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Executive Summary 

This report is an evaluation and summary of work conducted by Pacific Meridian Resources/ Space Imaging Solutions with respect to the remote sensing component of the IFMAP project. It also lays out the future direction of the remote sensing component of the project. Remote sensing is s central component of this project and aims to produce both produce both a coarse resolution Landsat TM derived land cover map of the whole of the State of Michigan and a high resolution land cover map for lands managed by the Michigan Department of Natural Resources. To achieve these objectives different sensors and techniques have been evaluated. 

To develop a land cover map a classification scheme needs to be developed. The project has developed a complex hierarchical classification scheme that is based on canopy characteristics. This classification scheme was arrived at after extensive consultation with field staff in all ecoregions. The classification scheme starts with the major land cover types and subdivides these types into more detailed classes. The natural land classes have the greatest detail with forest type associations at Level 3 detailed land cover classes at Level 4. The Level 4 class label also has a stand size variable and a canopy closure variable. The final landscape stratification that will be used for the calculation of the stratified inventory will fall somewhere between Level 3 and Level 4. The classification system is consistent across spatial scales.

The statewide map will be built from the analysis of triple date Landsat imagery, this imagery is taken in spring, summer and fall, which allows the use of seasonal differences between cover types to aid interpretation. A combination of supervised and unsupervised classification techniques have been used to classify Southern Michigan and will be applied to the rest of the State.

Four types of high resolution imagery were captured over the pilot area in Grand Traverse and Wexford Counties. Each of these types of imagery has been evaluated for its utility for the IFMAP Project. A number of methods have been investigated that classify and segment the imagery. Although the results have proved useful, they do not capture the level of detail desired by the field, likewise the delineation of stands is sufficiently different from what foresters are used to looking at that it was decided that automated processing of the high resolution imagery was not going to generate the information field forester require. The imagery and classification methods used are detailed in the report.

Consequently at a meeting of the IFMAP advisory group on September 18th 2000 it was recommended and decided to move forward on a plan that would use manual delineation methods over the digital imagery, and field labeling of these polygons. This method would be facilitated with the GDSE software and would be within a quality-controlled system.

As a result of this investigation Emerge Imagery was acquired over 767,000 acres over the State of Michigan this summer, that will be used for mapping in the coming year.

1.0

Introduction

1.1 Background

The use of remotely sensed data is an integral part of the Michigan Department of Natural Resources IFMAP Project, and will be incorporated into the project wherever it will provide advantages in cost or efficiency while maintaining accuracy required for decision making.  Remote sensing will provide information at two scales of analysis: an ecosystem scale where data will aid management of DNR lands within the context of their ecosystem, and an operational scale: where data will aid the day to day management of DNR by foresters, wildlife biologists and other DNR personnel.  

Remote sensing at an ecosystem scale will help produce a map of land cover over all ownerships within the State of Michigan (Figure 1). This map will be used in combination with stratified inventory data over all ownerships measured by the United States Department of Agriculture, Forest Service, (USDA, FS). These data are collected as part of the Forest Inventory and Analysis Program  (FIA). The combination of the statewide maps and the FIA inventory data will allow the production of a variety of maps and reporting products that can help answer landscape scale, and statewide planning questions.  The detail of this map will not support specific operational decisions. More details on the use of FIA and other inventory data are presented in the companion document “IFMAP; Inventory Report, January 2001”.
Since the resolution of the statewide map will not support operational decision making it is necessary to develop information at a higher resolution, in terms of the maps and the information stored in them. It is intended to use higher resolution imagery (1 m vs. 30 m) to support the development of a high-resolution land cover map. This map will support the standardized field survey that will gather location specific information that can be used for management. Details of the high-resolution inventory will not be covered in this report but are given in the companion document “IFMAP; Inventory Report, January 2001”. 

This report summarizes the remote sensing investigation carried out as part of the IFMAP project over the period of April 1999 – January 2001. These investigations were carried out to find the most promising methods and imagery to achieve the objectives of the IFMAP project i.e. the production of land cover maps at the two scales mentioned above. The report delivered to MiDNR in January 2000, and the presentation to the Technical Oversight Committee (TOC) in January 2000 will complement this report. We have aimed to avoid duplication between the details in this report and the previous report, so when necessary the reader will be referred to that report for background information. This report contains our best assessment of the technologies and processing capabilities to achieve the objectives of the project. It also details the approaches we have to taken and the results found. 

1.2 Purpose of this Document 

This document was first drafted in the summer of 2000, it has since been updated as the technology has been evaluated and the focus of the project has developed. The role of remote sensing for the achievement of the goals of the IFMAP project have been constantly evaluated and this report was revised in January 2001, and June 2001. This current revision gives both a report on the evaluation that has been carried out to test the use of remote sensing for the IFMAP project and lays out the direction the project has moved in. Aspects of this report will be updated as the project progresses to rollout because of the constant changing of the remote sensing landscape with respect to sensors and image processing routines.

The specific goals of this report are:

1. To report on the work carried out to investigate the potential of new and existing remote sensing technologies and their processing to the production of a coarse resolution (30 m) statewide land cover map to support statewide assessment and planning and a high resolution (1 m) land cover map to support operational decision making. 

2. To report on the modification of the methods used to develop the hierarchical classification scheme.

3. To outline the proposed approach for developing a coarse scale land cover map for the whole of the State of Michigan.

4. To outline the investigation results and proposed future coarse for developing a high resolution land cover map for State ownership.

5. To outline the approach for assessing the accuracy of the resulting maps.

6. To report on areas of research that are ongoing to help answer outstanding questions relating to making the remote sensing element of IFMAP operational.

7. To promote discussion of ideas with the Technical Oversight Committee and MiDNR staff.

8. To provide a written record of the research carried out as part of the project

1.3 Definition of Terms

	Term
	Description

	NLCD
	National Land Cover Data (USGS, 1997)

	BWIR
	Black and White Infra-red

	LTA
	Land Type Association (sub-ecoregions)

	IFMAP
	Integrated Forest Monitoring, Assessment and Prescription

	FIA
	Forest Inventory and Analysis

	USDA FS
	US Department of Agriculture Forest Service

	TOC
	Technical Oversight Committee

	GDSE
	Geographic Decision Support System

	SFS
	Standardized Field Survey

	FGDC
	Federal Geospatial Data Committee

	NOAA
	National Oceanic and Atmospheric Administration

	CCAP
	Coastal Change Analysis Program

	EDC
	EROS Data Center, North Dakota

	AOI
	Area of interest

	NCRS
	North Central Research Station of USDA Forest Service, St Paul, Minnesota

	CE 90
	Mean that 90 times out of 100 the coordinates on the map are within the stated accuracy.

	NIR
	Near infra red spectral band

	NDVI
	Normalized Difference Vegetation Index

	PCA
	Principal Components Analysis


Table 1 Definition of terms

1.4 Content of the Report

This report contains sections that relate to each of the objectives outlined in 1.2.

Section 1.5 describes how the classification system has been developed and has been finalized over the year. This section also shows the detailed breakdown of the classification system. Further details of the system including decision rules are given in Appendices A and B. 

Section 2.0 describes how remotely sensed imagery will be processed into a coarse resolution map. This section describes the selection of imagery, preprocessing, development of training sets, determination of cluster production and quality control of final map. 

Section 3.0 describes the investigation of the high resolution sensors for production of the high resolution land cover map. This section reports on the analysis of four sensors with respect to their ability to deliver information on species, size class, canopy closure and delineation of stands. The section also evaluates the operational values of the imagery with respect to delivery, mosaicing and cost. Based on this information the preferred approach to the generation of the high resolution map is given. Outstanding issues are identified. 

Section 4.0 summarizes the data gathered so far and describes the development path for the remote sensing component of the IFMAP project.

1.5
 Classification System

1.5.1 Development of classification system

The purpose of any classification system is to categorize the required mapping information into a useful format.  The classification system is driven by the anticipated uses of the data and by the natural variation in vegetation and land cover found across the landscape.  Classification systems take complex sets of information and organize them into useful categories.  Classification systems should be (1) totally exhaustive (all things must fit into a category), (2) mutually exclusive (two different things cannot have the same name), and (3) hierarchical.  A hierarchical scheme is one that contains various levels from very broad categories to more detailed ones. Although classification schemes do not have to be hierarchical, and ecosystems may not lend themselves easily to this, it is usually desirable to create a hierarchical system so that information can be scaled easily from detailed categories to more broad categories. This is especially useful when the data will be used by a wide variety of personnel for different purposes, as is the case in this project.  A classification system also has two very critical components:  (a) a set of labels and (b) a set of rules or a system for assigning labels.  Without a clear set of rules, the assignment of labels to types would be arbitrary and lack consistency. 

The Pacific Meridian Resources Team has been working closely with the MiDNR personnel since the beginning of this project to develop a suitable classification scheme that meets the needs for both the coarse and high resolution mapping efforts.  The objectives of the classification scheme are to provide useful land cover labels for forest and wildlife management, provide suitable strata to support stratified inventory data, and to generate land cover information for use by managers and researchers in the field and in Lansing. PMR and MiDNR have been working to determine these needs at both the coarse and high resolution level and match these needs with the capabilities of various remote sensing systems.

MiDNR project members are involved with developing new classes based on regional needs to the classification based on their cover-type mapping requirements, local geography, specific management areas of interest, and expertise. At the time this report is written the classification system was developed for Southern Michigan and the Pilot Area (Traverse City and Cadillac Management Units) in 2000. In January and February 2001, the process described below was undertaken in the Eastern Upper Peninsula, Western Upper Peninsula, and revisited in the Northern Lower Peninsula, to develop the classification system that is now described in Appendices A and B.

The process that has been developed is described briefly below:

a) The classification system will be consistent over the whole of the State at all levels in the classification system. Eco-regions will vary in whether they have all landscapes classes, however definition of classes will be consistent statewide. Additional classes may be recommended and defined as long as the definitions are consistent with the existing classification hierarchy

b) The mapping process is started with a kick off meeting, at this meeting the purpose and basis for the classification system is explained and introduced to MiDNR staff. The classification system as it stands is described and the decision rules explained.

c) After this meeting local MiDNR experts may propose vegetation classes that are essential for management but do not yet appear in the system. At this point they describe under which Level 3 class the new class would fall.  

d) These new classes are presented at the classification meeting where the PMR/MiDNR team develops decision rules based on this listing of species associations that is exhaustive and mutually exclusive. Each ecoregion aims to keep the number of classes to a minimum, and ensure that classes agree with the definitions of the other ecoregions. The rule established for this classification system is that each class should have a local management objective. If management would be the same on two classes these classes should be merged. The classification system and rules are developed for these additional classes and a new set of classes and rules are distributed for review.

The class structures, Level 3 for the statewide map, and Level 4 for the high-resolution classification, are shown in Appendix A.

The advantages to operational decision making of mapping cover types made up of species associations rather than using individual species are that 

a) species associations tend to relate to site quality and therefore forest growth and management 

b) species associations may provide better strata for inventory estimates, prescription generation, and growth and yield modeling

c) species associations may relate better to Gap and Kotar classifications

d) species associations may be easier to map through modeling from reliable ancillary data sets are available (i.e. soils, elevation, moisture) because they exist within a landscape unit that may have similar water regimes and soils. 

1.5.2 Development of rules

In this section we will look at the rules of the major categories and explain the rationale for choosing these decisions. Although we have tried to keep these rules simple they have by the nature of the complexity of the natural ecosystems become complex. The rules are based initially on the percentage of the ground covered by a specific vegetation cover. Vegetation is broken into woody and non-woody, with the definition of woody being a plant that contains a secondary xylem (dicotyledons and conifers) (Allaby et. al, 1992), then into shrub and tree. Although the difference between definitions has been argued many times, we have for the purposes of this classification system defined woody vs. shrub on the basis of species rather than form. The reason for this being that tree species can occasionally have a shrubby form, and shrub species can grow to the height of trees. An example of this would be Amelanchier arborea, or serviceberry. This is a species commonly referred to as a shrub, but often growing to the height of an understory tree.

The division between forest and non-forest, and vegetated and non-vegetated has been set as 25% of the ground cover. This is in line with the Gap classification system and other remotely sensed classification systems, and the national vegetation classification scheme approved by the FGDC. This is, however, different from the FIA definition of forest which is 10% stocking, being an undefined percentage of canopy closure, and of the NOAA CCAP program that defines forest as 50% tree canopy cover and tree as woody material > 6ft.

The other definition used at Level 1 is the separation of upland and lowland systems, for this classification this has been defined as areas that have hydric soils and are permanently or temporarily inundated. This definition is wider than that usually used for wetlands and so is called lowlands. This definition is useful from a species association and productivity standpoint. The determination of a lowland site in the field is done by the field staff. From the mapping perspective we are using a variety of datasets including, national wetlands inventory, soil hydrologic class and previous land cover classification (MIRIS 1978, SEMCOG, or other).

At level 2 most of the rules are self explanatory, however the 60% rule between Coniferous and Deciduous was set so that only those stands that were neither dominated by coniferous or deciduous would fall into the mixed stands. An important distinction to make is that the class divisions are driven not by percent of ground covered, but by the percent of the canopy that is constituted by a specific type of crown. This makes the divisions independent of total crown cover. All of the subdivisions of the forest types to Level 3 and Level 4 are determined by percent crown closure. 

1.5.3 Classes

A listing of the classification scheme and the rules developed to derive the classes follow in Appendices A and B, respectively. These first were developed for the Southern Lower Peninsula in the spring of 2000, then updated to reflect the differing ecoregions of the Northern Lower Peninsula and the Upper Peninsula in the winter and spring of 2001.

1.5.4 Timetable for rest of State

The Southern Michigan TM classification, at this writing, is almost complete. The training site data were collected in the summer of 2000, the information has been catalogued, and the imagery was ordered. The classification of the imagery began in January 2001, with the final map production expected in early October 2001.

