to project long-term outcomes of a range of potential management options for the study area. Our study will focus on northern hardwood stands and their interactions with other forest types for two major reasons: first, northern hardwood stands have high ecological and economic value, and second, northern hardwood vegetation is heavily impacted by deer browse. Our specific objectives are to:

(1a). Quantify the effects of forest harvesting practices and deer populations on vegetation 
structure and composition.

(1b). Quantify the effects of vegetation composition and structure in a landscape context, on deer and forest bird populations.

(2).  Quantify economic values of wood products, deer hunting, aesthetics, forest bird diversity and plant diversity. 

(3).   Predict the ecological and economic effects of new management scenarios across the 
landscape, based on the information obtained from Objectives 1 and 2 (above). 

General Hypotheses: In the forested landscape of the central Upper Peninsula of Michigan (see Study Area in the Research Methods section), 
1) for a range of forest cover types and stand ages, species diversity and density of  trees and all vascular plants, structural diversity of vegetation, and browse damage are functions of stand harvest intensity and deer density, 

2) Deer density and avian community structure are functions of stand composition and vertical structure, stand size, and landscape context (i.e. the spatio-temporal pattern of neighboring stand characteristics up to the scale of their respective home ranges).

3) Market values of wood products, and non-market values of deer hunting, plant and forest bird diversity, and aesthetics, will vary with stand harvest intensity, deer density, stand size, and the spatio-temporal pattern of neighboring stand characteristics.

Each of these general hypotheses will be deconstructed into several specific, independent, and testable hypotheses (see protocol in the Research Methods section). These relationships will be analyzed and, if applicable and possible, quantified as predictive models.  We will use these relationships to build an integrated ecological-economic model that allows us to project how deer and bird populations, forest regeneration, plant diversity, and their economic values vary over a broad range of potential forest management practices at both stand and landscape scales.

Research Methods

Study Area:  Our research area (Fig. 2B) is a landscape of approximately 1,000,000 ha in the central Upper Peninsula (Fig. 2A, UP) of Michigan that includes parts of six counties (Dickinson, Marquette, Menominee, Delta, Baraga, and Iron) (Fig. 2). The study area boundary was drawn to provide buffer zones from urban and agricultural land and to provide a buffer zone from Lake Superior. The region is an ecologically and economically diverse landscape that displays some of the negative consequences of traditional timber management activities. It is characterized by a spatial mosaic of forest stands that include upland hardwood (sugar maple, beech, white ash, yellow birch, basswood), lowland hardwoods (black ash, red maple), lowland (cedar, spruce, tamarack) and upland (red and white pine and eastern hemlock) conifers and aspen-birch. The forest industry is important to the regional economy with two large industrial companies (International Paper and Mead Co.) and several small mills producing dimensional products such as poles, posts, veneer, and pulp. Upland hardwood stands are particularly valuable because of the high quality, furniture-grade lumber and veneer they produce. Forests in the regions have a wide range of ages (or years since harvest) and are subject to a wide range of stand-level harvest regimes, including single tree/group selection, patch cuts, clear cuts and no harvest (Michigan DNR and International Paper, unpublished forest inventories). Spatial patterns of forest harvesting on the landscape include areas of highly concentrated harvesting over the last ten years as well as areas of lower harvesting intensity, where the harvesting is more dispersed (Michigan DNR and International Paper, unpublished forest inventories). Overall, these patterns vary in forest cover types, harvest treatments, harvest timing and spatial configurations. 
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Figure 2. A six county area in Michigan's central UP (A) encompasses the study landscape (B) selected for investigating ecological effects of natural resource management. Random landscape units (C; dark township sectors within township grid cells) will define areas for the selection of specific sites (D) for biological sampling. Sites will be sampled over a 60 x 60m area, equivalent to a 2 x 2 pixel window of Landsat ETM+ imagery (E), so that at least one pixel will fall completely within this window.


Over the study area, coarse landscape-scale estimates of area winter deer densities range from more than 19 deer /km2 (Dickinson County) to less than 3 deer /km2 (Marquette County) (Doepker, 1994). In this region, there is strong evidence that deer populations have responded positively to harvest levels (Fig 3b). This evidence includes a positive relationship between harvest volume and wintertime pellet counts (Fig. 3b) Furthermore, observations suggests that deer have had a severe impact on tree regeneration in many areas and for some forest types ( lowland conifer, VanDeelen et al. 1996). Our preliminary data from the study area indicate that sugar maple sapling densities in upland hardwood stands decline nearly 85% as wintertime deer density increases from near 0 to 20/km2 (Figure 3a). The full extent and magnitude of these impacts to the ecology and economy of the region are unknown. 
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Fig 3  Relationship between (a) sugar maple sapling (0.25 to 1.4 m tall) density and coarse regional estimates of deer density based on MDNR pellet count surveys(data from our 2001 field season), and (b) deer density (pellet counts) versus harvest volume(Doepker, unpublished data).
Deer hunting is a major recreational activity within the study area, and the economic activity associated with deer hunting has a significant effect of the local economy. Even though it is far from the state’s major population centers, Michigan’s western UP has recently averaged about 100,000 deer hunters and just over 1 million days of deer hunting effort per year (Frawley 1999; 2000). These hunters harvested 45,000 deer from the area in 1998 and 60,000 in 1999 (Frawley, 2000). 

In addition to timber and deer, the study area has several other important ecological and economic features. For example, many rare and threatened flora are found in the study area. Examples include Amerorchis rotundifolia, Pterospora andromedea,and  Botrichium mormo (Chadde 1999). Additionally, there are several showy, and deer browse sensitive (Augustine and Frelich 1998) wildflowers associated with nutrient rich, mesic northern hardwood forests in the region. Examples of these wildflowers include, Arisaema triphyllum, Trillium spp., Tiarella cordifolia, and lady slipper orchids. There are also several non-commercial but ecologically important tree species in the region (e.g. eastern hemlock, Canadian yew,) that have declined markedly in abundance in canopy, sapling and seedling strata, over the last several decades. Browse pressures associated with high deer densities have been implicated as a causative factor in these declines  (Balgooyen and Waller 1995, Rooney et al. 2000).

Forest birds are also an important ecological component of the central UP’s forested landscape.  Many species use this region for breeding, including numerous species of neotropical migrants. Some of these species, especially those adapted to interior and mature forest stands, have experienced dramatic population declines (Thompson et al. 1993) and these declines have been associated with timber harvesting (Rottenberry et al. 1993) and the resulting younger (Holt and Martin 1997), smaller (Ambuel and Temple 1983; Neimi and Hanowski 1984), and more structurally simple stands (Bunnell and Kremsater 1990, Thompson et al. 1995). Birds may also be affected by high deer populations in some parts of the study region through the indirect effects of browsing, as intense browsing has been shown to affect the availability of nesting sites and increased predator success for several species of interior forest birds (see McShea and Rappole 2000).  Interior forest bird species of special concern in the study area include black-throated blue warblers, blackburnian wablers, Canada warblers, wood thrush, and chestnut-sided warblers among others (Probst and Thompson 1995). However, for many species there is little, or no information on how they respond to variation in forest structure caused by variation in forest harvest practices and deer densities, especially in a non-urban and non-agrarian context.

Our proposed study area has several advantages. First, as described above, there is large variation in deer densities, the spatio-temporal patterns of harvests, harvest types, stand types and stand adjacencies. This high variation will enable us to choose appropriate samples to test our hypotheses. Second, the area is approximately 83% forested, thus allowing us to simplify the already complex scope of our study by minimizing the potential effects of agricultural and urban landscapes on our wildlife-forest interrelations. Third, a variety of long-term data are available (e.g., harvest-sale records, vegetation inventory, multi-year remote sensing data, recent aerial photographs, and deer density data). Fourth, the majority of the land is owned and managed by state government (Michigan DNR), and industry (i.e. International Paper and Mead Corporation) and we have established close working relationships with these stakeholders. These factors make it feasible for us to access the area and to identify new management strategies that can be implemented.  

Previous and Ongoing Work: Another advantage of the study is that we have previous and ongoing work in the region. This work has bearing on our proposed project in two general ways. First, our acquaintance with the study area and the stakeholders (they partially fund several of the projects) decreases the probability of unanticipated problems that can often compromise projects. Second, all the projects share a common thread with this proposed project in that they address issues related to the management of forest ecosystems. Thus, their values as contributions to a holistic understanding, and management, of forest ecosystems are far greater than the sum of their parts. These projects include: 1) computer simulation models for white-tailed deer management (Xie et al. 1999, 2001), and a landscape-level analysis of deer habitat using remote sensing data (Xie et al., in review; Liu et al. 1999, 2000, in review), 2) determining if deer-browse induced increases in sedge density and decreases in seedling and forb densities represent alternate stable vegetation states, and finding methods to reverse these vegetation changes (Randall and Walters) 3) evaluating the dynamics of coarse woody debris, and its implications for stand and landscape forest dynamics (Marx and Walters). 4) comparing site-productivity relationships of European larch and red pine to aid in stand-level planting decisions (Gerlach and Walters), and 5) quantifying the cultural carrying capacity for deer in Michigan by estimating issue activity and tolerance scales for deer populations and using a choice modeling framework similar to a random utility framework (Wallmo and Lupi).

The three Ph. D. students that joined us fall 2000 have already made significant strides on the project. Ed Laurent, and Joseph LeBouton spent summer of 2001 in the study area. During this time they: 1) accomplished the field work necessary for the classification of a vegetation map for the 1,000,000 ha study area based on Landsat 7 ETM+ Multispectral images, 2) secured forest and deer inventory databases and cooperative relationships with Michigan DNR and International Paper personnel, and 3) collected preliminary data for all field variables (e.g. bird censuses , forest vegetation, deer pellet counts). These data will be used for the final data set, for improving sampling efficiency in subsequent field seasons, and for refining hypotheses. Laila Racevski’s has made significant progress on designing surveying protocol. For example, she has conducted an extensive literature review on economic valuation methods, forest production, and forest and wildlife management.  An annotated bibliography on the economic valuation literature has been written, and this will aid in the development of the methods to be used for the non-market valuation portion of the research project.  

Methods for Achieving Objective #1: (1a). Quantify the effects of forest harvesting practices and deer populations on vegetation structure and composition; (1b) Quantify the effects of vegetation composition and structure in a landscape context, on deer and forest bird populations. 
Overview. :  To address our objective (1a) and (1b), we must collect and analyze three types of data: 1) landscape vegetation data to describe the spatial structure and relationships among forest stands across the study area; 2) management records to provide harvest history information for integration with landscape vegetation data, and; 3) detailed vegetation and wildlife data at the stand level to characterize ecological attributes that we expect to be affected by the spatio-temporal forest/management landscape mosaic. Tasks within Objective 1 can be separated as follows:

Task 1.1 Classify satellite imagery using field collected training data 

Task 1.2 Combine management records and classified satellite imagery in a preliminary GIS

Task 1.3 Collect vegetation data to describe floristic composition and structure

Task 1.4 Collect bird abundance data to describe avian community structure

Task 1.5 Collect pellet data to estimate deer density

Task 1.6 Analyze harvest-vegetation-deer-bird interrelationships.

Although there may appear to be redundancy in tasks 1.1 and 1.3, they are separated because the development of a spatially explicit vegetation database for the study area uses an iterative process. Vegetation data collected early in the project are used for preliminary classification of the satellite images (Task 1.1). These ground-truthing data, combined with harvest records (task 1.2), result in a preliminary vegetation map of the study area that can then be used to efficiently select sites for further vegetation sampling and bird sampling (Tasks 1.3 and 1.4).  These data can then be used to refine vegetation and harvest classifications for our map. 

Task 1.1 Vegetation classification of satellite images from field collected data

Developing a preliminary computerized map of forest stands for our study area is critical for selecting sites to collect vegetation and bird data. Developing a final map will be necessary  for spatial analyses of our field collected data, and for systems modeling,  Because no recent geographic information (GIS) exists for the study area, developing a preliminary map is our first priority.  Map creation is being accomplished by classifying and ground truthing a set of 2001 Landsat 7 ETM+ images with field collected data.

Landat 7 ETM+ are multispectral images with a resolution of 30 m. Because the resolution of the imagery sets the grain, or smallest detectable level (see O’Neill et al. 1986), the Landsat 7 ETM+ images have the resolution required to classify the dominant vegetation of stands of trees, but not individual trees within the stand. Because the exact placement of pixels from satellite imagery are not known during field data collection, all data will be collected to describe a minimum grain of 60 x 60 m.. In this way, field collected data will be collected within an area covered by a 2 pixel X 2 pixel window so that at least one pixel from imagery will fall within this window (Liu et al. 2001, Figure 1E).Pixel classification will rely on spectral reflectance properties of the dominant vegetation (Lillesand and Kiefer 2000). Contiguous groups of similarly classified pixels will then be organized into vegetation patches (i.e. stands).

To classify the images, field data are being collected from sites located in randomly chosen areas in the landscape. At each site, data that describe vegetation composition and structure are collected (see details on vegetation variables below) and measurement locations are verified through highly accurate (1-2 m) GPS receivers (GPS Pathfinder( Pro XR/XRS System, Trimble, Liu et al. 2001). The ground-truth information for stands measured in 2001 are being used for training and validation of a supervised classification of the remote sensing data using ERDAS Imagine software.  To accomplish randomization of site selection, the study area was overlain with the U.S. Public Land Survey township and section subdivisions (Figure 1C). This system was used over others (e.g. UTM, USGS) because state and industry management databases for the region always contain Public Land Survey Information, but do not always contain other spatial information.  From this grid, random sections (1 mile2 each) are being chosen. Within this sampling design, sections (Figure 1D) are considered independent landscape units for the determination of degrees of freedom in subsequent analyses. 

Within randomly chosen sections, areas of homogeneous vegetation (i.e. forest stands) will be will be located for measurements. Stands for measurement are being chosen on the basis of stand type data requirements (see below) and availability of desired stand types within the section. In summer 2001, vegetation characteristics were collected for 128 spatially referenced stands. These data will be used for preliminary classification of the vegetation layer of the study area’s GIS. Field site selection in years 2002-2004 will be the same as that described above except the preliminary GIS will aid in developing data requirements for forest stand types and in locating stands. 

Task 1.2 Combining harvesting activities and vegetation classification in a preliminary GIS 

Forest compartment and harvest record and inventory information from MDNR, Mead Corp. and International Paper will be combined with our preliminary vegetation map as a data layer in our preliminary GIS.  This process can be accomplished for a majority of the study area because these stakeholders have spatially referenced most of their stand boundaries. Information in these records includes the timing and intensity of tree harvesting and basic tree inventory data. Inventory data include average size, density, and species of trees > 4” dbh at the stand level. These data will be useful to us in three main purposes. First, incorporated with our vegetation GIS, harvest records information will be more useful for us to choose and locate measurement sites for years 2002-2004.  Second, incorporation of management records into a GIS will allow us to quantify the intensity and timing of forest harvesting disturbance at several spatial scales.  Third, because boundaries from management records will often agree with patch boundaries classified from our remotely sensed imagery, they can be used to improve vegetation classification for the study area.

Task 1.3 Collect vegetation data to describe floristic composition and structure.

1.3.1. Rationale for choice of candidate strata and field-collected variables.   Our study area is a complex amalgam of plant communities of variable composition, harvesting histories, spatial adjacency relations and wildlife densities. Because one of the primary objectives of our project is to model ecological processes and patterns, rather than simply estimate resources, the selected measurement stands (sites) should characterize as fully as possible landscape variability and homogeneous zones (patches) within the study area landscape (Legendre and Fortin 1989). To accomplish this task we have  stratified the landscape by vegetation  characteristics assumed to be key to vegetation-deer-bird interrelationships and that can be drawn from mapped vegetation data and management records.  Importantly, our stratification is not designed to exclude landscape vegetation elements from sampling. Rather, it is designed to assure adequate sampling of vegetation for currently important or potentially important strata of relevance to vegetation-deer-bird interactions. For example, old growth northern hardwood stands may currently be uncommon on the landscape. However, there is good evidence that old growth has important implications for forest structure and bird populations, and its representation on the landscape could increase above current levels in some management scenarios. If sites were chosen at random from within our randomly chosen landscape units, then old-growth stands would likely be underrepresented in the data set, and our characterization of such stands would be poor. Our proposed strata are forest cover types, forest patch (stand) cover type, stand age, and stand size.  Theses strata must be considered preliminary, since they may be modified after analyses of our preliminary GIS. 

Cursory analyses of the vegetation in our study area indicate that most of the landscape falls into five forest cover type strata.  These are: aspen-birch, upland and lowland conifer and upland and lowland hardwood forest cover types (see Study Area for species composition). 