As of this writing, the classification and training site delineation meetings for the remainder of the state have taken place in the winter and early spring of 2001. With three times the area to cover in the summer of 2001 as in 2000, the field work began in June and has continued until the beginning of September. 

Since Pacific Meridian Resources and the MiDNR have decided to utilize triple-date imagery for the classification, the earliest possible date for beginning the Rest-of-State classification would be roughly the end of November 2001, if late September imagery could be used for the senescence image. Processing will continue from that point on, and should finish in September 2002.

2.0
Coarse Resolution Map

2.1 Goals and Objectives

2.1.1 Goals

The goals of the Statewide Coarse Resolution Map phase are 

· to produce a statewide land cover map

· to produce a dataset that can be used in conjunction with statewide inventory data to produce a statewide assessment of forest resources

· to produce a dataset that can aid management in an ecosystem context

· to produce a dataset that can be used for planning scenarios at the ecosystem level and statewide assessment of natural resources and wildlife habitat

· to produce a dataset that can aid in unit wide assessment of resources

· to produce a dataset that can aid in quality control of high resolution land cover mapping.

2.1.2 Functional Objectives

The Statewide Coarse Resolution Map will provide 

· a raster dataset with a spatial resolution of 30 meters, which is equivalent to the spatial resolution of Landsat Thematic Mapper (TM) imagery. 

· A land cover dataset with an optimum viewing resolution of around 1 : 64,000.

· A land cover map  with cover type detail that varies with major land cover class. For example: the greatest detail will occur in the forest and wetland types, which will be mapped to Anderson Level III, with other cover types, such as urban and agriculture, mapped to Level II, (see Appendix A for details).

2.2 Imagery Source

2.2.1 Sensors

The imagery selected for the Statewide Classification will consist of Landsat Thematic Mapper 5 and 7 (ETM+) imagery. Landsat TM sensors have been in operation for close to two decades, and their utility, reliability, and consistency have been well-proven (full discussion of this sensor is given in the Phase 1 Remote Sensing Report
). Methodology for classification of TM imagery has also been developed, tested and refined over the years and has been proven reliable for forest and land cover classification because of its spectral resolution. Pacific Meridian Resources has developed methods for rapidly classifying these data and is continuing to refine its tool box of classification methods. In conjunction with the USGS, Pacific Meridian Resources is currently developing methodology to incorporate heretofore little-used attributes of satellite imagery such as shape, context, and texture. We expect to be able to leverage off these advances and current development in this project. 

2.2.2. Timing/Seasonality of imagery

The Statewide classification requires detailed classification in the forested and openland categories, thus it is necessary to obtain imagery that will allow differentiation of these categories, for example, Aspen from Northern Hardwoods from Oaks. Imagery from different seasons will enable separation of species based on their phenological differences, different cropping cycles and moisture regimes. Below the rationale behind the acquisition of seasonal differences is explained.

Leaf-off imagery

Imagery acquired in the springtime, after snow melt and before leaf-out, will aid in separating deciduous from evergreen species, winter crops from fallow fields and spring crops. Leaf-off imagery will also help to separate lowlands from uplands, as the water table is usually at its highest during the springtime. Roads and other cultural features that are obscured by forest canopy in the summer should be separable in this imagery. The dates chosen for this imagery for Southern Michigan are in March, mostly in 1999 and 2000. Spring time leaf-off imagery from the past several years, for the most part, is somewhat inconsistent as far as cloud cover and image quality is concerned. The late March dates chosen had the best quality over the Southern Michigan region.

Growing season imagery

Summer imagery, acquired during the height of the growing season, is traditionally a good all-around discriminator of cover types, from forested to urban. The date chosen for this imagery in Southern Michigan are mostly mid-summer, in July and August. 

Senescence imagery

One of the largest challenges in classifying the forest classes is the separation of the deciduous species into four classes. It is thought that as these species lose their leaves in the fall the variation between species in color changes will provide information that will aid in separating these cover types. So the obtaining of a fall image is considered important for this classification. In addition, this image, along with the leaf-off image, should help in separating roads and other cultural features that are obscured by forest canopy in the summer. The dates chosen for the senescence imagery in Southern Michigan are in late September and October. As opposed to the spring and summer imagery, it is thought that the imagery may be very variable between dates because of the speed of senescence and its variation with altitude, moisture and weather. Great care has been taken in the selection of these dates. These dates will probably vary with Ecoregion as classification progresses into the Upper Peninsula.

Duplications of imagery

For the most part, the imagery ordered for the Southern Michigan classification is of very high quality with regard to cloud cover. In several cases, the best available imagery had clouds in certain sections of the scene. In these cases, additional scenes in the same season were chosen. During mosaicing, these duplicate scenes will be used to fill in the clouded areas.

2.2.3 Imagery acquired for Southern Michigan

The table below lists the imagery acquired for Southern Michigan classification

	
	Leaf-off
	Mid Season
	Senescence

	Path Row
	Date
	Sensor
	Date
	Sensor
	Date
	Sensor

	2031
	3-Mar-00 27-Mar-97
	L5

L5
	15-Jul-99
	L7
	11-Oct-99
	L5

	2030
	28-Apr-00

27-Mar-97
	L7

L5
	17-Jul-00
	L7
	21-Oct-00
	L7

	2029
	27-Mar-97
	L5
	17-Jul-00
	L7
	21-Oct-00
	L7

	2131
	26-Mar-00
	L5
	30-Jul-99
	L5
	26-Oct-99
	L7

	2130
	26-Mar-00
	L5
	30-Jul-99
	L5
	18-Sep-00
	L5

	2230
	25-Mar-00
	L7
	13-Jul-99

29-Jun-00
	L7

L7
	11-Oct-00
	L5

	2231
	25-Mar-00
	L7
	16-Aug-00
	L7
	19-Oct-00
	L7


Table 2 Imagery acquired for Southern Michigan for the land cover classification.

2.2.4 Imagery acquisition approach for remainder of state

The acquisition of imagery for the rest of the state of Michigan will take place in Fall 2001. By this time, both Landsat 5 and Landsat 7 sensors will have had another year to collect leaf-off, mid-season, and senescence imagery for the Northern Lower Peninsula and the Upper Peninsula. A total of 12 scenes are required to cover the rest of the State, which brings the total single-date scene count for the state to 19. Where possible scenes will be shifted to maximize the coverage of the state and minimize costs. Currently, scene shifts are only available for Landsat 5 imagery, though this capability should be available for Landsat 7 TM imagery in Winter of 2001. Landsat5 is coming to the end of its life and its management has been transferred from Space imaging back to the EROS Data Center (EDC). The ability to get timely delivery of Landsat 5 imagery has decreased. We hope to primarily use Landsat 7 imagery in the classification of the State that has not yet been classified.

At the time of purchase of imagery for the remainder of the state, the Multi-Resolution Land Cover (MRLC) data buy should be complete. The MRLC is a consortium of government agencies that will purchase imagery in a block for the use of government agencies and their collaborators. The goal of this data buy is to obtain a complete mosaic for the entire US, composed of the most recent Landsat 7 imagery. As partners in the MRLC consortium, the Michigan DNR will have access to these images. It is expected that these images should provide most of the coverage needed to complete the statewide classification. The MRLC images may need to be supplemented to optimize the imagery mosaic for Michigan, or to provide additional dates.

2.3 Methodology

2.3.1 Stratification of training sites

In order to obtain the best representation of cover types throughout the state, Pacific Meridian Resources has devised a stratified approach to obtaining the training data. The training data is composed of reflectance samples, taken from the images to be classified, of the cover types to be classified. These reflectances may differ from region to region, because of phenologic differences, soil variability, hydrologic differences, and elevation changes, though the latter is not a big factor in the State of Michigan. There will be differences between TM scenes as the dates and time of image acquisition  may vary within the image mosaic. To obtain an adequate stratification of training samples, a coverage of ecosystems
 was intersected with a coverage of the TM scene boundaries, the resulting polygons were named eco-scenes. For Southern Michigan, these numbered 57. Many of these were too small to represent as unique areas, and were merged into some of the larger areas for the stratification. The larger eco-scenes were used for stratification and site selection. In Southern Michigan 34 eco-scenes were used for the collection of training data.

2.3.2 Identification of training areas

Once the eco-scenes of interest were identified, specific areas were chosen for field visits. Since the IFMAP project is specifically concerned with gaining information on forested lands, efforts were made to identify areas of high natural land cover diversity.  This was accomplished in the Southern Michigan site selection process by intersecting the Michigan NLCD grid (US Geological Survey, 1997) with a polygon coverage created from an air photograph index. A statistic was then generated for each polygon representing the diversity of cover types based on the NLCD dataset within each air photograph. Since visiting state-owned lands was preferred, a GIS layer representing MiDNR lands was used to select most of the air photo sets.

After the photographs were chosen, training sites were delineated by MiDNR staff with PMR staff.  Training sites are homogenous areas of a given cover type. The training sites may contain variety, i.e. a mixed forest or a savanna type containing trees, shrubs, and openland, but they must 

1. Conform to a specific cover type in the classification scheme, and 

2.  Be consistent across their area.

Appendix C contains the instructions for the site selection process. Site selection is conducted by MiDNR field biologists and technicians because they have the most in-depth knowledge of their management areas, and are able to find the best training sites with regard to representation and access to the sites. These sessions lasted two days.

2.3.3 Field training

The classification scheme developed for the IFMAP project is fairly complex, and specific to Michigan’s landscapes. The “rules” developed to obtain the classification are quite specific in most cases, and it is necessary to conduct training sessions for the field personnel, in order that they know how these rules are to be interpreted. It is also advisable to obtain the input of the field personnel in the region to be classified, so they might comment on the classification and associated rules, and make changes where necessary. Prior to the start of the Southern Michigan 2000 field season, a 1-day training session was held with the field biologists and technicians who would be performing the work, to cover the classification scheme and decision rules, and to practice collecting the data. The general consensus among the Pacific Meridian Resources and DNR personnel is that after a couple of days of collecting field data, the data collection becomes consistent among collectors.

2.3.4 Collection of training sites

Coordination of the field data collection is done by the joint PMR/DNR team leaders. On the first day of data collection, a PMR staff member will work with the team to ensure that the data is solicited consistently and so that any questions can be answered. It is recommended that the first few days the teams are made up of two people to ensure consistency in the data collection. After a week of collection two-person teams can split off to improve efficiency of data capture. 

Field crews log their observations onto a comprehensive field form (see Appendix D), which asks for the raw information, such as the canopy closure of the three size classes, various shrub, wetland, and herbaceous species. Also requested on the field form is the crew’s subjective interpretation of the site, i.e. how the observer would characterize the site regardless of the decision rules, and based on his/her own experience. This information is to assist in critiquing the classification, and can help in identifying thresholds in the decision rules that need to be adjusted.

In conjunction with the sites for the supervised classification, the field observers will also collect and label sites that have been delineated by the computer as being spectrally similar. These sites will be used to help in the subsequent analysis

.

The information gathered by the field crews is entered into a spreadsheet and classified according to the Classification Decision Rules (Appendix B). These labels are entered into a database that is linked to the areas marked onto the mylar covering the photograph. These polygons are converted to digital form at a later date.

2.3.5 Digitizing of training sites

Once the field data was gathered, it was digitized onto the imagery using the air photographs and the manual delineations (on the mylar overlays) as a guide. The supervised training sites were extracted from this image using a region-growing method. The region growing method will ensure a spectrally pure signature, which will be appropriate for the supervised classification, and involves specifying a spectral threshold for inclusion in the area of interest (AOI), which will eliminate spectrally outlying portions of the sites. 

Once digitized, the training sites will be used to recode a single band of a TM mosaic, with unique identifiers for each training sample. This layer will be able to be used to extract training statistics from any of the imagery mosaics and/or derivatives without re-drawing the training sites.

2.3.6 Classification approach

There are a number of preprocessing steps that can be taken when classifying Landsat Imagery. The atmosphere can substantially impact the signatures derived from imagery, thus in some cases atmospheric correction is applied to help eliminate haze when comparing two images over the same area or adjacent images taken under different weather conditions. There are issues in applying a uniform correction to areas as large as a Landsat scene, since it assumes that the correction needs to be applied over the whole scene. To avoid this problem scenes were selected that had a minimum of haze and clouds and no atmospheric correction was made. 

There is also a debate whether to classify scenes first and then mosaic them of whether to mosaic and then classify scenes. Although it the mosaicing process does change the reflectance values of the images, the increase in the amount of training sites and reduction of the processing repeats has shown that mosaicing can have advantages in the quality of the final map product. There may be issues when scenes of different dates are mosaiced especially during the fall scenes period when colors are changing rapidly. So to use the advantages of mosaicing and reduce the disadvantages of mosaicing different dates, Southern Michigan was divided into areas where similar date scenes, usually taken on the dame date were mosaiced and areas that represented different conditions on the ground were classified separately.

The classification approach for the TM imagery has several elements. The primary classifier is a cluster analysis method developed by Chuveico and Congalton (1988), which matches clusters from an unsupervised classification with the training site data collected by the field crews. In this process, several outcomes for a given cluster are possible.

The cluster analysis method is an iterative process, whereby clusters are labeled with a land cover class based on their spectral distance from a given set of training statistics. In the first iteration, the summer image mosaic is classified using the ISODATA unsupervised method. The resulting classes are examined with the supervised classes using an agglomerative hierarchical procedure (Mathsoft, 2000). This procedure begins by considering each signature as a separate group, then it combines and divides groups based on spectral similarity until all signatures are in a single group, displayed in a hierarchical structure according to the order in which the groups are merged or divided. The resulting clustering tree is then examined for matches of supervised and unsupervised signatures, and in the case of a close one-to-one relationship, the unsupervised signature in question can be labeled with the land cover label of the supervised signature. After the tree is fully examined for clusters of this type, the labeled classes are subset from the imagery, and the procedure is run again. This procedure continues until it is no longer advantageous to do so.