Spatial relationships of vegetation patches are expected to have large effects on bird and deer populations. For example, proximity of a subject stand to lowland conifer winter yards or to recently harvested stands in winter should dramatically increase deer browse in surrounding areas. Thus in a given vegetation patch, deer browse intensity should be a function of distance to adjacent patches and the size and structural/compositional attributes of both adjacent patches and the measured patch. To assure that we have adequate representation of variations in vegetation size-distance-structure and compositional characteristics, we will stratify by the size of the measured patch. For management purposes, areas of relatively homogeneous forest cover (patches) that have similar management history are called forest stands. Forest stands in the region typically range in size from 10 to 100 acres or more, due to both management/social considerations and natural variation in vegetation distribution and productivity. Two size strata (e.g. 10-40 acres and >40 acres) will be determined based on analysis of the size distribution of stands in our study area from management records  

Timber harvest practices vary with forest cover type.  Upland hardwoods are usually partially cut, with single tree or group selection methods, at 10-15 year intervals or are clear cut at longer intervals (e.g., 60-100 years depending of forest cover and site productivity).  Other forest types in the area are typically either clear cut or not harvested.  

Time since last harvest can be classified into three strata that potentially reflect large differences in structural attributes (Oliver and Larson 1996) and thus in their ability to provide forage or structural attributes for our birds and deer. For example, forest stands recently harvested (e.g. within 10 years) usually provide abundant forage for deer via vigorous regeneration of trees, shrubs and forbs. Stands in this age class may also provide excellent habitat for some bird species associated with early successional habitats (e.g., golden-winged warbler, ruffed grouse, woodcock, (Brewer et al. 1991)). At ages > 10-20 years and < 60-150 years or more (depending on forest cover type), aside from the vertically ascending forest canopy, stand structure, especially in subordinate shrub and forb/seedling layers, may be depauperate and change relatively little until overstory trees start to die. This stage is recognized as the “self thinning” stage of stand development. It is followed by the “understory reinitiation” stage, then the “old growth” stage (Oliver and Larson 1990).  These latter stages are characterized by increasing vertical structural complexity including higher densities of shrubs and tree seedlings and saplings in subordinate layers (Oliver and Larson 1996). These attributes may be important for bird species that prefer nesting in mature forests in moderately dense shrubs of low stature (e.g. black-throated warbler, Brewer et al. 1991).  Based on this information we anticipate that our three age strata will be: (1) <10-20 years, (2)>10-20 years and <60-150 years and, (3) > 60-150 years, depending on cover type.

Having identified potential strata, we anticipate using forest cover type (5 strata), stand age (3), harvest type (4 for northern hardwood and 2 for each of other four cover types), and patch size (2) as formal strata. Thus for northern hardwood stands we will have 24 strata (3 [age] x 4 [harvest type] x2 [patch size] strata and for each of four other cover types we will 12 strata each (3 [age] x 2 [harvest type] x 2 [patch size]). Together we will have 72 strata. We anticipate measuring 20-30 stands in each strata combination, for a total of= 1440 to 2160 possible stands.  Actual stand totals will be less than possible stand totals since some strata combinations are not possible (e.g. old growth x clear cutting) or are not represented on our study landscape. Furthermore, actual sample sizes per stratum will differ from our estimates based on the results of power analyses of data collected in the first two field seasons.

In addition to strata identified with a preliminary GIS, there are other unmapped factors that may affect stand and landscape vegetation structure. One such factor is site quality.  For example, the soils occupied by upland hardwoods in Michigan’s central UP vary in moisture and nutrient availability and may strongly affect vegetation dynamics (e.g. Walters and Reich 1997). Kotar et al.’s (in press) habitat classification system recognizes three habitat types (i.e. vegetation associations that correspond to differences in moisture and nutrients) where northern hardwood stands are common in the central UP. Habitat type will not be stratified (it is not mapped), but it will be determined by the presence and/or abundance of indicator plant species 
1.3.2. Vegetation variables for measurement : Field collected vegetation data will focus on characterizing vegetation composition and vertical structure. Vegetation variables were chosen based on 1) their hypothesized relevance to deer-forest-bird interactions (e.g. availability of browse, shrub density for nesting), and 2) characteristics that have ecological and/or economic relevance (e.g. plant diversity, the density of sapling-sized commercially valuable tree species).  

Specific measurements on our study plots will include cover, frequency, and density of herb and shrub species, density and height for trees from seedling to canopy size classes, and an index of deer browse (e.g., Strole and Anderson 1992). Although height distributions of plants may not provide as detailed information as other indices of vertical structure (e.g. leaf area index profiles, Parker and Brown 2000) height distributions are easier to collect and thus a more efficient approach given the large numbers of plots that we will be sampling. Vegetation data will be collected from all sample sites across the study landscape during the growing season of years 2002-2004. A cursory analysis of alternative plot sizes and numbers from a small subset of sites with different vegetation characteristics measured in May 2001 were used to refine sample plot characteristics for 2001 data.  Our criteria were based on our ability to: (1) measure vegetation at an average of four sites per day (i.e. 400 vegetation plots over a 100 day field season for one crew); (2) minimize within-site variance of the sample mean (Shiver and Borders 1996) for measured variables, and (3) for species richness, sample a total area that results in near saturation of the species vs. area curve (Pielou 1977). Based on these analyses we established the following plot characteristics: Within our 60 x 60 m measurement area, 12 vegetation plot center points are established in a grid where distance between points is 17 m.  At each plot center point, nested circular plots of different areas are established to measure different vegetation strata including (1) 0.5 m2 area for percent cover and number of stems for all herbs, and for woody plants < 0.25 m tall, (2) 5 m2 area for number of stems and height of trees and shrubs and percent cover of shrubs for individuals >0.25 m and < 1.4 m tall, (3) 40 m2 for number of stems and height for trees and shrubs > 1.4 m tall and < 10 cm dbh, and, (4) for 3 of the 12 plots, 666.7 m2 plots for number of stems an height of trees >10 cm dbh.  In addition to height and density, species will be identified for all individuals in all layers and height will be determined to the top and to the bottom of the canopy for trees and shrubs > 1.4 m tall. Deer browse will be estimated for trees and shrubs for individuals < 1.4 m tall (approximate maximum reach of deer in areas with moderate snowpack (LeBouton, personal observation).

For each site, habitat type will be determined (Kotar et al unpublished, see also for northern Wisconsin, Kotar et al. 1988), and stand age will be estimated or, in cases where management records exist, confirmed, by obtaining tree cores and analyzing tree rings (WinDendro, Regent Instruments, Blaine QC, Canada). Cores will be obtained from near the base of trees for three to ten trees per stand.  Bases on previous analyses this number of cores should be adequate for stand age characterization (L. Frelich, pers. comm.). The number of trees is variable since fewer trees are needed to characterize stands of simple structure, and vice versa.  Subsequent analyses will use both raw vegetation variables and composed variables (See section 1.6 for details).

Task 1.4 Collect bird abundance data to describe avian community structure - 
Patterns of avian community structure were selected for investigation because differences in bird communities over time are related to altered resource distributions, which result from changes in the structure and species composition of plant communities (Maurer and Whitmore 1981). Avian community structure is being estimated at a subset of the sites used for vegetation characterization using bird abundance data collected through six fixed-area point counts (Ralph 1993) during the summers of 2001 - 2003. During the 2001 field season, four sites (Figure 1D) were surveyed within each of 28 randomly selected township sections. During the 2002 and 2003 field seasons, two sites instead of four will be surveyed within each section to allow for more travel time among sections and to increase the effective sample size of data collected, for a total of 280 sites surveyed over 112 random township sections (i.e., degrees of freedom for all analyses will be adjusted to the n-1 number of township sections to guard against any effects of psuedoreplication (see Hurlbert 1984)). 

In addition to counting individuals of each species encountered, surveyors also record the sex and age (juvenile vs. adult) of individuals if such information can be determined through differences in plumage (Sibley 2000). This methodology allows for investigations into the relationship between habitat variables and demographic parameters. Species encounters are recorded within the aforementioned scale (60m X 60m) as well as in a manner that will allow their easy integration into existing state and national databases (e.g., Breeding Bird Survey protocol). 

Task 1.5 Collecting pellet count data to estimate deer populations

There are several methods for estimating deer densities. Examples include kill records, sex:kill ratios, track counts, aerial surveys, and pellet counts. All of these methods are imprecise.  For our study we will used wintertime pellet counts (McCain 1948).  The obvious drawback of this technique is that it cannot estimate summer deer densities and some deer regionally migrate in our study area (Doepker, unpublished radio collar data).  However, we believe that pellet counts are the best method for several reasons including:  1) Deer tend to be more dispersed in the study area in the summer, and forage is abundant.  In winter deer there is larger variation in deer density on the landscape and their diets are restricted to woody browse (unpublished radio collar data, International Paper).  Thus, in winter there will be areas with high deer densitieswhich will have large impacts on trees and shrubs. 2) Aside from using infrared cameras or aerial surveys (which are expensive), pellet counts are the only way to obtain estimates for measured stands (track counts could only be done on closest dirt roads).  