The cluster analysis method will be used initially on the entire image to achieve an Anderson Level 1 classification, and subsequently on the individual level 1 cover types to classify the land cover to the desired level. Once the imagery is subset to level 1, the signatures derived from the individual subsets will contain less overall spectral diversity, and as a result the subtle differences will be more evident and therefore easier to separate. The proposed process flow for the TM Classification is presented in figure 1.
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Fig 1. TM classification process flow chart
When processing the imagery, whether in the spectral classification, ancillary modeling, or editing phase, the classes will be tracked using a coding system that indicates the original classification signature, whether the pixel was modeled and if the pixel’s value was edited, and if so from which class.

After the spectral classification process is complete, the map will enter the modeling phase, in which ancillary data is used on the entire study area, as opposed to individual clusters. The ancillary data layers used in the modeling of individual clusters will be used, in conjunction with some spectral data to alter selected land cover classes in selected contexts. This process will involve extensive quality control to minimize any problems that may be introduced by the smaller-scale ancillary datasets. Table 3 shows the ancillary layers that may be used in the modeling phase.

	Dataset
	Resolution
	Extent
	Desired  Attributes

	LU/LC 1978
	1:24000
	State
	MIRIS land cover

	DEM
	1:24000
	State
	Elevation

	NWI
	1:24000
	State
	Wetlands type

	Soils: SSURGO
	1:24000
	Incomplete statewide
	Hydric soils and texture

	Soils STATSGO
	1:100000
	State
	Hydric soils and texture

	MIRIS Base Map
	1:24000
	State
	Transportation, urban boundaries

	Ecoregion, ecosystem and LTA
	1:24000
	Statewide
	Ecological community

	Presettlement
	1:24000
	Statewide
	MIRIS land cover

	USFS Compartment Maps
	1:15840
	USFS Lands
	USFS Cover Type

	USGS MRLC LCCP
	30 m pixel

1:100000
	State
	Land Cover

	Northern Lower Peninsula GAP
	30 m pixel
	Northern Lower Peninsula
	Land Cover

	Lowland Probability
	30m pixel
	State
	Lowland/Upland division/ Probability


Table 3.  Ancillary data layers used in modeling phase.

An example of this process is the modeling of roads. These are often visible in the imagery, but as narrow features not often occupying an entire pixel, they are often misclassified. To bring these out, the MIRIS base roads layer will be intersected with specific clusters to create a “possible roads” layer. This, in turn, will be used to model the roads into the raster layer. In this manner, the roads will not appear to be “burned” into the final classification.

Operational Inventory Compartment maps were explored as a possibility for modeling, but their consistency and accuracy were found to be inadequate for this purpose. These maps, while accurate for some stands, may, for others, reflect an “idealized” vision for the stand, or otherwise be inaccurate. They may, however, be used in the editing phase or to flag any anomalies in the classification.

2.3.7 Editing of raster

After the image has been classified and modeled using the spectral and ancillary data, the map will need to be edited by hand. Even though classification can yield good results there will always remain problems of misclassification and artifacts of the ancillary datasets that remain in the unedited raster map to date. There are also several land use classes that often need to be added using manual labeling, such as airports, extractive operations and oil pads. The process of editing will incorporate methods used by Pacific Meridian Resources in the development of the USGS MRLC LCCP data, as well as in many other projects. This is, for the most part, a cluster-based editing approach, which allows the edits to follow boundaries of spectral clusters. The editing will take place at roughly a 1:50000 – 1:64000 scale on the digital display, which is the recommended scale at which the classification should be used.

2.3.8 Draft Map Review

After the first editing pass, it will be necessary to evaluate the map to prioritize the areas and cover types to focus upon in the final stages of map production. This should take place with the PMR and DNR team members working closely together. Both hardcopy maps and digital displays should be available for review, with the majority of the review taking place in digital mode. A day should be allocated to this task for DNR team members covering each region being classified. DNR team members will have both hardcopy and digital versions of the map available before the meeting. This meeting occurs before the final version of the map is distributed to the larger review community and is designed to identify major issues with the classification that can be rectified before the final map development. Once the initial review has taken place the map is then completed and distributed in its expected final format to a larger review group. At this time, DNR personnel will look at the map for their areas in their offices. Comments with respect to errors in the map are noted and revisions made where necessary.

2.3.9 Delivery of final map

Subsequent to the final review period, a final pass of ancillary modeling and editing will, if necessary, take place. The final map will then be delivered in both hardcopy and digital form, in formats to be specified by the DNR.

2.4 Accuracy Assessment Approach

2.4.1 Minimum mapping unit for verification

The minimum unit for the accuracy assessment should relate closely to the maximum scale at which the map is to be viewed, the scale at which the editing takes place, and the minimum mapping unit of the classification. Being a raster classification, the choice of a minimum mapping unit for verification is less straightforward than with a polygon map. At a 1:64000 viewing scale, a 3 x 3 pixel unit, or approximately 2.04 acres, is appropriate as a verification unit.

2.4.2 Potential for use of FIA

The FIA plot design does not sample an area as large as a 3 x 3 pixel, however a square bounding box around the outer extent of the annular plots is 297.8’ on a side and covers about 2.04 acres. This area covers approximately a 3 x 3 pixel block of a Landsat Image, sufficient for remote sensing accuracy assessment. For these plots to be useful for accuracy assessment they need to be a uniform cover, i.e. not move between condition classes. We also need to be able to relate the canopy classification picked up by the remote sensing device and defined in our classification scheme with the attribute information gathered by FIA. We are currently testing this hypothesis using data collected during Summer 2000 in the pilot area. 
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Fig. 2.  Layout of FIA plot superimposed on a Landsat TM grid

If these conditions are fulfilled we may be able to label each FIA site for use in the accuracy assessment of the final map. The FIA points will provide a good spatially distributed data set for map verification, however there will always be some uncertainty associated with this information since the canopy characteristics are not collected directly but derived from stem information. Thus it would be preferable that FIA conduct measurements similar to the assessment of overstory crown components to that described in Section 2.3.4 for training set development, thus enabling the assessment of the accuracy of each individual vegetation layer (crown closure, size and species associations). MDNR has conducted an agreement with FIA to collect the canopy call on all its annualized plots. This will aid the accuracy of the site classification. The location of the plots remain confidential so it is necessary to submit our classified map to North Central Research Station (NCRS), so that they can extract the 9 or 16 pixels that surround a given FIA plot. From these data it will be decided whether the point meets the desired homogeneity for an accuracy assessment site.

Stage 1 Inventory

The stage 1 inventory has been designed to collect and label all stands within a compartment to Level 4 using a canopy assessment. This assessment will enumerate the total ground area within a compartment using a methodology that collects data similar to that collected for the training sites. Although this information is excellent for verification of the Landsat derived map, it is not randomly distributed in space and so will suffer from the problem of autocorrelation. We do not expect to be able to use all these data points in an accuracy assessment protocol without biasing the final result. However, we expect to use many of the stage 1 calls as ground verification of the map, in the forest, openland and wetland classes.

Photo-interpretation

Both the FIA and the Stage 1 inventory data will concentrate data collection on natural lands, which are the most difficult to photointerpret to the level of detail described in the classification system. Fewer points from these sources will be gathered on agricultural lands and urban areas, although these areas are still described in the classification system. Consequently, accuracy assessment points for these classes will be gathered from photointerpretation of 1:15840 panchromatic infra-red photographs taken between 1997 – 1999. and color-infrared 1 m imagery collected in 2001-2002.

2.4.3 Error analysis, point selection and statistical approach

Points for accuracy assessment should be selected on a stratified basis, with a minimum number of 25 points per class. Generally, to achieve statistical significance each class should have around 50 sampling points, as the number of classes in a classification system increases the number of verification points will need to increase (Congalton and Green, 1998). For this classification system we will aim to obtain between 25 and 50 samples per class. Classes that are manually added during the editing process, such as airports, gravel pits, cemeteries, will not be included in the verification process. The sources of the verification points are discussed above, the actual distribution of points may not be known until nearer the expected date for accuracy assessment in the fall of 2002. At this time we will evaluate the class and spatial distribution of the FIA points collected and available for use, we will look at the Stage 1 inventory maps in terms of class and spatial distribution. Then, after ensuring that spatial autocorrelation is minimized, identify which classes and locations are not sampled adequately. The remaining accuracy assessment samples will be either photointerpreted or visited by the team to ensure a reasonable level of confidence in the accuracy assessment for major classes.

It is important to understand that errors in the classification of a map can be made up of a number of components:

· Locational errors: these relate to the uncertainty associated with locating the accuracy assessment points to the underlying map. These errors are reduced by using a 3 x 3 pixel block as the sampling unit.

· Temporal errors: these relate to when the imagery used in the classification is of a different vintage from the verification source. These errors are reduced by selecting a verification data source that is of the same vintage as the imagery. This often can not be done, and this difficulty can be considered in the fuzzy matrix. In the case of the IFMAP classification, the BWIR photos are from 1998 – 1999, and the imagery for Southern Michigan is from 1997 – 2000 so these errors are expected to be small. For the rest of the State, FIA data will be collected between 2000 – 2002, as will the Stage 1 Inventory data.

· Uncertainty in the reference dataset: It is often difficult to be 100% confident about the call, especially on boundaries between classes. In the case here we have some uncertainty in the use of FIA data because of the conversion of tree stem information to tree canopy call, we may have uncertainty in the stage 1 call when stands are on the boundaries between classes and we may have uncertainty in the photo interpretation calls.  To account for this, the fuzzy assessment approach has been used successfully in many projects. The fuzzy logic approach acknowledges that not all interpretations are certain. The interpreter makes a call considered the best call for the site. The interpreter will also make a good call(s) (i.e. what he/she thinks is an equally good interpretation), and an acceptable call(s) (i.e. what he/she thinks the cover could reasonably be). This creates a fuzzy matrix. The fuzzy matrix for this project will be different depending on the source of the accuracy assessment information.

Fuzzy Assessments

An accuracy assessment involving only one reference call per site is known as a deterministic assessment, and an assessment involving good and acceptable calls is known as a fuzzy assessment (Gopal and Woodcock, 1994). Statistics will be generated using both methods, and for each set of ground truth points. With these, statistics such as Kappa, Producer’s Accuracy, and User’s Accuracy will also be generated.

A difficult task in using fuzzy logic is the development of rules for its application. Specific rules have been developed for this project, and are based on the analysis of field forms, class similarity, and separability of classes from air photographs. The fuzzy matrix is shown in Appendix E. 

2.5 Other Issues investigated

2.5.1 Use of radar

The forests in Michigan are to a large extent limited by light availability, i.e. there is enough water to support tree growth under most circumstances. This differs from the forests of the West that are often limited by water availability. This fact is important from the remote sensing perspective because in many Michigan forests, canopy closure is reached relatively early 5 – 10 years after regeneration starts. This means that although automatic processing of current optical remote sensing technologies may give land cover they often fail to deliver reliable size and structure information, which is an important characteristic of a stratified inventory. 

Possible Solution

Radar sensors have been shown to penetrate the tree canopies and their reflectances are related to biomass and canopy structure. The longer wavelengths of radar such as L-band are those that correlate best to biomass and size. Although the best results for extraction of size and biomass are made from multi-polarizations and multiple wavelengths, it has been shown that JERS an L band satellite, measures biomass well. If the biomass measuring capabilities of JERS can be merged with the land cover classification of Landsat TM, it should be possible to stratify by both land cover and biomass, increasing the precision of inventory estimates or reducing the number of points required to reach a specified precision.

Investigations undertaken

PMR conducted a small study with Envisense Corporation and the University of Michigan to test this concept under separate funding. The study used archival JERS data (1995 – 1998) over the pilot area to stratify the Landsat derived land cover into biomass or size classes. These estimates were verified using data gathered in the pilot area.  Initial results from this test did not produce reliable results and further investigation was halted. This does not mean that radar does not offer possibilities in this realm, just that current sensor configurations do not produce  reliable enough results. The Japanese plan to launch a new L- band mulitpolarization system in 2003 which once operational may be able to provide data that will allow the creation of a biomass map. We will keep the DNR updated on this as this sensor becomes operational.
2.6 Coarse-Resolution Classification of the Pilot Area

2.6.1 Goals

The goals of the coarse-resolution pilot area classification were to test and hone the methodology for the Statewide coarse-resolution classification. This methodology included all facets of the classification from the development of the classification scheme and collection of training data to the image classification, and delivery of the final map. 

2.6.2 Imagery and Training Site Selection

The imagery used for this classification was a dual-date composite of Landsat-5 images, dated June 1994 and October 1992. From these images, many derivatives were made, including texture bands, NDVI bands, ratio bands, and Principal Components images. These were stacked together to form a 14-band image for classification.

The training sites were selected, visited, and tallied by Pacific Meridian Resources and MiDNR personnel in August of 1999. There were approximately 185 sites visited and tallied, mostly in the upland forested categories, but there were also sites in the openland and forested wetland categories. Land cover categories for which training data were not collected but were needed in the classification stage (urban, residential, and agriculture) were photo-interpreted. For the statewide classification, we will collect training sites in these categories in the field.

2.6.3 Accuracy Assessment

Accuracy assessment for the Pilot Area TM classification was approached using photointerpreted points. 600 points were selected using the Accuracy Assessment utility in Erdas Imagine. The parameters were set to search for points in which seven pixels of a 9 x 9 window belonged to the same class, stratified by class, with a minimum of 20 points per class. These points were then photointerpreted using 1:15840 scale airphotos and DOQQs acquired for Grand Traverse and Wexford Counties. Also used in the interpretation were the DAIS, IKONOS and Emerge imagery, for the pilot  areas. These images were interpreted using the fuzzy accuracy assessment methods described previously.

Subsequent to the interpretation, the point placement on the raster map was examined, and the majority of the points were found to be poorly chosen by the software. Many of the 9x9 windows did not contain seven, or even six, pixels belonging to the same class. These points were discarded, leaving a total of 269 points. An error matrix was generated (Appendix F), and Kappa and Conditional Kappa statistics were generated for the entire matrix and each class, respectively. (Appendix G).