Due to the large effort required, pellet counts cannot be collected in all study stands. Based on previous experience, we anticipate having ten, two-person crews to count pellets on approximately 8 sites per day/crew for eight days following snowmelt in April.  These crews will be comprised of other graduate students from our labs and MDNR volunteers.  Thus, under ideal circumstances, 640 sites could be measured.  To choose sites we will randomly draw a total of 640 sites such that they are approximately evenly allocated to each stratum (i.e. approximately 8-9 stands in each of 72 strata) Pellet count data will be collected from each of these stands in both 2003 and 2004. At each site, the total number of pellet groups will be counted in four, 4 m wide transects that extend 100 m in cardinal directions starting at the center point of our 60 x60 m vegetation measurement plot. From these data deer densities will be estimated  based on the method summarized by Hill (2001).

Task 1.6 Analyze harvest-vegetation-deer-bird interrelationships

Overview: The quantified interrelationships resulting from these analyses will be used to parameterize the systems computer simulation model outlined in “Methods for Achieving Objective 3” (below). They will also provide important “stand alone” information on harvest-vegetation-wildlife interrelationships. Our analyses of harvest-vegetation-deer bird interrelations will focus on direct effects (Figure 1).  For example, we will analyze the effects of harvesting and deer populations on vegetation composition and structure, and the effects of vegetation composition and structure and landscape context on bird abundance and deer density. However, as part of this objective we will not analyze the effects of harvesting on birds and deer, since these species are primarily affected by the vegetation changes caused by harvesting and not harvesting itself.  Similarly, because the primary effect of landscape context (e.g. adjacent stands) on stand vegetation is primarily an indirect effect (i.e. via the effects of adjacent stands characteristics on deer populations) we will analyze the effects of landscape context on deer populations and not on vegetation. Simulating the full set of direct and indirect interactions outlined in Figure 1 will be accomplished in Objective 3 (below).

Vegetation composition and structure: Two general types of analyses will be explored for these data: analyses that test for significant effects of stand variables (e.g. size, cover type, age) and deer density on vegetation composition and structure, and analyses aimed at developing predictive models of vegetation attributes  as functions of stand/harvest characteristics and deer densities.  Both are useful for hypothesis testing, but only the latter are useful as components of an integrated systems model of landscape behavior (see Objective 3 below).  For all stand-level analyses, individual forest stands are considered experimental units (maximum n will be from 1000-2000). 

Based on species lists (presence or absence), non-parametric multidimensional scaling will be used to ordinate species community composition among measurement stands ( Baba and Podani 1996).. This technique can be used to establish separation of vegetation composition in multidimensional niche spaces where each axis represents a combination of variables of the nominal type, such as categories of stand age and deer density and stand cover type (e.g. Baba and Podani 1996). Monte Carlo tests can then be used to detect if the ordination extracts stronger axes of combined variables than would be expected by chance. Differences in the similarity of overall plant composition among categories of stand type, stand age, harvest type, deer density and habitat type will be tested with multi-response permutation procedures. For each of these multivariate techniques, plant composition in each measurement layer (<.25 m, .25 m to <1.4 m, etc.), distinguishing all layers may be important since impacts of different independent variables are expected to differ among strata.  For example, high deer densities are expected to most strongly affect the .25-1.4 meter layer since these are the typical height range they browse in the winter.  

Least squares and maximum likelihood log-linear regression and mixed modeling approaches will be used to develop predictive models of vegetation characteristics as functions of different combinations of stand characteristics/harvest type, site quality and deer density variables. For these models, some of the predictive variables are necessarily discrete (e.g. habitat type) whereas others can be treated as continuous (e.g. deer density) or discrete (e.g. deer density categories). Logistic regression models will used for nominal response variables (e.g. presence or absence of rare or indicator plants).  Response variables that will be tested for each vegetation layer or vegetation layers combined include species richness, Shannon’s diversity index, Whittaker’s ( diversity, the presence or absence of rare or indicator (e.g. indicative of high or low deer browse pressure) species (Dufrene and Legendre 1997), tree density, tree density of species groups (e.g. commercially important species and non-timber species), and proportion of stems browsed.  The effects of stand/harvest variables and deer densities on the vertical structure of vegetation will be assessed by splitting stem density and crown density into height categories analyzing differences in densities in each category (e.g. for 25-1.4 m, 1.4-3 m, 3-5 m classes, etc.).  

Birds: Bird abundance data will be divided into subsets by species, sex, and age for the identification of distinct subsets of taxa for further analysis. These taxa in association with vegetation composition and structure variables will be used to investigate bird-habitat relationships. Vegetation variables will be reduced through ordination into orthogonal components describing environmental space, and indicator taxa will be selected to serve as proxy for specific portions of this environmental space (cf Faith and Walker 1996). Criteria for indicator species selection include sample size and coverage of environmental space utilized by other less prevalent taxa as tested using multi-response permutation procedures (Baba and Podani 1996). The use of fewer species for analyses is beneficial for reducing the 1) number of multiple tests of the same hypothesis and 2) required changes in acceptable alpha level (Rice 1989).

Analysis of covariance between the raw within-site vegetation data and indicator taxa presence will be conducted using classification trees (De'Ath and Fabriscius 2000) and logistic regression (Schoener and Alder 1991). A map representing the maximum potential distribution of each species will then be created. This map will consist of presence/absence polygons created through the classification of satellite imagery using training data from sites matching important vegetation composition and structure descriptions identified through the above analyses. After presence/absence patches have been created, landscape level hypothesis testing for relationships between the size and distribution of patches and species abundance can be conducted. The results of these tests will allow for presence polygons to be scored for predicted abundance using the predictive capability of regression trees (De'Ath and Fabricius 2000) to create a new map layer containing abundance polygons. The iterative mapping process is repeated for each hypothesis to sequentially reduce commission error in the original map and describe higher-level patterns for additional hypothesis testing. Maps representing the distribution of species abundance will then be overlain with a map representing stand boundaries (from vegetation component) to investigate the relationship between stand characteristics and wildlife distributions through the use of regression trees (D'eath and Fabriscius 2000). Changes to forest stand attributes can thus be evaluated for their effects on stand attributes, and subsequently wildlife habitat, in focal and surrounding stands.

Deer:  The relationship between deer and vegetation descriptions will be investigated in a similar manner to that of indicator bird taxa. In addition, kriging (Robertson 1987; Legendre and Fortin 1989; Dufrene and Legendre 1991; Villard and Maurer 1996; Nesslage and Porter 2001) will be used to 1) describe the spatial autocorrelation of wintertime deer density among sites, 2) interpolate precise, unbiased estimates of deer densities within the study area, and 3) project detailed spatial patterns of deer density with known variance across this area. An additional source of data for this effort will be deer pellet counts collected annually by the MDNR from multiple systematically established plots in the study area (B. Doepker, personal communication). Areas between contours will be used as treatment levels for the testing of bird-deer-harvest interrelationships. For example, mature northern hardwood stands in high deer density areas can be evaluated for whether they contain the same avifaunal community structure as mature northern hardwood forests in low deer density areas.
Methods for Achieving Objective #2: Quantify economic values of wood products, deer hunting, aesthetics, forest bird diversity and plant diversity
For Objective #2, we will analyze market and non-market costs and benefits of forest products, white-tailed deer hunting, and other key ecosystem attributes in the study area. These economic values will be linked to alternative management scenarios for the study area.   To meet this objective, we will undertake the following tasks:  (1) Estimate net present values of forest products under alternative management strategies;  (2) Estimate the relationship between deer densities in the study area and the value of deer hunting in the study area; and (3) Estimate the relationship between alternative management scenarios and the non-market economic values of key ecosystem attributes in the study area.  Having completed these tasks, we will be able to estimate the effect of each forest-wildlife management scenario on values from forest products, deer-hunting values, and non-market values for other key forest attributes.

The choice of attributes to be valued is related to important economic activities in the study region, hence the focus on deer hunting and forest products.  Other non-market services such as forest aesthetics, vegetation diversity and bird habitat were chosen because we hypothesize that these services are directly affected by management.  In addition, these services have demonstrated policy importance in Michigan as evidenced by the existence of state-wide stewardship incentive programs that encourage conservation of these by private forest owners (McQueen and Potter-Witter, 2000; Stevens, 1995; Potter-Witter, 1995).  Naturally, there are many other ecological services provided by the forest ecosystem (e.g., water filtration, nutrient cycling, etc.) and these services are economically important.  However, given limits on our research capacity, quantifying how these services change with alternative management scenarios and assessing the accompanying changes in economic value is beyond the scope of this project.