The errors were examined afterwards, and they were divided into two basic categories: those that were “understandable”, (not to be confused with acceptable), such as classifying Northern Hardwoods as Mixed Upland Hardwoods, and those that were “unacceptable”, such as classifying Row Crops as Pines. Through this exercise, several major “lessons” were learned that are directly applicable to the classification of the entire state. 

1. Pines are over represented, perhaps due to heterogeneous training sites.

2. The MIRIS land cover layer, which was used for much of the modeling, is too coarse to be used alone. It must be limited with another layer, such as the NLCD. A number of the mis-classified points were actually classified correctly in the initial stages of the process, only to be changed by modeling with the MIRIS layer.

3. A more diverse set of signatures are required, especially in the agriculture, openland, and low-density forest classes

These lessons have been applied to the Southern Michigan Classification

3.0 High Resolution Map

3.1 Goals and objectives

3.1.1 Overall Goals

The goals of the high resolution land cover map are to 

· Provide a land cover map over all MiDNR lands

· Provide a land cover map to support a high resolution stratified inventory on MiDNR lands

· Provide the basis on which an operational level map could be produced

· Provide a map on which wildlife and forest management decisions could be made

· Provide imagery which could be used for the interpretation of landscape and stand processes for management decisions

· Provide imagery that could be used for navigation

· Provide quality control checks on the inventory data collected

3.1.2 Specific Functions

The MiDNR high resolution map will provide:

· A vector dataset with a minimum mapping unit that will vary dependent on land cover, i.e. gaps, clearing or special land covers will have a minimum mapping unit of 1 acre, and forest stands will have a minimum mapping unit of 5 acres.

· A land cover map with cover detail to a level 3.5 strata, with a size class and crown closure class (see Appendix B for detailed class breakdown). 

3.1.3 Changes in methodology during the project

The work explained in the next section was conducted to evaluate the potential of high resolution imagery and automated classification methods to produce a land cover map to fulfill the goals laid out above. Although many of the goals could be met by the automated classification approach explained in the section below, it became apparent that the usefulness of the high resolution stratification map derived from automated processing would be limited to providing a basis for inventory stratification. However, this would not produce a product that would satisfy the needs of the field, because of the level of detail desired by the field in their map. Although the original objective of producing a high resolution land cover map for operational field decision making was not part of the original remit of the design team, neither was the development of an in-place inventory, discussions on the cost-benefits of the high resolution stratified inventory map as a management tool indicated that it would not meet field needs. Extensive discussions between PMR and MiDNR design teams developed an alternative approach to the use of the high resolution imagery to produce a high resolution land cover map for MiDNR lands in conjunction with the in-place stand inventory. (Field Inventory Report, June 2001). This final product would fulfill all the needs of the MiDNR at the state planning level and the field level. The difference was in the timeline on which this system would deliver a fully enumerated high resolution land cover map of MiDNR lands. The impact of these decisions on the inventory are discussed in more detail in the companion Stratified Inventory Report (March 2001). The section below described the analysis that was conducted to arrive at the decisions taken at the September 18th , 2000 Meeting. The section also evaluates which imagery has the greatest potential for MiDNR operational needs.

3.2 Sensor Evaluation Overview

The aim of the sensor evaluation was to determine which sensor would best meet the objectives outlined in the goals and objectives section 3.1. Many issues were considered in the evaluation of the high-resolution sensors to determine first the capabilities of the sensor and secondly to determine the operational viability of integrating this sensor into the inventory system of the DNR. The factors evaluated included

· Capability of sensor

· Ability to automatically classify imagery

· For species

· For size class

· For canopy closure

· Ability to automatically delineate stands

· Ability to visually interpret imagery

· Ground resolution

· Ground georeferencing capabilities

· Operational viability of sensor

· Cost

· Ability to deliver on time

· Ability to deliver according to specifications

· Ability of capture and mosaic large areas

· Quality of mosaicing 

3.3 Methodology

3.3.1 Species Modeling

The project set out to identify whether high-resolution sensors could differentiate species. Initial results suggested that most of the sensors because of their limited spectral range into the infra-red could discriminate fewer species than Landsat TM. Therefore, the approach developed uses the TM classification to provide spectral information while utilizing the high spatial resolution sensors for spatial information (Figure 3).

The process for modeling the canopy produces three vector layers as its final products: a species layer, a canopy closure layer, and a size layer. The inputs to the process include:

1) High-resolution imagery

2) Classified TM pixels

3) Land Type Associations

4) Lowland/Upland layer

5) Soils

The reasons for using the Landsat classification were that initial results suggested that because the sensor’s spectral range was limited to the near infra red (900 – 1000 nm) it was not possible using mid-season single date images to discriminate species to the desired level of detail. Therefore the TM classification built from multidate 6 band imagery may help to provide land cover class information that complemented the high spatial resolution analysis (Figure 3). 

At a 0.6 – 3.0 m resolution, a single forest pixel is either a tree or non-tree. This is, of course, different from the coarse resolution sensors such as Landsat TM. A 30 meter pixel might consist of many trees and openings, thus the signature of such a pixel may indicate canopy closure. In a high-resolution classification, a measure of canopy closure can only be obtained by delineating an areas and estimating the number of tree and non-tree pixels in that area. 

The high-resolution imagery is used in two ways. First, a Level 2 classification is performed to separate broadleaves, conifers, grass, bare ground, water, and shadow. This is done using an unsupervised process where the clusters are labeled using photointerpretation from the imagery and 1:15840 scale airphotos. Confused clusters are labeled and classified using additional unsupervised iterations and spatial modeling. After the clusters have been labeled satisfactorily, the shadow class is modeled out. Two processes were evaluated for this purpose: directional modeling and nibbling.
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Fig 3. High-resolution classification process flow chart

Directional modeling uses information such as the solar zenith angle and azimuth to allow a shadow pixel to determine what it’s true value should be. Directional modeling causes a shadow pixel to look southward (toward the sun’s position) and look for adjacent pixels of tree.  If found, the shadow becomes the same type of tree.  This can be repeated iteratively to “grow” the tree into the shadow.  Remaining shadow pixels can then be converted to their nearest neighbors (nibbled) to allow the portion of the field in shadow to be classified as field.

“Nibbling” is a process that takes cells specified by a mask and replaces them with their nearest neighbor’s value.  This procedure is more efficient than directional modeling but relies on the concept of spatial autocorrelation, which states that locations are more likely to share traits with nearby locations than distant ones. Nibbling is much more computationally efficient, and was chosen for use in this project because there wasn’t a lot of confusion between the shadow class and any specific land cover class. Directional modeling works best when the shadow class is confused specifically with one other class, as it allows the shadows to be removed without eliminating the confused class in most instances. With the completion of this process, the canopy closure layer can be generated.

The canopy closure layer, as with the species layer, is generated by summarizing the raster layer against a rasterized version of a polygon layer. The “raster polygon” layer describes the spatial extent of the area to be labeled. Unlike the coarse resolution map, a pixel is too small a unit for description since it’s size is less than that of a complete tree canopy. The resulting summary produces a list of the polygon’s identifier and the number of broadleaf, conifer, openland, and bare pixels contained within it. From this table the crown closure can be calculated. This number can be recoded into labels such as “High”, “Low”, or “Non-forested” based on the decision rules in the classification system. In practice, however, canopy openings can be underestimated as a result of an oblique sensor angle, difficulty in differentiating shrubs in canopy openings from a closed canopy, and difficulty in differentiating elements in shadows, i.e. shadow falling on a tree vs. shadow falling upon grass.

It was possible to derive additional land cover classes from the high resolution imagery  by separating conifer and broadleaf classes, and by conducting additional unsupervised classifications to split out jack pine and red/white pine from the conifer classes and aspen and oak/maple from the broadleaved classes. These classes were added to the land cover classification. 

The next step in the canopy modeling process is to generate the species layer. This combines information from the high resolution land cover classification with the classified TM raster, the LTA layer (Land type association), and the upland/lowland layer. This step involves spatial modeling of these data layers. Rules need to be developed that enable decisions to be made when there are differences in classifications between the TM raster and the high resolution raster. In our classification model, the TM raster classification was not able to override the high-resolution classification. The species model, used the high-resolution land cover classification as the master layer and added information or detail from the TM classification or other ancillary data sources. 

For example, a pixel classed as water in high-resolution classification would remain as water irrespective of the TM classification. However a pixel classified as Oak/Northern Hardwood would look to the TM raster for additional detail. In addition the LTA information would be referenced as to whether the site was poor or good, thus a label such as Poor Site Northern Hardwoods could be placed on the raster. Other land cover classes were treated in a similar fashion. 

The resulting raster layer contains spatial information gathered at different scales such as the 30 m TM raster and boundaries of the ancillary LTA data layers. These differences in spatial resolution, such as the 30 meter pixel borders, are not evident once the raster is summarized and labeled based on the polygon layer. After the species model was run, the raster was summarized in the same manner as for the crown closure layer. The labels were derived using a Visual Basic program based on the classification scheme decision rules. The labels are then attached to the vector layer. 

3.3.2 Size Class

Obtaining an accurate descriptor of tree size from remote sensing relies on a relationship between canopy characteristics and tree size characteristics. In water limited ecosystems such as the Pacific North West and California the tree canopy closure relates to tree size since light is not the limiting factor controlling growth of the plants canopies. In Michigan and the North East the ecosystem are generally light limited. This means that complete canopy closure occur very quickly, in most places between 5 – 10 years, thus canopy closure is less correlated to tree size except in the early stages of growth. 

This presents challenges for the extraction of size data using optical sensors. The approach tested is the correlation between image heterogeneity and canopy size. It is thought that this relationship will be cover type specific. The measure of heterogeneity is the texture of the image, this is a fact that photointerpreters use consistently when interpreting aerial photographs. The texture routine needs to be run across many trees and because of the high resolution of the imagery it may require from 1 to 400 or more pixels to image a group of trees characteristic of a specific cover type. 

The size of a window was chosen to encompass the area of several trees, to capture the spacing and extent of the tree canopies. Although we believe that this texture routine would give a relationship with tree size, texture will also be impacted by canopy closure and species composition. Consequently the image would have to be subdivided by canopy closure and land cover to obtained the size class layer. 

The relationship was tested using the image texture of the near infra-red (NIR) band to tree size. The NIR band was subset from the image and a standard deviation texture operator was run, using a 20 x 20 window (24 x 24 for Emerge imagery). This layer was summarized by the polygons using the mean texture value for each polygon. After the mean texture values were calculated for each polygon, two stratification approaches were evaluated to determine size labels. One approach calculated tree size for deciduous, coniferous, and mixed categories separately, and the second approach was to stratify using all the forest and canopy closure classes, (25). For both of these approaches, texture variable distributions were plotted. Different subdivision of these distribution were evaluation. Classes were labeled based on training sites in the pilot area, and other sites were later field checked by the DNR foresters in Traverse City and Manton.

3.3.3 Canopy Closure

At the resolution of one-meter imagery, a pixel can ordinarily be construed as being pure. This is in contrast to traditional sensors such as TM, in which a 30 meter pixel might consist of many trees and openings. The signature of such a pixel would give clues as to the amount of canopy closure is present in a stand. In a high-resolution classification, however, a measure of canopy closure can only be obtained for a cluster of pixels. In the case of these classifications, Pacific Meridian Resources used polygons derived from image segmentation, These will be discussed later. 

The canopy closure layer was derived from the initial low-level model separating conifers, broadleaves, grass openings, and bare (see Figure 3). For a given polygon, the percentage of tree canopy and percentage of openings were calculated. These simple calculations resulted in the canopy closure measure. Using this method, and the vector layer, the assumption is made that the canopy closure is homogenous over the polygon. The implications of this assumption will be discussed in the stand delineation section below.

3.3.4 Stand delineation


The goal of stand delineation is to develop a single vegetation polygon layer that best represents the cover type classes identified through analysis of the field and image data (i.e. size, species, and density). This forms the foundation strata layer and provides the foundation for the stratified inventory. There are several reasons for developing a polygon layer rather than relying on the raster layer for management and land cover analyses.

1) The land is managed as biological units and so foresters and wildlife manager are comfortable and familiar with this concept, defining when pixels merge into another management unit is often a difficult task

2) The strata tables will be built for vegetation polygons and so should be applied to the same unit when extrapolating to a wider area.

3) A pixel is almost impossible to locate accurately whereas a vegetated polygon is an identifiable unit.

The approach used by Pacific Meridian Resources in creating the vector layers based on the high-resolution data was to use an image segmentation for stand delineation algorithm. This algorithm produces polygons of similar color and texture that do not exceed a specified size.
This technique is quite variable in the results produced. We also obtained hand-digitized vector coverages produced by foresters in the Pilot Area, to guide us in selecting appropriate polygon parameters, and to compare with our results. The goal was to produce a layer that would closely approximate the forester’s hand-drawn stands. Foresters have been delineating stands and areas for management and assessment for many years, and incorporate all elements of photointerpretation into the process, including:

1) Color

2) Tone

3) Location

4) Texture

5) Shape

6) Context

As stressed by Spurr (1948):  “ Important though each incidental pictorial quality may be, it is the sum total of these qualities which gives an object its characteristic appearance.”  Automated classification and segmentation of imagery incorporate the first three elements, and in some instances, the fourth (texture), but shape and context remain elusive. Contextual information is more difficult to automate but will be included in the final editing process. Parameters in the segmentation routine can be adjusted so that delineation can be varied dependant on the landscape and features to be extracted.  Further analysis of the resulting polygons with Fragstats may allow the merging and elimination of undesirable polygons. Although the resulting boundaries are crenulated and not smooth like hand digitized polygons, they can be generalized and smoothed if desired.
3.4 Space Imaging – Digital Airborne Imaging System

3.4.1 Approach

DAIS was the first high-resolution imagery that Pacific Meridian Resources attempted to classify for the IFMAP project, and as such, the methodology was still in the refinement process. The approach was similar to that outlined in section 3.3, with modifications to take advantage of the dynamic range of the imagery. The DAIS data are captured in 12-bit format, thus the imagery has a greater dynamic range than any of the other datasets examined to date. DAIS is an excellent visual product, showing greater species separability than Emerge. The consistency of the separability, however, is still in question. Several deciduous species were visually separable from other deciduous types, such as Big-Toothed Aspen, which was thought to be easily distinguished from Quaking Aspen, but not as easily distinguished from other deciduous species. At the time of imagery acquisition, August 11, 1999, senescence may have begun, giving rise to the wide range of colors seen in the deciduous forests.

Because of the wider range of “signatures” in the imagery, attempts were made to separate aspen, jack pine, and cedar before the species model was run.

3.4.2 Classification 

The imagery was classified to a level 2, with 5 classes: water, conifer, deciduous, grass, and barren. There were small areas of cloud in the image, so cloud and cloud shadow classes were included. Subsequent to this, the additional classes for Aspen, Jack Pine, and Cedar were pulled out. The image was then classified according to the model outlined in Figure 3, segmented and the classified contents of each polygon was summarized, and then labeled. This was an iterative process, as the vector classification was evaluated and the classification re-run several times on both the species and canopy closure layers. 

The size layer was generated using both methods previously described, stratification by level 3.5 cover type (strata) and canopy closure level, and stratification by level 2 cover type (Deciduous, Coniferous, Mixed). The measures of mean texture in each category were plotted in order to visualize the distributions, and the distributions were classified based on quartiles. These quartiles were labeled from sapling to log size, using training site data collected from the pilot area as a guide. The three layers: species, canopy closure, and size were then given to DNR field foresters to assess. 
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Fig 4a. Subset of DAIS imagery for the Northern Pilot Area
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Fig 4b. Raster classification of DAIS Imagery
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Fig 5. Raster model, using species detail from TM classification
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Table 4:  Legend for High-resolution classifications

3.4.3 Segmentation
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Fig 6. Labeled vector layer.
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Fig 7. Unmerged  polygons overlaid on DAIS imagery.

Due to the status of the segmentation algorithm at the time, the DAIS image had to be subset into 12 pieces in order to run properly. These were each segmented using the IPW software, with a minimum mapping unit of ¼ acre. They were then appended, and the smaller residual polygons remaining after this process were eliminated. After the labeling process described above, polygons boundaries were dissolved on one, two, or three items.

Dissolving several polygons into one serves to make the coverage smaller and less cumbersome in terms of file size and display time. For example, if two adjacent polygons have the same species label, the boundary between these can be dissolved, and the two can become one. Using only one item, or criteria for the dissolve process, may oversimplify the landscape however, as differences within a stand may still exist. Ideally, species, canopy closure, and size would all be taken into account in the dissolving process, and only those adjacent polygons that are equal on all these values would be merged. The segmentation routine now runs in ERDAS Imagine and can be run on larger 8 and 12 bit images.

3.4.4 Costs

The cost of the DAIS imagery varies dependant on the location and size of the job. The current rates for jobs of around 3000 square miles is around $141 per square mile.

3.4.5 Delivery

Although delivery for the pilot area was poor the system has been substantially over hauled and is now delivering high quality imagery on-time.

3.4.6 Operational considerations

The DAIS imagery acquired for the Northern Pilot Area was not of optimal quality for the operational mode of the IFMAP project, due to the quality of mosaicing and between-tile calibration, although there were dramatic improvements over the imagery acquired for the Southern Pilot Area. The DAIS system is in a more operational mode at present, and that imagery collected from this point will be of higher quality.

More pertinent to the IFMAP project is the fact that there is only one DAIS sensor and platform at present, and that there is extremely high demand for its products. This would make a collect of all the DNR lands using DAIS more risky. This sensor may, however, be useful for smaller collects, i.e. filling “holes” in collects by another sensor, such as IKONOS. 

3.4.7 Conclusions

Species

Of the three layers generated, the species layer was the most promising and accurate. Accuracy assessment matrices for the species and canopy closure layers are presented in Appendix H. The decision rules used to generate the polygon labels were altered several times, with the goal of producing a label that would accurately reflect the ground call for a given stand. With some tree species consistently overtopping others in the canopy, it was, and is, often difficult to match a remote sensing-derived label to the ground call.

With the assumptions that needed to be made in cases where the TM classification and the High-resolution classification disagreed, and simplification caused by the inclusion of the 30-meter classification, it was evident that the methodology used in this evaluation could not produce a level of species detail higher than that of the TM classification with any degree of accuracy.

Canopy Closure

The methodology used in the production of the canopy closure layer showed promise, however, difficulties in the production of the level 2 classification caused the canopy closure to be systematically overestimated. It is difficult, even with the 12-bit DAIS imagery, to distinguish between overstory trees and understory shrubs, especially when the canopy closure is fairly high. Shadows are a confounding factor in this process as well, and are often misclassified as canopy in the shadow modeling process. To produce an accurate canopy closure layer, the shadow classes would need to be broken out and classified in a more detailed manner, which would be possible only with 11 or 12-bit imagery such as Ikonos or DAIS. Research is starting to suggest that with frame by frame analysis it is possible to tease out where tree shadows fall on trees and when they fall in gaps. This is only possible with the 11 or 12 bit imagery (Gatziolis and Thomas, personal communication).

The canopy closure layer had three classes: Non-forested, Low, and High. The High Canopy Closure class had the highest accuracy, as stands could not be classified into a higher class. Many of the stands that should have fallen into the Low canopy closure class were instead classified as High, and several of the stands that should have been non-forest were instead classified as Low Canopy Closure.

Size

The modeling of the size class took several routes, as previously discussed, and were examined in the field by DNR foresters. These in-field assessments showed that the mean texture values that were used to generate the size labels bore little relation to tree size. It is hypothesized that the mean texture measure for a polygon most likely has a closer relationship to canopy closure than to tree size, thus canopy closure is a confounding factor in attempts to extract a measure of size. Once a reliable canopy closure layer is obtained, it is likely that the inclusion of this layer in the determination of a size measure could result in a more accurate size layer.

Segmentation

Segmentation of this imagery was moderately successful. The unmerged polygons (Fig. 7), were much smaller than the minimum mapping unit that the foresters would choose for their OI maps. After the polygons were dissolved on the cover type they aggregated to a much more reasonable size (Fig. 6).

At present, Pacific Meridian Resources has, along with Space Imaging, developed a version of the segmentation algorithm that will work with Erdas Imagine. Work done using DAIS imagery with the new algorithm holds promise, as the minimum mapping units can be adjusted and the spectral thresholds can be altered. The spectral parameters for a given run do not favor all cover types equally. For example, parameters that produce polygons appropriate for forested areas may cause herbaceous openland or roads to be over-segmented. An answer to this may be to add to preliminary polygons a spectral identifier that would enable the separation of forested from non-forested areas. Using this preliminary segmentation, the individual cover types could be further segmented using specialized parameters.

As the vector layer is produced from the raw imagery, a raster layer, the resulting arcs follow the pixels, resulting in many unwanted crenulations. This also has the effect of making the layer much larger than necessary. A solution to this is to use the “Generalize” and “Spline” algorithms in Arc/Info. This has been used with success in the high-resolution classifications, although these algorithms do not account for the spectral properties of the imagery.

3.5 DCS430 - Emerge 

3.5.1 Approach

Pacific Meridian Resources decided to conduct a comparison test of the sensors by classifying the Southern Pilot Area with Emerge imagery. In doing so, we were able to employ lessons learned from the DAIS work, including the identification of additional classes from the raw imagery. The general approach to classifying and labeling from Emerge data was similar to the DAIS approach.

The Emerge imagery is quite different from the DAIS imagery, in that it has only 8-bits, and has three bands instead of 4. It can be collected in either True color or False color mode, with false color containing the NIR band. The ground resolution can be two or three feet, but each sensor collects only every third pixel, and the others are interpolated from the collected values. True ground resolution may be said to be somewhere between the stated value and three times that value.

3.5.2 Classification 

A slightly more detailed classification scheme was used for Emerge than with DAIS. A shrub/wetland category was separated from the raw data, as were aspen and jack pine. The aspen and jack pine were distinguished with the aid of a texture band, in the same manner as with the DAIS imagery. This imagery has less ability to see into shadow than DAIS, because of the more limited dynamic range of the 8-bit format. Because of this, the canopy openings were less distinguishable than in the DAIS classification, and the canopy closure layer was biased towards higher values.
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Fig 8.  Emerge Imagery (NIR mode) 2 ft. resolution.

In order to mitigate this effect, an unsupervised classification was run on the conifer class, which had most of the confusion with shadow, and some clusters labeled as grass. This improved the accuracy of the canopy closure class, however the results of the low canopy closure class were still questionable.

There was also an evaluation of the size layer using the Emerge image NIR texture measure, however these results were no encouraging. Mean texture values were obtained in the same manner as for the DAIS data, with the only difference being the size of the texture window, which was 24 x 24, instead of 20 x 20. In order to match the window used with DAIS, the window would need to have been 30 x 30, but as the processing speed increases geometrically with window dimension, a window this size would have been prohibitive to process in a production environment.

The mean texture values were again stratified by canopy type: deciduous, coniferous, and mixed, and the distributions were divided up by even quartiles. The objective was to have the field foresters label the quartile breaks, but little correlation could be found between the texture measures and tree size. The accuracy assessment for the Southern Pilot Area was made using Bill Sterrett’s Year 2000 pilot compartment map, and was run on the species and canopy closure layers. This is listed as Appendix H.
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Fig 9. Classification of Emerge Imagery.  Legend is the same as for the DAIS classification.

3.5.3 Segmentation

Segmentation of the Emerge imagery was undertaken using new routines developed by Space Imaging. This could only be done after pre-processing of the imagery to remove the background zeros. The outputs of the routine were moderately successful, although with the 2 ft resolution, processing time was considerably more than DAIS at 1 m resolution.

The delineation of stands, on the whole, was less precise than with DAIS data, presumably due to the resampling of the imagery and the narrower dynamic range, but it was interesting to note that some boundaries were delineated that weren’t delineated in the DAIS segmentation, most notably individual strips in strip plantations.

3.5.4 Costs

Estimates for the cost of Emerge imagery over a 3,000 square miles area was $86 pre square mile.

3.5.5 Delivery

The delivery from Emerge has been good for the pilot area and is currently on schedule for the collection over the operational test area of 767,000 acres this summer.

3.5.6 Operational considerations


As with DAIS, the Emerge sensor is fairly new, and the company is still working out some “bugs” in the delivery of the product. The imagery received for the Southern Pilot Area was mosaiced well in terms of the color balancing, but not in terms of spatial registration, i.e. the individual image tiles were often shifted by up to 50-70 meters in relation to one another. Emerge tells us that this process has been greatly improved since last year.

The dynamic range of the Emerge imagery, being in 8-bit format, is much less than that of the DAIS 12-bit format. One result of this limited dynamic range is that there is not as much information in the shadows as with DAIS or Ikonos. This can lead to misclassifications, and indeterminate canopy closure values. Deep shadows and water also contain zeros, or areas of “no data”, which need to be filled before the imagery is processed, which introduces another processing step.

As far as the actual collection and delivery of the imagery is concerned, Emerge has a very quick turn-around time, and 12 aircrafts. This would make a full collect of DNR lands realistic.

3.5.7 Conclusions

Species

In comparison with the DAIS classification, the classification undertaken with Emerge imagery showed that the imagery possesses much lower discriminatory power. Attempts were made to separate additional species from the imagery alone before submitting the low-level classification to the species modeling process, but the separation was very inconsistent. An accuracy assessment was done using a stand map generated by Bill Sterrett. Compartment 150 contains a mix of species including, pure aspen stands, white pine plantations, lowland hardwoods and Populus lowlands. These were classified predominantly as upland and lowland aspen. The accuracy assessment matrices for the Emerge classifications are presented in Appendix I.

Facts recently brought to light concerning the calibration and sensitivity of the near infra-red band in the DCS-430 sensor explain the reason that the imagery, in forested areas, has a reddish hue. The histogram of this imagery band is relatively flat in the forested areas, as the sensor is “blown out” (saturated) by the radiation intensity at these wavelengths. Thus the near infra-red band, which is considered to be of prime importance to vegetation classification, tends to add little information to the classification. In this classification process, the high-resolution imagery was able to add spatial detail, but did not enhance the species detail over what the TM classification was able to provide.

At this writing, PMR has received reprocessed imagery from Emerge, which is processed using a linear driver as opposed to the traditional “gamma” driver that Emerge uses in production. The company claims that this data should lend itself better to automated processing techniques. In visual examination, it is evident that the reprocessed imagery is also better suited to manual and visual interpretation.

Canopy Closure

The methodology used in the production of the canopy closure layer was identical to that used in the DAIS classification. With the 8-bit imagery, however, the understory was less separable from the canopy, and the results were somewhat ambiguous in the low canopy closure class. The high canopy closure class, as with the DAIS classification, had a high degree of accuracy  (Producer’s accuracy), since the overwhelming error in this layer was, again, overestimation. A number of stands which should have been labeled as belonging to the low canopy closure class were instead labeled as high, and several which should have been labeled high were instead labeled as low canopy closure. This classification was judged against a stand map drawn by Bill Sterrett on 1:15840 scale aerial photographs. The manually delineated polygons were used to summarize the modeled raster layer. The accuracy assessment matrices are shown in Appendix I.

Size

An attempt was made to extract a measure of size from the Emerge imagery in the same manner as from the DAIS imagery. The results were not assessed in the field, as the methodology was deemed unreliable at this point.

3.6 IKONOS -  Space Imaging

3.6.1 Approach

The Ikonos satellite was launched in the fall of 1999, and imagery was first made available in January of 2000. Imagery for the IFMAP Pilot area was acquired on Sept. 8, 2000, and remains unprocessed and unclassified. The larger 11 km x 11km scene size reduces the mosaicing and color balancing problems seen in the other products. Pacific Meridian Resources obtained both the Multispectral and Panchromatic products and merged them to create a Pan-sharpened image, which has a ground resolution of 1 meter.