Value of Forest Products:  To accomplish this task, we will develop estimates of how production of forest products (saw logs, pulpwood, etc.) varies under the alternative forest management strategies.  This aim will also involve estimation of how forest management and harvesting costs vary with the alternative forest management scenarios (Liu 1993; Liu et al, 1994).  The production and cost estimates will be combined with price forecasts to estimate the economic value of the production of forest products under the alternative management strategies.  Specific methods for this step include capital budgeting (Klemperer, 1996; Bullard et al, 1999), econometric modeling of prices and net present value analysis (Duerr, 1993; Klemperer, 1996; Vasievich 1999a).  Data on harvest costs and production can be drawn from existing literature and research on northern hardwoods and forestry in the lake states (e.g., Niese and Strong, 1992; Niese et al, 1995; Lin et al, 1996; Lin and Buongiomo, 1998; Potter-Witter et al, 1997) and unpublished data (provided by Karen Potter-Witter, Department of Forestry, MSU). Stand simulations of growth and yield will be done with FVS (Forest Vegetation Simulator), a forest stand dynamics model calibrated regionally for all forest cover types found in our study area (Teck et al, 1996; USDA Forest Service, www.fs.fed.us/fmsc/fvs.htm).  The FVS model is well- suited for the purpose of this project, since it predicts future stand composition and yield based on current conditions (including regeneration) in our field plots.  FVS model will be run using a range of short and long time periods ranging from 10 and 50 years in order to meet the needs of the simulation and sensitivity analysis for Objective #3.  Projected yield data can then be valued with economic data.  Financial returns to forest management can then be derived using standard cash-flow and net-present-value budgeting programs such as Quick-Silver (Vasievich, 1999b; USDA Forest Service, econ.usfs.msu.edu/qsilver).  Sensitivity analysis will be preformed to examine the effects of alternative assumptions regarding future prices, costs, interest rates, and planning horizons.  The outcome of this task will be a set of representative stand-level budgets for each of the combinations of forest types examined in Objective #1.  These budgets can then be used in Objective #3 to assess the alternative management scenarios, including changes in stand regeneration due to altered deer densities.  


Economic value of deer hunting:  To meet this objective, we will develop a model of the economic value of deer hunting in the study area using the travel cost method for estimating the demand for recreation (Stynes 1980, Freeman 1993).  This is a method of non-market valuation that estimates the relationship between recreation site choices and independent variables that represent the cost of traveling the site and other characteristics of the site (Lupi, 2001).  The travel cost model will be estimated using survey data on deer hunting decisions made by individual hunters.  The result will be a spatially explicit model of the demand for, and value of, deer hunting at available hunting sites within the study area.  The methods to be used will allow the economic values to be linked to deer-densities at the various hunting areas.  When combined with data from Objective #1, this linkage can then be used to assess changes in economic values due to deer-hunting that are associated with alternative management scenarios. 


The specific travel cost method to be employed will be a random utility model (RUM).  The RUM approach uses statistical techniques and survey data on hunters’ behavior to establish the relationship between hunters’ decisions of whether and where to go hunting and the quality and cost of alternative hunting sites (Bockstael et al. 1991).  This type of recreation demand model will allow us to test for relationships between hunting site choices and deer densities at specific hunting locations within the study area.  

In a standard formulation of the RUM, the ith individual is faced with J alternative hunting locations.  Each of the j locations is described by Xj, a vector of characteristics for the site (e.g., deer density, buck-doe ratio, average antler beam diameter, travel costs).  The utility, satisfaction, of the jth hunting location is given by a deterministic component, Xij, and a random term, ij., as follows: Uij  =  Xij + ij.  Faced with J alternatives, the probability that alternative k is best can be derived.  The resulting probability functions form the basis for maximum likelihood techniques for estimating the preference parameters, .  These preference parameters indicate the relative contribution of the alternative characteristics to the value of the hunting location.  The statistical form of the RUM we plan to estimate here is a nested-logit (McFadden 1981) with the participation level nested above the site choice level (Morey 1999).  Nested-logit RUMs are readily estimated using full information maximum likelihood methods (Morey 1999, Lupi et al 2000).  Alternatively, if the errors terms are assumed to be distributed normally, the resulting choice probabilities have multinomial probit forms and can be estimated via simulated maximum likelihood estimation methods (Chen et al. 1999).  


The version of nested logit RUM we will employ will follow the repeated RUM method of jointly modeling choice and participation frequency (Morey 1999).  Doing so allows the model to account for the participation decision as well as site choice (Morey 1999).  The repeated RUM and can accommodate individuals that select a single hunting location during the season, as well as those that hunt at multiple sites.  The repeated model is also capable of handling the limited length of the hunting seasons and the different types of hunting seasons (e.g., antlerless, firearm, archery) available within the study area.  


Economic values due to any changes in site characteristics that enter the hunting demand model are calculated from the statistical equations using weak complementarity (Freeman 1993) as applied to the RUM (McFadden 1981; Morey 1999).  Since the resulting estimates are measures of changes in consumer surplus of deer hunters, they are appropriate for use in welfare comparisons such as benefit-cost analyses (Freeman 1993; Hausman et al. 1995).  In addition to deer density and travel costs, we will explore using antler beam diameters and buck:doe ratios as site characteristics. Beam diameter and buck:doe ratio are available from deer check station data. These variables will allow us to test if hunter choices reveal a willingness to have lower deer densities if accompanied by more bucks with larger antlers.


The data on hunting site choices will be collected through a mail survey of licensed deer hunters in Michigan.  Hunting licenses in Michigan are sold through a system of automated teller machines that record sales instantly and electronically.  The license system allows us to draw samples after deer season in a timely manner which limits recall problems sometimes encountered in recreation surveys (Chase and Harada 1984; Fisher et al. 1991).  We anticipate that 1,500 observations will be obtained.  The mail survey instrument will be developed using well-established social survey research techniques including structured interviews in small group settings, as well as individual interviews and pre-testing (Minnis et al. 1997).  The mail survey will be administered through the mail following Dillman’s (1978, 2000) design method and will include a non-response follow-up.  The sampling frame for the mail survey will include non-resident as well as resident deer license holders.  The sample will include hunters that hunt in and outside the study area, and the model will include hunting sites outside the study area to capture the relevant range of substitution possibilities.  The literature demonstrates the need to account for potential substitute opportunities (Hausman et al. 1995; Jones and Lupi 1999).  An analysis of existing deer harvest data (Frawley 1999, 2000) will be used to develop a stratified sampling plan that ensures an adequate sample size of hunters using the study area.  


One of the research steps will be to define the sites that enter the model. The study area will be subdivided to include several spatially distinct hunting sites.  We anticipate that hunting sites within the study area will be identified at the township scale.  Hunting sites outside the study area can be modeled at a larger scale without affecting the ability to model policy effects within the study area (Lupi and Feather, 1998).  While some studies have focused on hunting at public lands (Schwabe et al. 2000), our model will include both public and private hunting sites. We anticipate that ownership will serve as a nesting factor within a nested-logit specification.


Non-market valuation of ecosystem attributes:  The third task seeks to estimate changes in the non-market economic values for the key ecosystem services that we expect to be significantly impacted under alternative management strategies.  For example, the alternative management strategies may affect the quality of habitat for various non-game species (Boxall and Macnab, 2000; Boyle and Tiesl, 1999; Dennis, 1998; Stevens et al. 2000).  Management practices can also affect the aesthetic value of the landscapes (Ribe 1989; Zinkhan et al, 1997).  A random utility choice model of these non-market economic values for alternative ecosystem services will be developed from the responses to stated preference survey questions (Adamowicz et al, 1998; Boxall and Macnab, 2000; Hanley, 1993; Stevens et al., 2000).  This approach will allow us to identify individuals’ preferences for measures of the ecosystem attributes associated with alternative forest and wildlife management strategies in the study area.  The quantitative measures will be selected to be both scientifically accurate and consistent with the language and concepts of the general public. These measures will be used to construct forest and wildlife management scenarios consisting of arrays of the ecosystem characteristics associated with alternative management regimes. Survey respondents will be asked to rank the alternative scenarios. The specific quantities for each forest characteristic and the combinations that are presented to respondents will be defined by applying optimal experimental design principles for stated preferences methods (Steffens et al., 2000).  The stated preference survey rankings data will be analyzed using a random utility econometric model (McFadden 1981).  