3.6.2 Segmentation

Several trials of the segmentation routine were run on the IKONOS 4-meter data. Encouraging results were obtained using parameters similar to those used on the DAIS data. As with the DAIS segmentation, the behavior of the algorithm varied with brightness and cover type. Preliminary results from field foresters also indicated that different minimum mapping units for forested land and openland were desirable. To control the size of various types of polygons, attributes were added, including mean texture, mean NDVI, and mean value of bands 1 and 4 (blue and NIR). The texture band was derived using a 5 x 5 window with a standard deviation operator. These attributes were used to separate openland from forested polygons, and then to give each a spectral label, to be used to merge similar polygons. In this manner, openland and forested polygons could be treated differently to obtain the desired minimum mapping units.

The results obtained from these trials were encouraging, but sufficient problems remained with polygons crossing cover types and differences between the foresters’ desired outcomes and the automated product to prove the polygons insufficient for use for inventory and high-resolution mapping purposes. To produce a product useful to the forester, future attempts at polygon generation may include more detailed texture, context, and shape analysis. These are  attributes, which have not been included in many classification algorithms to date, but with the growing presence and utility of high-resolution imagery, are becoming areas of increasing interest. At present, Pacific Meridian Resources is working to develop ways of incorporating these attributes into classification models.
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Fig 10.  Segmentation Polygons on Ikonos 4m imagery.
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Fig 11.  Ikonos Pan-sharpened 1-meter imagery (Bands 4,2,1).

3.6.3 Costs

Cost per square mile varies depending on the precision of the georeferencing there are currently 4 products offered. These are 

· Geo, no stated ground accuracy, cost $51.80 per square mile

· Reference, CE 90 – 25m, cost $82.90 per square mile

· Pro, CE 90 – 10 m, cost $ 111.40 per square mile

· Precision, CE 90 – 4 m, cost $158.00 per square mile

3.6.4 Delivery

Satellite sensors as opposed to an airborne sensor have a fixed revisit time which for Michigan for an image angle of < 25º is around 8 days. Also the imagery is collected above the clouds therefore cloud free imagery is not guaranteed, the stated cloud specification is less than 20% cloud cover. Although the delivery for the pilot area was good, and the quality excellent, each mission needs to be evaluated with respect to feasibility. IKONOS is designed to collect large swaths of area and is less usable for the dispersed land holdings of the DNR.

3.6.5 Operational considerations


As the only currently operational high-resolution satellite, the demand for Ikonos imagery is quite high, and there are limitations on the number of scenes that can be captured on a given day. The Ikonos sensor is pointable, and depending on the product ordered, the elevation angle may introduce effects that could hinder canopy closure measurements. 

3.7 AISA - 3DI

3.7.1 Approach

Individual tree species must contain unique spectral properties in order to be identified from remotely sensed imagery. Studies using relatively low spectral and spatial resolution imagery (i.e. TM) have had poor results.  Better results have been achieved using low spatial with high spectral resolution imagery (i.e. AVIRIS) but the accuracy has been reported to be low. A major problem with using twenty or thirty meter pixels is high frequency of mixed pixels.  A pixel containing a mix of species could have the same spectral characteristics of a species not contained in the pixel.  Using one-meter pixels would drastically reduce the frequency of the occurrence of mixed pixels.  The limiting factor is whether the variance of the signature  of individual species overlaps with the signature other species.  The following section evaluated whether the species contained in the pilot area are separable using high spectral and high spatial resolution imagery.

Methods:

Imagery 

The imagery discussed below was captured with a hyperspectral sensor the AISA system was captured over the pilot area. This imagery contained 55 spectral bands between 430 – 900 nm with a band width of 8 nm. 

Band Creation:  Data Reduction and Information Extraction:

The differences in spectral reflectance for each species were extracted from the 55 values associated with each pixel (55 bands) in order to separate each class.  Two problems are associated with working with all 55 bands.  The first is that it is very time consuming and cumbersome for the computer to make the numerous calculations associated with a classification.  Second, forest species do not vary significantly at certain wavelengths. The bands associated with these wavelengths were removed.  The following bands were created:

Vegetation Index–The Normalized Difference Vegetation Index (NDVI).   NDVI is the difference of the NIR values and the values associated with the red wavelengths divided by the sum of these values.  This has shown aid in species classification by amplifying the differences in species reflectance.

Principal Components Analysis (PCA) – PCAs are derived to reduce the redundancy of the data.  Variances are used to derive the greatest differences between bands of different pixels.  

Spectral Pattern Analysis: Signature Derivation:

Ground reference data were collected for 62 stands throughout the study area. The criteria for which stands would be used as signatures were:

1. A dominant species of >75% canopy cover.

2. Areas were easily recognized on the imagery with an AOI file or could be visually determined.

Nineteen sites fit these criteria:


1 ash (ASH) combined green and white


3 big tooth aspen (BTA)


2 quaking aspen (QA)


1 red oak (RO)


5 red pine (RP)


3 sugar maple (SM)


2 white cedar (WC)


1 white pine (WP)


1 white spruce (WS)

The signatures were collected using the Seed Growing Tool in Imagine.  The Spectral Euclidean Distance was adjusted so the seed would grow to encompass the dominant species present but would not include shadows or other anomalies.  

3.7.2 Classification 

The generated bands from the data exploration and the original bands were used in a spectral pattern analysis to determine the best bands that could be used in discriminating between species. 
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Fig 12. The mean spectra for each of the merged species.  

Spectral information for each species were obtained from known stands in the imagery.   The average of all the pixel values at each band were calculated and plotted with one standard deviation error bars, Figure 12.

If the error bars overlap for each band the species can not be separated using this imagery.  Only one band with a statistical difference is needed to be able to separate the species. If the all the error bars overlap for a certain species it can be determined that the species can not be separated from the others Signatures of the same species were combined to encompass variation within the species.  The error bars for each species overlapped at every wavelength (Figure 12.) all except for red oak, which was separated in several bands. 

3.7.3 Bispectral Plots

Research conducted with lab spectra of known ground leaves of forest species have shown a correlation between certain wavelengths and nitrogen and lignin concentrations.  Nitrogen and lignin concentrations are known to be unique for individual species.  When nitrogen is plotted versus lignin the species gather into separable clumps on the chart.  Theoretically, if the bands which correlate with nitrogen and lignin are plotted with known species from the ground reference data, individual species should separate or clump.
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Fig 13.  Bispectral plot of bands 10 and 45.  

Five spectra of the dominant species were collected from individual pixels within each of the reference area plots. The spectra associated with band 19 has been shown to be correlated with lignin and band 45 has been shown to be associated with nitrogen.   The collected spectra were compared on bispectral plots using band 19 versus band 45 as well as band 10 versus band 45. The bispectral plots revealed no distinct clumping of species.  The results from band 19 (lignin) versus band 45 (nitrogen) were not as good as band 10 versus band 45.  Figure 13 shows the bispectral plot of band 10 versus band 45.

The best bands for discriminating species was determined from visually examining the spectral pattern analysis.  A supervised classification was run using the maximum likelihood algorithm.  The classification was run using all the individual signatures, and the combined signatures of like species. Bands 10 (for non-forest), 26, 30, 33, 38, 42, principal component band 1 (PCA), and the Normalized Difference Vegetation Index (NDVI) were used.  Several classifications were performed using different signature combinations.  The best results were from the combined species signatures.  The ash signature was removed due to the over- classification of the species.  There were only 23 training areas to evaluate the classification.  Table 5 shows what was classified and what was observed.

	Classification
	Reference
	
	Classification
	Reference
	
	Classification
	Reference

	BTA/QA/RP
	BTA
	
	BTA/RP
	RM/QA
	
	QA/WC/RP
	ASH/BIRCH

	BTA/QA/RP
	BTA/QA/RM
	
	QA
	RP/JP
	
	QA/WC/RP
	JP/BTA/RP

	BTA/QA/RP
	BTA/RP
	
	QA/BTA/RP
	ASH
	
	RP
	RP

	BTA/QA/RP
	QA/RM/CHERRY
	
	QA/RP/BTA
	BTA/RM
	
	RP/BTA
	SM

	BTA/RM
	QA/SM/BTA
	
	QA/SM
	BTA/RM
	
	SM/RP
	BTA/SM

	BTA/RP
	BTA
	
	QA/SM
	QA/RM
	
	WC
	RP/JP

	BTA/RP
	BTA
	
	QA/SM/WP
	QA/RM
	
	WC/QA
	WC

	BTA/RP
	QA
	
	QA/WC
	WC/RM
	
	
	


Table 5:  Results from the classification

We did not have enough single tree ground reference data to accurately evaluate a classification but there is enough information to evaluate the possibility of making an accurate classification.  Only red oak was separable according to the spectral pattern analysis.  It should be noted that only one red oak stand was used in the signature.  It is possible that if other red oak stands were included it would increase the variance.
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Fig 14.  signature separation using hyperspectral data for forest species determination.

The bispectral plots further indicated that individual species could not be separated using this imagery.  None of the species were separated into unique clusters.  Several combinations of different bands were tried and there was little success. It should also be noted that there were several species not included in the analysis because a pure signature could not be attained from the reference data.  These species would most likely fall within the species evaluated where the signatures already overlap.  In the case of the ash signature, it was removed from the classification because it resulted in over-classifying the species.  There are two possible explanations for this. The first could be that the ground reference data were incorrect and the spectral data actually included several species of trees.  The second explanation is that there is a large amount of variance within the species.  Figure 14 shows the range of the ash spectra.

Only one plot was correctly classified using these signatures.  Although many of the plots contained species not included in signature set and the erroneous presence of red pine can be attributed to shadows; it can still be concluded that the classification was not successful.  With only four hardwoods in the signature set, the hardwoods were not correctly classified.  There are at least five other hardwood species found in the training area that would have to be included in the signature set.  If the classification didn’t work with four, it would not work nine.

3.7.4 Segmentation

Segmentation of the image was performed using the red, infra-red and texture bands. The results of this process was satisfactory. There was little problem in segmenting the image 

3.7.5 Costs

The costs of the imagery were around three times that of the other image types evaluated, which puts the imagery into the high cost category at around $240 per square mile.

3.7.6 Delivery

The system is an airborne system and so delivery was based on the ability to get the aircraft to the site and capture the imagery. This was a problem during our capture periods. We specified the data to be captured by the 15th August, these data were captured at the beginning of September. The image quality delivered for individual frame was considered sufficiently good, however the mosaicing between frames was poor especially in the shorter wavelengths. Overall the delivery of this imagery was poor.

3.7.7 Operational considerations

The results of the spectral pattern analysis and bispectral plots indicated that individual species could not be separated with this data.  The result of the classification further confirms this.  Although many plots were close, only one plot (red pine) was accurately classified. The inability of this imagery to provide an improved species classification over other sensors, coupled with the high cost and other considerations would make the AISA data a poor choice for the IFMAP project. The overall poor delivery and mosaicing of the image and the higher costs of this imagery when compared to other sensors mean that we do not recommend this imagery for operational high resolution imagery capture for the IFMAP project. There may be a potential for the use of hyper spectral imagery in species classification if the hyperspectral sensor collected imagery further into the longer infra-red wavelengths. 

3.8 Overall Conclusions

3.8.1 Approach

At the present time, Pacific Meridian Resources feels that the current state of the high-resolution technology is unable to produce the level of accuracy desired by the Michigan DNR. The satellite and airborne systems have the capability to give us great spatial resolution, perhaps greater than is needed to map forest lands, but the spectral information is not sufficient to discriminate species at the level of detail and accuracy to meet DNR needs. Determination of size class and canopy closure from processing of 2-dimensional optical imagery has only been successful in water-limited forest types. In non-water-limited forests, like those in Michigan, tree canopies close at an early successional stage. For non-water-limited forests, traditional 3-dimensional stereo air photo interpretation is the only proven operational method for determining size class and canopy closure remotely at present. Our investigations into automated approaches indicated that considerable research and development are still needed before high resolution image processing can provide this information at the scale and precision expected by the MiDNR.  

3.8.2 Classification

As the technology exists at the present time, species differentiation capability of the high-resolution imagery is less than that of Landsat. As used in the modeling procedure outlined previously, the high-resolution imagery will add only spatial detail, without adding spectral or species detail, and, in cases in which the classifications disagree, assumptions have to be made. This holds the possibility of introducing errors into the output classification.

In order to use high-resolution imagery for detailed forest species mapping, Pacific Meridian Resources feels that the appropriate sensor must have the ability to collect data into the middle IR range, and possibly further. Such a capability would closely match that of the Landsat TM sensors, and provide comparable data in a high-spatial mode.

Many of the same concerns affect the ability of the current technology to extract an accurate measure of canopy closure. The sensors that were evaluated had difficulty differentiating shrub understory or grass in very small openings from the canopy. These openings are very often in shade, and in the initial stages of the classification process, the shadow model would need to be much more selective in order to correctly classify the openings. This would be effective only with a sensor of high dynamic range, such as DAIS or Ikonos. Until these processes are tested and evaluated further, canopy closures will continue to be systematically overestimated. These difficulties aside, the canopy closure layer has the potential to be the most straightforward layer to derive.

In order to derive a measure of size from the high-resolution remotely sensed imagery, new and different methodologies will need to be developed. The use of the texture layer and the assumption that a texture statistic within a polygon relates to tree size may be only part of the solution. Pacific Meridian Resources has been successful in past years with extracting a size measure from low-resolution imagery in the Pacific Northwest. The eastern deciduous forests are much more complex and much less uniform, however, and the approaches used in the west are not directly applicable to this region.

Generation of a size statistic in the forests of the eastern and Great Lakes region would likely require the input of a biomass variable, such as would be available from radar imagery (See Section 2.5).

3.8.3 Segmentation

Conceptually the goal of image segmentation for IFMAP was to provide a starting point for the DNR foresters to create stand maps similar to those made using manual methods and airphotos. Upon examination of the outputs of the routine, the conclusion was reached that the polygons, such as those shown in Figure 15 and 16, were sufficiently different from manually produced polygons, that they would not succeed as an end product. In many places, the automated polygons delineated forest stands and openings with great accuracy, and, in others, they did not. Roads, in particular, were a source of concern, as many forest roads are partially covered by tree canopy. The road becomes split in such a case, or the roadside does not end up linear. In such a case, the polygon would need to be manually altered. If the segmentation process can produce a product that significantly decreases the amount of interpretation and digitizing, it would be a worthwhile endeavor, otherwise full manual stand delineation would be called for.

For comparison purposes, another method of image segmentation was tested. This method involved performing an unsupervised classification on the image, filtering the output to make more homogenous regions, and eliminating regions that were below the minimum mapping unit. After performing the unsupervised classification, though, the filtering and elimination of the smaller polygons have little relation to the spectral properties of the imagery. For this reason, the output polygons seldom reflect the true stand boundaries. This process proved to be faster to implement than the segmentation routine, but the results were far inferior.

Pacific Meridian Resources is continuing to evaluate the image segmentation software on an ongoing basis with the DAIS, Emerge, Ikonos and scanned DOQQs. Although the results look promising the output files contain significant crenulations that can be difficult for the foresters and analysts to work with. These can be greatly reduced by using generalization routines in Arc/Info, but these routines introduce another source of error..
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Fig. 15.  Ungeneralized polygons created from DAIS imagery.
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Fig. 16.  Generalized polygons, created using GENERALIZE and SPLINE.
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Fig. 17.  Polygons created using the ISODATA routine.

In summary, image segmentation polygons were too complex (crenulated) and in some cases non-intuitive (i.e. lines placed where they don’t seem to belong) to serve the needs of DNR’s high resolution inventory Stand examiners need polygons that make sense from a visual interpretation of the imagery. Stand lines should be sufficiently smoothed (generalized) so that that they can be easily determined while navigating in the field. Image segmentation takes advantage of several traditional air photo interpretation tools; color, texture, tone, but it cannot utilize information on shape and context that, in many cases, proves important for creating a useful cover type map. For these reasons, the IFMAP project is moving away from image segmentation toward a manual, GIS process for delineating stand polygons. A report on investigations into this manual GIS process and recommendations for the 2002 operational test will be published in a separate report due out September 2001.While our investigation into image segmentation indicated that current technology was not suited for this operational use, it gave the project team reason to expect that it could be an important stand delineation tool for the future.

3.8.4 Costs, operational considerations and recommendations

Of the sensors evaluated the AISA system has the least utility for his project, this is because it is the most expensive and does not appear to give results superior to the other sensors. It is also the most difficult to process. 

Of the other three sensors, the highest quality imagery is from DAIS, this 12 bit, 4 camera system produces imagery which can provide the best imagery for automated processing. It is also the second most expensive sensor. Since during this investigation we do not currently believe that automated processing is the route to follow, the advantages of the DAIS imagery in terms of image quality are off set by its price and the fact that it only has one operational sensor and aircraft. 

IKONOS is very similar to DAIS in image quality it has 11 bit imagery and has the added advantage of large frame size and lower cost. For this project its biggest drawback is the issues with the capture of small sites. DNR property is distributed over the state of Michigan, some in large block but much of it in small parcels. The capture of imagery using this type of distribution is very inefficient with IKONOS, whose minimum capture size is 100 square km. In addition IKONOS can not fly under clouds and has a fixed orbit. This can present problems when large areas are needed to be captured over the State that has one of the highest cloud covers of the continental US.

Emerge, although capturing less information in its imagery is the least expensive option, with a long track record of large area collects. The imagery present more challenges to automatic processing that the other sensors, however because we recommend not to pursue this option at this time, this drawback will not impact the use of imagery for this project. If at a later date this assumption is challenged, by the development of routines and methods that allow a more accurate classification of high resolution imagery, the option of using Emerge imagery should be reviewed.

Our recommendation at this time is to use Emerge imagery for the operational test of the imagery system. This recommendation has been acted on and Emerge were able to capture practically cloud free imagery over 764,000 acres of Michigan during July and August 2001. This imagery has been delivered and is being evaluated by PMR at the time of writing.

It should be emphasized that the industry is developing rapidly and there are other vendors who are showing great promise, two of these vendors bid on the operational test imagery buy these were GeoVantage and Airborne Data Systems. Both these vendors offer a 4 camera system, which although not 12 bit like DAIS offers advantages over the single camera system of Emerge. We recommend that before each set of imagery purchases for this project the current state of the industry is evaluated and that if better imagery is needed than Emerge for automated classification then one of the other vendors is evaluated.

4.0 Summary and conclusions

4.1 Classification scheme

Since the inception of the IFMAP project, Pacific Meridian Resources has worked with MiDNR personnel to develop a classification scheme that will serve as the foundation for the high-resolution, low-resolution, and inventory phases of the project. The goals of this scheme are to define land cover classes and species associations that are useful from the standpoint of forest and wildlife management, to provide meaningful strata for the stratified inventory efforts, and to provide land cover information for researchers in the field and in Lansing. The components of the classification scheme are based on the needs of both the regional field personnel and the statewide planners, and as such are scaleable to varying levels of detail. The scheme is also mutually exclusive, in that no area can be classified in more than one way, and is exhaustive, meaning that no area will be left unclassified.

As of this writing, the classification scheme has been examined by representatives of all regions of the state, and changes/additions made to take into account the variety of species, species associations, and land cover types encountered throughout Michigan. The classification scheme was designed originally for the State of Michigan in general, and specifically for the pilot area in Grand Traverse and Wexford Counties, in the spring and summer of 1999. It was subsequently updated to reflect the unique cover types and associations in the Southern Lower Peninsula, in the spring of 2000, through discussions with DNR field personnel. In the spring of 2001, meetings were scheduled with representatives of the Northern Lower Peninsula, Western Upper Peninsula, and Eastern Upper Peninsula to update the classification scheme.

The rules devised to arrive at the land cover and association categories use, as their key factor, percentage of canopy occupied by a given species. This is necessary due to the sensing mechanism, either satellite-borne or airborne, being overhead, and having an extremely limited capability for canopy penetration. Using a measure of canopy closure to classify a forested area represents a new paradigm for many foresters, and the relationship between canopy percentage and stocking percentage is seldom direct. For this reason, the rules associated with the classification scheme need to be examined periodically, using the foresters’ subjective stand characterizations as guides. In this manner, the percentages can be adjusted to the point where the canopy label reflects the true stand composition.

The classification scheme is designed to concentrate on Upland and Lowland Forested, Openland, and Wetland types, since these are the predominant land cover types present on DNR lands. Other types such as Urban, Barren/Sparsely Vegetated, and Agricultural are classified to a lesser degree of detail, as they represent less significance from a management perspective to the DNR. The classification scheme is presented in Appendix A, and the rules are presented in Appendix B.

4.2 Coarse resolution map

At this time, the processing of the coarse resolution, derived from Landsat TM imagery for Southern Michigan is almost completed. The field work to collect training data for the Southern Lower Peninsula was completed in August 2000, and the processing is expected to be completed Early October 2001. The field work for the Northern Lower, Western Upper, and Eastern Upper Peninsulas will occurred over the Summer of 2001. Ordering of the imagery and processing of the imagery will start in October 2001 and is expected to be completed by October 2002.

When complete, this map will provide a statewide classification that will be linked to the FIA database to produce a statewide inventory of forest resources. The TM map will provide a resource for ecosystem-scale management, as well as a statewide planning tool for wildlife habitat. It will also allow for assessment of resources on a unit or county-wide scale.

When complete, the map will be assessed to determine its accuracy. This map is expected to attain an overall accuracy level of 85%. 

4.3 High resolution map

The concept of the high-resolution map has changed since the IFMAP project was first conceived. The high-resolution map is designed to replace the Operational Inventory maps currently in use, and when complete, will provide a spatial database with which the stand-level inventory will be linked. This map and database will be produced over all MiDNR lands, classifying forest stands to level 4, and containing additional attributes, such as average tree size and crown closure. Polygons will provide the basic unit of inventory, and will range in size from two acres and smaller for clearings and special areas of interest, to the size of a uniformly managed, contiguous stand. As a stand-level map, it will become a basis on which operational management decisions could be made, regarding wildlife and forest management.

Automated classification of high-resolution digital imagery, either from an airborne or satellite platform, was the goal at the outset of the investigations. DAIS 1 m Emerge 2 ft, 3Di 3 m, and Ikonos 4m and 1m imagery were investigated for suitability for automated classification. When classified alone, the high-resolution classifications were reliable only to Level 2, or deciduous vs. conifer in the forested classes. The classification routines utilized a TM classification as an input to add spectral depth and class detail to the final product. The determination was made that the resulting classifications, though possessing the desired spatial detail, did not gain in reliable species detail over the TM classification itself. The hypothesized reason that the imagery was unable to provide the desired level of detail was the lack of spectral sensitivity of the sensor into the mid and far infra-red regions of the spectrum, and the fact that it ws single rather than double or triple date imagery, and the relative immaturity of techniques and software tools as compared to image processing of TM.

The high-resolution imagery was also used to produce stand polygons using an image segmentation routine. This algorithm employs unsupervised classification methodologies in conjunction with clumping and sieving routines to produce zones of like values, using pre-determined spectral and spatial thresholds. The outputs of this algorithm were converted from raster to vector databases, and smoothed to give an appearance closer to a hand-delineated stand map. The field foresters then made comments on these smoothed maps, which included their desire to see clearings and openings delineated with a much smaller minimum mapping unit than forested stands. This necessitated the addition of spectral attributes to the polygons, so that the clearings could be differentiated from forested polygons. Some of the attributes added were mean of band 4 (NIR band), and mean texture. Once these cover types were separated, polygons were merged to achieve the minimum mapping unit based on similarities of the polygon attributes. The final product was compared to the field foresters’ hand-digitized maps, and determined to be of good quality, though they still required enough editing not to be suitable for the DNR’s purposes. 

The current direction of the high-resolution effort is tending towards the use of the satellite or airborne imagery as a backdrop for heads-up digitizing of the stand polygons. The imagery’s value as a visual product justifies its acquisition. The software developed for the project will enable easy stand delineation from the imagery using the leaf on – leaf off and ancillary data sources. 

In the future we expect that the rapid development of new  high resolution image-processing software and techniques will make the investment in digital imagery even more valuable. Initial research indicates that in the next few years routine for canopy closure may help foresters in the classification of their stands. 

The report indicates that we are at the start of extracting the potential information from digital imagery, currently the limitations to accurate processing require human intervention to both delineate the stands and to classify the stands to the level required for operational management. This may well be an advantage because the forester will have an increased investment in the map he/she produces while within the overall system there will be checks to ensure that the data produced by different foresters is consistent and accurate.
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Band 10 (538 - 543)

Band 45 (889 -893)

Bispectral Plot: Band 10 vs. Band 45
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Band 10 (538 - 543)

Band 45 (889 -893)

Bispectral Plot; Band 10 vs. Band 45
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		9		477		460		550		594		499		547		514		527		524		508		626		580		584		660		551		599		618		655		599		666		590		483		611		650		541		501		545		528		506		467		690		598		527		524		540		591		530		558		576		560		418		480		422		492		448		454		467		466		498		412		364		362		410		420		372		443		407		434		388		406		543		594		637		522		629		422		443		489		443		601		484		484		497		515		583		483		520		454		642		505		491		560		572		447		524		492		451		624		495		563		594		543		620		474		493		416		508		447		463		548

		10		517		475		588		613		526		582		555		540		558		533		632		602		643		695		538		644		687		729		675		735		630		522		663		683		588		541		532		558		543		472		784		643		574		587		591		592		531		591		568		589		435		496		440		505		458		463		466		463		521		416		373		370		425		444		402		461		421		456		410		420		546		648		723		592		688		459		481		539		491		676		535		535		561		583		647		528		531		452		702		543		495		633		619		599		550		508		476		709		520		579		613		587		669		524		532		425		533		472		473		573

		11		515		489		613		616		530		581		563		556		585		554		698		644		614		662		583		681		726		768		704		789		653		532		691		700		613		542		536		574		545		479		809		676		581		630		612		571		583		583		539		619		438		490		445		500		462		466		459		477		529		415		370		356		413		445		377		474		408		459		409		423		532		682		780		595		679		456		479		558		493		710		555		555		596		588		692		510		542		489		744		539		548		641		644		596		558		527		484		715		516		595		648		607		697		528		533		438		531		454		481		579

		12		495		453		589		550		529		570		535		520		542		495		639		587		631		665		548		662		716		755		699		779		655		519		694		675		622		512		516		518		504		463		811		681		566		605		602		562		527		579		523		563		410		476		421		491		452		452		443		441		510		391		354		350		401		431		370		456		402		440		406		406		528		701		735		559		665		453		478		555		470		711		555		555		592		591		676		484		549		487		714		566		501		653		634		664		497		517		470		693		506		575		645		581		686		524		523		431		533		453		482		562

		13		438		397		512		510		451		514		480		488		483		453		575		544		595		591		524		583		627		666		613		681		592		491		630		580		572		454		480		485		460		382		712		607		496		534		535		522		503		550		488		523		376		418		371		448		404		386		387		398		448		346		320		303		366		382		326		421		358		409		375		371		527		615		656		546		618		398		429		499		423		626		490		490		524		512		592		426		468		451		660		505		476		562		561		539		463		477		431		631		467		557		587		529		619		477		468		397		491		411		438		508