While the random utility methodology is similar to that described above for the hunting site choice modeling, there are several important distinctions.  Here, the attributes of forest management alternatives are presented to members of the general public who are then asked to state their preference over the alternatives.  The sample will include, but is not limited to hunters and members of the timber industry.  In addition, the choices being modeled are choices over management regimes, and their ecological outcomes, for the study area, as opposed to choice over hunting location.  With that reinterpretation in mind, a statistical equation much like to one described above is used to model individuals’ choices over J possible management scenarios that differ in their characteristics (Xj’s).  Here the characteristics will include key ecosystem outcomes that vary across possible management scenarios.  These characteristics provide the linkage between the public’s preferences and the ecological factors quantified under Objective #1.  We anticipate that characteristics will include silvicultural practice, diversity of interior bird species, deer abundance, plant diversity, and aesthetics. However, we stress that developing the exact attributes that will be used in the preference elicitation is a major research step. The first year of the project will be devoted to qualitative research aimed at developing and refining these attributes, as well as developing appropriate background information on the attributes.  


One of the challenges of this research step is to develop survey information treatments that adequately inform respondents of the ecosystem attributes and functions, yet do so in a manner that is comprehensible and is not overly burdensome (Hoehn et al., 2000; Schwarz, 1997).  In light of the complex ecosystem information that will be presented to respondents in this phase of the research, considerable effort will be devoted to qualitative research aimed at developing a sound survey instrument.  Methods to ensure the development of a quality survey instrument include focus groups, interviews with professionals in the technical field, previous research, in-depth field interviews, understanding of related institutional structures, and survey pre-testing (Boxall and Macnab, 2000; Zinkan, Holmes, and Mercer, 1997; Reddy and Bush, 1998; Haefele and Loomis, 2001).  The qualitative research will consist of review of previous studies and surveys, interviews with forestry and wildlife management professionals, directed group interviews and extensive one-on-one interviewing (Kaplowitz and Hoehn, 2001), followed by a thorough instrument pre-test stage.  The resulting questionnaire on preferences for various forest-wildlife management options within the study area will be administered by mail to a stratified random sample of adults. We will also collect data on uses of the study area, attitudes toward forest and wildlife management in the study area, environmental attitudes, knowledge of ecosystem functions, and demographics. The survey will use a tailored-design survey approach including follow-up correspondence (Dillman, 1978, 2000).  Mailing addresses will be obtained from the Michigan Secretary of State’s Office.  This list, which is only available for research use, has been successfully utilized in prior studies by the PIs and human dimensions research lab.


The sample frame includes individuals residing within and outside of the study area. The population outside the study area includes individuals who may visit the area for recreation, as well as some who never visit but who may express preferences for the ecosystem attributes of the area. The sample will be stratified into three groups: residents of the study area, residents of neighboring counties, and other Michigan residents.  We anticipate obtaining about 700, 400, and 400 responses from each of the respective strata.  These sample sizes will permit us to test for preference differences across strata.  The sample size will also allow us to segment people based on responses to attitudinal and behavioral questions and use likelihood ratio methods to test for differences in the estimated preference parameters across key stakeholder groups.


The estimated choice model will be suitable for quantifying the public’s preferences and values for alternative forest and wildlife management policies in the study area.  Management scenarios can be assessed by determining the vector of forest and wildlife attributes associated with each of the management scenarios (this part is accomplished in Objective #1).  The vectors of attributes for various scenarios can then be compared with the status quo and with each other to assess the publics’ preferences, and their associated economic values, for the alternatives.

Methods for Achieving Objective 3: Predict the ecological and economic effects of new management scenarios across the landscape. 
To achieve Objective #3, we will develop a systems computer simulation model to integrate various sources of information (Fig. 1) from Objectives #1 and #2. 

Model Structure, Input, and Output. The computer model will be spatially explicit such that the locations of objects (e.g., stands) are explicitly built into the operation of the model (Dunning et al. 1995). Spatially explicit models are effective in accounting for the ecological and socioeconomic differences among different locations in landscapes and allowing analysis of spatial interactions (Liu 1993, Liu et al. 1994, Liu et al. 1995, Dunning et al. 1995). Because management practices and landscape structure often vary across space, spatially explicit models are especially warranted (Turner et al. 1995). 

The model will consist of components such as management scenarios, landscape structure and composition, vegetation, and wildlife (deer and birds) (Fig. 1). All the components are interrelated and the interrelationships are identified in Objectives #1 and #2. For example, landscapes are directly affected by management practices. Changes in landscapes, in turn, modify forest composition and structure as well as wildlife habitats. Economic costs and benefits will also be affected. Model inputs include management practices, initial landscape structures (from 2002 Landsat data), and quantified relationships among different factors from Objectives #1 and 2 (described above). Model outputs include ecological and economic consequences of management practices. Examples of model outputs are forest composition and structure, spatial pattern, populations and habitat conditions for deer and bird species, and economic costs and benefits (market and non-market values) from different management practices. 
 
Modeling tools. The model will be programmed in an advanced computer programming language (C++) and implemented in a Sun workstation and PC. C++ is an object-oriented language, and it is much more efficient and powerful than other programming languages such as FORTRAN and C (Ellis and Stroustrup 1990; see Liu 1993 for an example of using C++ for ecological-economic applications). Management practices can be incorporated into the systems model as rule-based algorithms (e.g., IF… THEN statement in computer programs) (Starfield et al. 1994). A graphic user interface will also be developed using Tcl/Tk (Welch 1995; see Liu and Ashton 1998 for applying Tcl/Tk to landscape studies), which is more efficient and portable than traditional windowing programming languages such as X-windows and Motif (Liu and Ashton 1998, 1999). Geographic information systems (Arc/Info and ArcView) will be linked to the systems model in order to analyze and display the spatial patterns of forest and wildlife populations and habitats. The linkage between geographic information systems and the systems model will enable us to initialize and run simulations on real landscapes (Maguire et al. 1991, Liu et al. 1995).

Simulation Procedures. To determine long-term impacts of various management alternatives and landscape context, each simulation will be run for 10-50 years. Some processes in the model will be stochastic to mimic what happens in real landscapes. Because of the stochastic nature, a number of replicate runs will be necessary for each simulation. The exact number of simulation replicates will depend on the variations among different runs (Grant et al. 1997). 

Model Validation. Two thirds of the data will be used for model development and one third will be reserved to validate the model. The model will be tested against the independent data reserved for model validation. Appropriate statistical testing methods (e.g., paired t-test) will be used for testing the model performance (Grant et al. 1997; Liu and Ashton 1998). 

Sensitivity Analysis. After the model is validated, we will use sensitivity analysis to evaluate the importance of parameters in the model and further test the behaviors of the model (Jørgensen 1986, Pulliam et al. 1992, Liu et al. 1995). A sensitivity analysis is used to test how a model’s output responds to changes in the components of interest (Jørgensen 1986; Starfield and Bleloch 1991; Turner et al. 1994; Liu et al. 1995). Sensitivity analyses can help researchers and managers to focus their effort and time on the most sensitive system components (Hunsaker and Carpenter 1992; Pulliam et al. 1992).  Parameter sensitivity can be measured in several ways (Jørgensen 1986; Turner et al. 1994). For example, the widely used sensitivity index (Jørgensen 1986) indicates high sensitivity when the index value is high. To evaluate the sensitivity of multiple simultaneously changing parameters, we will use the methods of Haefner (1997). A factorial design will be used to assess sensitivity and interactive effects of the multiple parameters. 

Future Spatial-Temporal Dynamics of Ecological-Economic Effects under Different Scenarios. The model will not only provide insights into how management practices and landscape context interacted in the past, but also will project how interactions would change in the future under different landscape context and management. Through scenario simulations, we can assess what needs to be done to achieve a specific set of objectives. For example, to maintain a certain level of deer and bird populations as well timber and non-timber, how should management practices be changed? If the trend of current management practices continues, how will deer and bird habitats and populations as well as timber and non-timber change?

To investigate these questions, we will develop a series of possible landscape context and management scenarios and simulate their long-term ecological and economic consequences. We will work together with different stakeholders (e.g., MDNR, The Nature Conservancy, Sand County Foundation, NGOs, US Forest Service, and Industry) in the process of developing and simulating various scenarios. An obvious scenario would be status quo, i.e., this scenario uses the current values for model parameters. Examples of possible alternative landscape context and management scenarios include one or more combinations of the following options: limiting management to specific areas, arranging wildlife habitats in different spatial patterns, and implementing measures to offset negative effects of management practices. 

Timetable and Quality Assurance

Table 1. A summary of project schedule (from September, 2002 - August 2005). 
	Task
	Sub-Task
	Year 1
	Year 2
	Year 3

	Data collection
	Field and survey data collection 
	(
	(
	(

	
	Acquiring remote sensing data 
	(
	(
	

	Data Analysis and Integration
	Analysis of data
	(
	(
	

	
	Model development
	
	(
	

	
	Model validation and simulation
	
	(
	(

	Information Dissemination
	Presentations at meetings
	(
	(
	(

	
	Manuscript preparation for peer-reviewed journals
	
	(
	(

	
	Web site construction and update
	(
	(
	(

	
	Meetings with various stakeholders
	(
	(
	(


We have developed a systematic approach for quality assurance in data collection, data management, data analysis, data integration, and information dissemination. The PIs and collaborators have extensive experience in the skills needed for the proposed project. For all analyses, appropriate computational and statistical methods will be used based on the underlying assumptions for data, appropriate test statistics, etc. Each analysis will be carefully planned and documented for use in final project reports and publications. The field crews will be trained in the relevant techniques based on established protocols. Throughout our proposed project, meetings will be held among the team members to review the project progress, discuss future tasks, and solve potential problems. 

To ensure the successful completion of the proposed project, we have laid a solid foundation through our previous and ongoing research related to this proposed project, have established excellent facilities, and have formed and maintained a most qualified research team. All key personnel have experience in leading or participating in interdisciplinary research projects. Three outstanding Ph.D. students (Ed Laurent, Joseph LeBouton, and Laila Racevskis, under the directions of Liu, Walters, and Lupi, respectively) have been working on the project currently supported MDNR. They started their Ph.D. programs in the summer or fall 2000. All students have strong quantitative backgrounds and field/survey experiences. Each student has his or her own emphasis, but interacts closely with each other and the PIs to ensure the integration of the project. They will also work closely with the postdoctoral associate that we propose to add to the project. The major role of the postdoctoral fellow is to integrate across different aspects of the project through modeling and simulation (Objective #3 in the proposal). 

In addition to the people listed above, a number of experienced field biologists and land managers from the MDNR (e.g., Dr. Bob Doepker), International Paper (Dr. Mike Young), The Nature Conservancy (Dr. David Ewert), and Sand County Foundation (Kevin McAlese) have been actively participating in our project. These colleagues have long hands-on experience with research and management of forest and wildlife resources in our study area. We have previously worked or published with these collaborators (e.g., between Liu and Doepker)

To widely disseminate the results from this project, we will give presentations at professional meetings and write manuscripts for publications in peer reviewed journals. A web site will also be constructed and routinely updated so that other researchers and the general public can share our methods, data and other information in a timely manner. In addition, we will meet with various stakeholders (e.g., agency professionals, extension personnel, industry land managers, policy makers, the general public, land owners, and NGOs) to present our results and to receive feedback from them (including model demonstration and revision based on stakeholders’ needs). An ultimate goal of our project is make it useful for better resource management.

Significance of the proposed research

To aid more effective resource management, it is critical to quantify ecological and economic effects of past and current management practices and to predict future consequences of new management alternatives simultaneously for key ecosystem goods and services across multiple temporal (years and decades) and spatial scales (stands and landscape). We believe our research will contribute significantly to the basic understanding of how managed forest landscapes function and influence the practice of forest management. These contributions will be particularly unique since we: 1) simultaneously consider and closely integrate human-wildlife-forest interactions in a landscape context for a managed landscape with a broad range of forest types, avian community, deer densities, and management practices; 2) simultaneously collect ecological and economic information and integrate it using a systems modeling approach, and; 3) have the ability to robustly predict ecological and economic effects of a broad range of management scenarios as our model explicitly considers landscape context and will be calibrated with empirical data. These features will make the model a valuable tool for planning forest management activities to achieve multiple objectives of various stakeholders.
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G. Facilities and Equipment

All the principal investigators maintain fully equipped office/laboratory facilities with administrative support and office equipment such as copiers and fax machines. All the major equipment required for the project already resides in Liu, Lupi and Walters’ laboratories or is available for their use from other sources. This equipment includes computer work stations that are updated every two years (Liu, Lupi, Walters), modern GIS facilities (Departments of Forestry and Wildlife and Fisheries) two Li-Cor LAI 2000 plant canopy analyzers for obtaining on the ground vertical profiles of leaf area index (Walters), general field supplies (Walters, Liu), global positioning systems (Liu, Michigan DNR), remote sensed data bases (Michigan DNR), compartment maps and harvest records (Michigan DNR, International Paper, Mead Corporation) and the FVS forest stand dynamics model (United States Forest Service)  Our ability to secure all  equipment and existing data required to accomplish our proposed project will contribute to a high information to cost ratio.

In Liu’s lab, it is well equipped with global positioning systems (1 Trimble Pathfinder Community Base Station, 2 Pathfinder Pro XRS Rovers, and 6 GeoExplorer II Rovers
). In terms of computer hardware, there are 1 Windows NT Server, 4 Sun Solaris Unix Servers, 5 Windows NT Workstations, 1 Apple (Mac) Workstation, 4 Windows Laptops, GTCO AccuTab Digitizer, HP LaserJet printer, Apple Color Laser printer, and HP Scanner. Remote sensing and GIS software include: Erdas Imagine 8.4 (UNIX/Windows), ArcInfo 8.0.2 (UNIX), PC ArcInfo (Windows/Dos), ArcView 3.2 (UNIX/Windows), MathWorks Matlab 5.3 (UNIX), and PCI EASI/PACE 6.2 (UNIX). Statistical analysis software consists of SPSS (UNIX), SAS (UNIX/Windows), and Systat (Windows). Database management software includes Microsoft Access2000 (Windows), and Excel2000 (Windows). All these hardware and software are available for the proposed project. In addition, Liu and his students have full access to a GIS Research/Teaching Lab (including 15 powerful UNIX workstations) that Liu helped establish. 

Lupi has two offices, one in the Department of Agricultural Economics and one in the Department of Fisheries and Wildlife. Lupi receives secretarial and professional staff support from both departments. The Department of Agricultural Economics provides excellent office space for graduate students in Cook Hall and maintains a large computer laboratory for research assistants and graduate students. Lupi has research space and facilities in the Human Dimensions Laboratory of the Department of Fisheries and Wildlife. The lab has computer equipment (computers and printers) as well as research carols for research assistants. The Human Dimensions Laboratory is laid out with large tables and other facilities for coordinating and managing survey research. The MSU Department of Communications also has excellent facilities for conducting qualitative research such as structured group interviews and has been used extensively by Lupi and colleagues in related survey development efforts. If needed, the researchers can also avail themselves the services of the Survey Research Division at MSU. 

Walters’ department has a field station (Upper Peninsula Tree Improvement Station, www.maes.msu.edu/uptic/uptic.htm) located approximately 30 miles southeast of our study area. The field station has a kitchen, sleeping accommodations, modern computer facilities, storage space and some scientific equipment including drying ovens. The site employs a station manager, two technicians and administrative assistant and student summer help. These personnel are currently providing Walters with very capable assistance on other projects and are willing to assist on the research we propose here. We anticipate that we will use the station for lodging (as we did in the 2001 field season), computer facilities and the assistance of the support staff and regularly for the storage and processing of samples and data (e.g, unidentified plant samples, downloading data). In addition we have access to inventory data bases and office space at our cooperators offices at Escanaba, MI (Mead Corporation) and Norway, MI (International Paper, Michigan DNR). Most of these data are also available electronically and most of the work done with it will be accomplished at Michigan State University. However, access to these data, close to our field sites (15-50 miles away) will be extremely valuable. 

H. Collaborative Arrangement (Letters of Support)

I. Vitae and Publication Lists

J. Conflict of Interest Lists

L. Budget (Form CSREES-55)

M. Budget Justification

Relationship of this funding request to the funding from other sources.  The items requested in this proposal (salary for a post-doctoral associate, operating funds for three Ph.D. students) are not being supported nor are they requested from any other funding source. Half time research assistantship support for the three Ph.D. students (assistance in Objectives #1 and #2) is being provided by Michigan Department of Natural Resources from August, 2000 to September, 2004 and is not requested here.  Funding from MDNR just covers the graduate students’ salaries such that they presently have no operating funds.  Funding from the MDNR was given with the understanding that we would seek funding from other sources to support the rest of the project.  Thus the funding we request from USDA is critical since operating funds are required for data collection and for support of a post-doctoral associate who will be responsible for project integration and model building (focus on Objective #3 in the proposal). The timing for this request is perfect because the students will have finished most of their courses.

One time funding for 2001 of $24,590 was awarded to this project from a competitive McIntire-Stennis grants program (MSU).  These funds were instrumental in proving operational support to start the project in summer of 2001.  They have also been used to purchase some of the supplies necessary for the completion of the project (e.g. a laser rangefinder for measuring vertical structure).  Like MDNR funding, McIntire-Stennis funding was secured with the understanding that funds would be sought from other sources to complete major funding requirements for the project.

Salary and fringe for a postdoctoral associate: The annual salary starts with $35,000 with an annual increase of 5%, and the fringe rates are 33.0%, and 33.5% for years 2, and 3, respectively. (The salaries for the PIs are provided by Michigan State University.) 

Field Equipment (Supplies): Field equipment/supplies are required for the two crews working primarily on the Wildlife Ecology portion of the project and the two crews working primarily on the Forest Ecology portion of the project.  The Forest Ecology crews’ primary responsibilities are measuring vegetation structure and composition.  The Wildlife crews’ primary responsibility is censusing bird populations.  All crews will census deer populations.  In addition, due to large data requirements, and because bird censusing is limited to early morning and early evening hours, the wildlife crews will also help to collect vegetation data.  Our requirements for field equipment reflect these duties.  We already have all other equipment/supplies necessary. The total equipment budget is $8,008, and breaks down as follows ((number of units) $ total): aluminum writing/storage tablets (4) $80, compass (4) $160, Trimble geo-explorer GPS for georeferencing (1) $4500, binoculars (bird crews only) (4) $600, Audio tapes (bird crews only) (2) $100, map book sets (4) $160, hip chains (4) $448, 20” increment bore (4) $1200, tree diameter tapes (4) $140, Spencer Logger’s Measuring Tapes (4) $120, Equipment vests (8) $400, Equipment containers (6) $100.

Hourly technical help. The salary budget includes wages for undergraduates and graduates with MS degrees in the following amounts: $47,520 in year 1, $47,520 in year 2, and $13,200 in year 3.  This increase was in response to the comments by one of the reviewers on our previous proposal. These are requested for four undergraduate technical assistants (@7.50/hr), and two Master’s degree technical assistants (@$12.00/hr) for years one and two, and two undergraduate technical assistants (@7.50/hr) for year three.  These technicians will assist with the field data collection, survey administration, and data processing in the laboratory.  This level of staffing will result in two, two-person field crews for each of the Forest Ecology and Wildlife Ecology portions of the project. For each portion, one field crew will be headed by the Ph.D. student, and the other will be supervised by the technician with MS degree (with close daily oversight by the Ph.D. student and with frequent interactions with the PIs).  We request funds for the MS and undergraduate technicans for the duration of the field season plus approximately four weeks (for lab duties), for a total of 22 weeks each year for each person.

Travel costs for field work and meetings.  

The budget includes travel in the following amounts:  $27,200 in year 1, $27,200 in year 2, and $13,600 in year 3. These are required for field vehicles, occasional lodging, daily food per diem while in the field and, travel to professional meetings.  For vehicles, in years one and two, we require two field vehicles, fuel and maintenance for each of the Forest Ecology and Wildlife Ecology components.  All four vehicles  (one per field crew) will be leased for 5 months in each year.  Year three will be similar except that, because there will be only a total of two field crews, only two vehicles will be required.  Lodging is requested for 30 field days (of the approximately 100 total field days).  The rest of the days will be spent camping. A per diem of $8 per person, per field day, is requested for 100 field days, for each year. Professional meeting travel is requested for each Ph.D. student and PI to attend one regional or national meeting (e.g. ESA, IUFRO) in years one and two, and two meetings in year three. The field work travel budget is specified below in Budget Justification (Table 2).

Costs listed under category I: “All Other Direct Costs”.  This budget category shows amounts of $20,540 in year 1 and $49,480 in year 2.  These costs reflect the economic surveys under objective 2.  A more detailed table of these costs is attached (Budget Justification Table 1).

Year one. Survey development will occur during the first year, so year one includes the following costs:  $14,140 for focus group research; $1,200 for printing of a preliminary survey and other focus group materials; and $5,200 for one-on-one pretesting of survey instruments.  The $14,140 budget for focus groups is for seven focus groups (two for the hunter survey and five for the ecosystem preference survey) to be held in the Upper Peninsula at a cost of $2,020 each.  The breakdown of the $2,020 is as follows:  $500 for facilities rental, $320 for payments to participants (8 participants at $40 each), $600 for costs of recruiting the participants, and $600 for travel to the study site (3 @ $200 each).   The one-on-one pre-testing cost of $5,200 is for four pre-testing sessions (two for the hunter survey and two for the ecosystem preference survey) to be held in the Upper Peninsula at a cost of $1,300 each.  The breakdown of the $1,300 is as follows:  $100 for facility rental, $400 for payments to participants (20 participants at $20 each), $200 for costs of recruiting the participants, and $600 for travel to the study site (3 @ $200 each).  

Year two.  In year two, the survey will be implemented.  For ease in explaining the budget, the printing and mailing of the two surveys (hunter survey and ecosystem preference survey) are discussed jointly.  The anticipated response is a total of 3,060 surveys returned, about 1,500 for each survey.  This means that 6000 surveys are mailed in the first wave of the survey.  Almost twice that will be printed due to the follow up mailings.  The $49,480 survey costs in year two is derived from the following: $22,440 for printing of surveys (11,220 surveys @ $2 each);  $7,405 for the envelopes with printed return addresses (2 for each of the 11,200 surveys @ $0.33 each );  $2,835 for printing & mailing of postcard reminders(6,300 at $0.45 each);  $10,210 for mailing charges (first class bar code so that we are only charged for surveys actually mailed back – a total of 13,260 surveys mailed out and returned at $0.77 each);  $4,590 for basic data-entry coding of returns (3,060 @ $1.50 each); and $2000 for the brief follow-up interview, split-sample postcard/telephone, to assess possible non-response effects.

Budget Justification Table 1:  “All Other Direct Costs” = Survey Costs.
	
	
	
	
	
	
	

	
	
	
	Year 1
	Year 2
	Year 3
	Total

	
	
	
	
	
	
	

	Focus groups, total
	
	
	$14,140 
	 
	
	$14,140 

	Pre-testing total
	
	
	$5,200 
	
	
	$5,200 

	Sample
	
	
	$1,200 
	
	
	$1,200 

	Printing (@$2 each)
	11,220
	
	
	$22,440 
	
	$22,440 

	Envelopes (2 each @ 0.33 )
	22,440
	
	
	$7,405 
	
	$7,405 

	Postcard print & mail (.45)
	6,300
	
	
	$2,835 
	
	$2,835 

	Mailing costs
	
	
	
	$10,210 
	
	$10,210 

	Data entry
	
	
	
	$4,590 
	
	$4,590 

	Non-response follow-up
	
	
	
	$2,000 
	
	$2,000 

	Survey total
	
	
	$20,540 
	$49,480 
	
	$70,020 

	
	
	
	
	
	
	


Budget Justification Table 2:  Description of field work expenses.
	
	
	Year 1
	Year 2
	Year 3
	Total

	Travel to Field Sites:

Forestry/wildlife component
	
	
	
	

	
	
	
	
	
	

	Field work
	 truck leases  @
	$16,000 
	$16,000 
	$8,000 
	$40,000

	
	 $1000/mo. w/mileage x 4 mo. /year (4 trucks at years 1 and 2, 
	
	
	
	

	
	2  trucks for year 3)*
	
	
	
	

	
	
	
	
	
	

	Food
	Food  $8/day x 100 field days x 8 people (yrs 1,2) or x 4 people (yr 3)) **
	$6,400
	$6,400
	$3,200
	$16,000

	
	
	
	
	
	

	
	
	
	
	
	

	Lodge
	Lodging (double occupancy)
	
	
	
	

	
	$40/night for 30 days x four crews years 1 and 2 and two crews year 3 ***
	$4,800
	$4,800
	$2,400
	$12,000

	
	
	
	
	
	

	
	
	
	
	
	

	
	Sum (field work travel)
	$27,200
	$27,200
	$13,600
	$68,000

	
	
	
	
	
	

	
	
	
	
	
	

	*Two trucks are required by the Wildlife crews  and the other two by the Forestry crew in years 1 and 2.  

One truck is required by the Wildlife crew and one by the Forestry crew in year 3.  The vehicles are 

required for four months in each year and are for field work only.

** Food per diem is requested for field days.  

** Lodging is requested for 30% of all field days.  The remaining days will be spent camping. 




N. Current and Pending Support (Form CSREES-663)

O. Assurance Statements (Form CSREES-662)

R. NEPA Form  (Form CSREES-2006)
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