		14		368		329		427		433		386		437		406		415		420		387		519		477		471		537		437		503		535		591		534		595		515		433		542		563		491		378		422		411		391		355		600		520		441		471		469		472		447		475		456		474		341		386		340		409		343		357		366		362		411		318		284		286		319		355		294		373		321		366		335		339		446		526		593		438		543		363		395		445		369		553		426		426		457		455		516		395		444		374		633		459		425		533		537		489		402		421		400		571		426		513		510		466		544		420		415		361		438		372		400		472

		15		347		314		394		389		361		406		380		379		388		365		467		459		459		491		434		444		500		535		481		545		492		415		507		481		463		331		373		373		375		338		560		482		403		437		421		438		423		428		429		448		311		354		314		392		321		316		321		336		368		304		270		251		291		328		276		337		302		344		319		307		455		507		571		403		525		340		370		404		340		513		393		393		425		409		462		357		404		369		593		458		375		487		496		437		368		392		385		527		386		460		466		427		492		386		382		332		401		335		383		424

		16		342		309		389		392		354		395		375		390		371		361		507		467		499		479		453		445		487		515		475		535		507		428		529		479		482		338		370		361		358		311		548		482		414		443		426		438		397		469		417		457		313		335		305		399		329		318		322		318		374		289		259		264		300		322		267		331		300		340		305		311		402		494		569		398		513		340		366		408		327		500		383		383		411		400		464		367		411		404		573		443		404		497		539		431		402		383		373		521		395		470		462		424		475		391		380		319		407		340		376		435

		17		326		298		388		350		351		376		348		364		364		339		506		449		474		474		430		414		464		494		440		497		482		434		505		440		443		315		361		342		346		327		523		471		371		404		417		459		391		427		387		390		295		336		289		388		305		303		298		301		349		275		254		237		264		306		258		315		274		327		295		292		382		529		500		423		501		318		341		398		313		479		380		380		403		371		432		316		396		397		545		422		417		455		477		438		351		364		366		482		372		453		436		400		461		364		353		305		396		320		364		410

		18		311		274		359		316		331		342		313		345		336		301		470		398		419		428		429		375		423		448		411		456		447		418		484		445		467		277		337		310		305		278		486		422		356		394		369		396		393		393		378		362		265		296		272		368		276		276		286		283		319		254		247		232		280		286		235		303		255		302		281		270		384		437		479		377		471		291		318		365		275		437		345		345		363		347		406		311		368		352		523		388		363		446		448		404		337		333		341		445		337		422		414		359		413		352		318		285		364		301		329		384

		19		297		262		336		316		307		351		309		320		319		295		471		410		402		433		435		357		404		437		383		429		437		399		472		426		422		269		315		279		300		275		454		413		334		374		364		396		353		400		432		408		252		280		257		361		268		264		265		269		315		241		223		226		246		264		226		282		257		287		264		259		335		435		469		341		448		282		305		344		266		415		324		324		353		335		369		304		361		331		468		410		356		388		446		347		345		330		342		425		340		404		388		349		390		316		310		279		341		295		326		364

		20		281		245		317		299		300		326		282		318		304		284		457		446		385		393		393		338		389		409		369		411		426		402		456		396		417		258		325		291		291		237		442		412		334		362		365		340		343		390		352		390		253		281		254		348		250		248		259		265		288		231		218		210		232		257		217		274		239		282		255		249		346		457		455		397		479		270		304		337		263		399		314		314		330		317		336		291		353		386		498		326		347		398		421		395		309		311		313		403		307		421		367		318		376		314		284		265		327		267		326		351

		21		262		232		286		263		264		292		263		280		276		245		359		354		388		436		327		301		338		355		314		359		408		392		416		358		384		232		297		236		265		223		409		365		303		335		322		339		304		353		309		328		224		251		226		335		228		224		226		222		264		219		196		199		217		235		189		240		222		261		234		221		316		412		423		298		423		242		267		302		234		370		270		270		293		280		323		270		315		308		437		336		321		313		420		288		261		266		284		339		270		364		324		287		330		270		260		243		290		258		273		316

		22		218		213		261		246		272		284		257		258		251		240		351		317		341		357		316		274		311		328		291		319		388		366		412		351		338		209		274		258		249		229		383		349		282		311		301		328		271		321		316		326		204		225		216		316		213		196		210		204		237		200		184		178		201		221		185		226		200		241		225		210		284		325		362		282		365		234		261		283		217		325		270		270		268		265		300		239		295		283		405		308		271		312		324		317		265		248		273		313		242		334		306		255		287		251		237		217		270		224		257		286

		23		221		194		232		230		235		258		220		247		240		220		344		318		308		347		313		252		283		308		258		293		355		358		365		336		321		188		253		226		234		211		352		331		264		286		284		293		286		329		283		331		183		210		196		300		186		189		181		194		226		184		177		177		180		188		171		204		187		225		210		190		270		344		390		291		373		207		225		257		198		298		241		241		252		251		275		215		278		289		352		283		246		308		324		258		239		227		243		274		230		321		271		234		271		240		209		202		252		211		243		274

		24		213		201		241		228		234		252		220		234		207		215		287		318		306		350		333		250		293		302		264		284		364		351		363		324		318		199		254		214		242		201		350		338		258		292		286		269		303		334		284		270		198		202		191		313		185		189		197		198		224		181		169		170		178		186		160		218		172		227		198		194		246		349		359		287		343		202		240		253		201		300		244		244		252		242		269		214		291		287		319		267		260		301		335		239		256		209		241		268		210		325		267		225		266		234		221		196		258		203		232		270

		25		228		225		266		314		258		299		256		289		287		255		388		365		400		410		341		320		372		391		343		386		401		381		407		419		398		241		281		259		276		227		413		380		305		338		341		293		328		353		322		335		214		221		205		314		216		241		229		237		281		243		185		199		200		205		182		254		211		277		228		223		297		390		438		342		386		240		262		297		236		370		278		278		305		305		335		285		340		335		426		344		326		382		416		330		280		261		293		367		258		346		325		279		323		275		252		237		310		259		283		307

		26		495		461		618		642		537		567		542		516		559		450		764		624		671		719		654		740		867		876		813		927		734		650		836		778		784		488		499		483		497		432		839		727		608		676		672		525		516		591		479		556		346		392		356		521		379		426		411		443		521		392		325		330		316		358		325		459		392		479		388		401		592		770		826		644		812		503		555		637		490		810		592		592		673		639		769		523		555		545		748		642		616		702		720		605		539		495		448		733		493		568		643		540		638		521		486		384		529		409		481		552

		27		1007		969		1296		1104		1111		1040		1051		952		1038		876		1388		1096		1198		1230		1116		1448		1728		1637		1552		1737		1212		1049		1490		1260		1320		950		889		968		896		830		1632		1405		1169		1308		1313		937		896		955		897		935		587		663		614		843		671		730		688		733		905		642		522		558		553		614		558		797		674		803		654		682		1053		1452		1592		1232		1609		959		1091		1263		961		1523		1126		1126		1259		1210		1501		849		841		800		1138		1027		1044		1117		1198		994		909		792		670		1216		802		827		1106		924		1119		868		843		591		868		623		775		897

		28		1341		1302		1720		1475		1489		1353		1362		1239		1333		1189		1691		1442		1536		1609		1440		1897		2243		2020		1986		2095		1362		1204		1734		1560		1472		1267		1151		1272		1189		1109		2152		1821		1546		1731		1758		1138		1114		1176		1086		1185		759		837		783		1050		839		929		882		960		1163		829		654		707		692		728		697		1015		852		1006		823		869		1391		1789		2058		1436		2058		1234		1439		1589		1276		1852		1408		1408		1558		1537		1890		976		904		872		1260		1138		1135		1397		1323		1101		1137		899		716		1328		894		886		1342		1116		1357		1063		1053		718		1026		710		941		1048

		29		2160		2046		2755		2259		2307		2103		2118		1955		2034		1894		2547		2192		2314		2363		2270		2949		3443		2982		2920		3023		1786		1602		2385		2184		1956		1993		1804		2009		1794		1779		3309		2854		2455		2722		2713		1716		1648		1710		1620		1736		1157		1286		1215		1604		1315		1437		1347		1449		1765		1241		996		1076		1066		1167		1050		1545		1305		1506		1229		1316		2078		2694		3022		2194		3015		1916		2217		2487		1995		2721		2080		2080		2309		2238		2822		1348		1162		1165		1584		1554		1527		1803		1706		1494		1594		1130		915		1739		1176		1093		1936		1593		1915		1500		1539		1010		1466		1023		1390		1504

		30		3347		3080		4182		3103		3491		3111		3124		2916		2950		2837		3652		3150		3234		3311		3333		4250		4911		4211		4032		4173		2350		2184		3247		2757		2601		2949		2663		2954		2604		2648		4824		4196		3660		4028		4050		2546		2550		2496		2420		2523		1706		1925		1825		2363		1953		1979		1877		1966		2417		1671		1448		1589		1586		1695		1536		2211		1868		2123		1785		1877		3235		4107		4604		3295		4612		2843		3364		3776		3001		3824		3000		3000		3234		3168		4035		1742		1470		1517		1969		1991		1991		2363		2215		2017		2171		1477		1187		2234		1523		1415		2692		2226		2634		2016		2152		1376		1991		1385		1900		2063

		31		3996		3597		4885		3415		4032		3548		3643		3346		3370		3264		4140		3581		3609		3745		3904		4886		5547		4798		4526		4661		2542		2410		3598		2975		2811		3449		3071		3387		2911		3056		5519		4866		4215		4695		4656		2927		2961		2839		2837		2934		1979		2195		2126		2745		2235		2228		2101		2208		2691		1851		1662		1844		1860		1926		1773		2480		2119		2383		2013		2137		3943		4859		5455		3867		5490		3390		3910		4410		3531		4391		3396		3396		3677		3590		4600		1908		1570		1661		2090		2184		2146		2572		2339		2153		2360		1591		1278		2381		1663		1499		2982		2444		2890		2234		2400		1510		2207		1541		2134		2292

		32		4132		3614		4785		2670		4149		3403		3484		3248		3162		3163		3720		3185		3064		3112		3743		4299		4817		4173		3979		3928		2479		2453		3556		2289		2794		3257		2933		3272		2813		2909		5302		4593		4033		4517		4631		3135		3375		3203		2881		3121		1928		2219		2111		2658		2222		1793		1718		1713		2218		1471		1583		1862		1910		1913		1794		2171		1848		2022		1849		1916		4243		5102		6060		4280		5956		3245		3832		4465		3486		4175		3367		3367		3490		3358		4470		1533		1298		1584		1918		1941		1970		2262		2155		2056		2178		1481		1180		2131		1676		1467		2931		2449		2760		2217		2315		1325		1912		1411		1866		2091

		33		4191		3768		5077		3620		4183		3737		3788		3506		3531		3422		4366		3663		3687		3913		4075		5224		5828		5021		4702		4886		2578		2473		3605		3062		2892		3631		3250		3535		2969		3208		5677		5053		4417		4921		4900		3027		3096		2946		2921		3032		2059		2296		2231		2922		2358		2373		2238		2329		2846		1946		1752		1967		1911		1964		1835		2636		2237		2519		2117		2247		4208		5213		5689		4065		5798		3650		4185		4692		3732		4545		3555		3555		3861		3788		4758		1958		1622		1711		2076		2171		2237		2668		2437		2114		2486		1618		1299		2433		1675		1481		3043		2520		2900		2302		2468		1577		2251		1592		2182		2376

		34		4440		3925		5309		3632		4408		3832		3916		3656		3675		3551		4476		3828		3788		4014		4261		5383		5984		5171		4840		4999		2691		2611		3750		3108		3049		3750		3397		3677		3079		3316		5826		5253		4601		5054		5096		3172		3282		3142		3098		3199		2122		2404		2326		3038		2417		2387		2278		2382		2890		1950		1827		2059		2053		2023		1897		2721		2297		2602		2185		2294		4540		5456		6223		4384		6158		3806		4353		4862		3886		4702		3673		3673		3962		3956		4959		2006		1640		1801		2185		2265		2306		2721		2518		2221		2605		1669		1359		2498		1749		1566		3161		2644		2951		2390		2549		1591		2323		1616		2236		2451

		35		4449		3941		5253		3553		4370		3785		3854		3574		3615		3519		4405		3845		3792		3921		4304		5277		5868		5143		4769		4875		2663		2626		3731		3029		3026		3704		3304		3601		3064		3302		5731		5090		4500		4968		5051		3193		3252		3106		3042		3226		2102		2355		2287		2990		2407		2354		2249		2314		2825		1937		1830		2044		2010		2002		1882		2677		2255		2577		2140		2279		4457		5507		6142		4377		6109		3808		4279		4814		3824		4650		3625		3625		3930		3895		4902		1950		1605		1865		2166		2308		2309		2718		2548		2198		2595		1600		1312		2428		1715		1517		3107		2598		2835		2355		2510		1568		2283		1620		2190		2399

		36		4370		3945		5264		3623		4356		3844		3890		3609		3625		3551		4417		3812		3739		3948		4365		5290		5878		5233		4807		4946		2667		2655		3698		3040		3031		3735		3361		3627		3105		3297		5738		5136		4520		4978		5128		3273		3302		3126		3117		3059		2115		2349		2298		3029		2401		2385		2288		2342		2867		1986		1832		2050		2038		1975		1905		2684		2278		2563		2160		2282		4533		5577		6180		4390		6083		3868		4326		4846		3868		4638		3611		3611		3932		3974		4884		1970		1636		1859		2171		2293		2363		2766		2472		2024		2641		1647		1337		2472		1706		1548		3119		2619		2846		2379		2522		1546		2281		1602		2216		2424

		37		4375		3939		5190		3350		4362		3683		3696		3529		3474		3418		4303		3719		3639		3834		4310		5078		5634		4992		4619		4749		2667		2687		3634		2763		3034		3625		3265		3505		2990		3216		5471		4955		4356		4810		4931		3109		3261		3199		3044		3242		2017		2261		2186		2875		2301		2269		2131		2202		2682		1850		1775		2003		1985		1914		1823		2605		2169		2488		2089		2179		4553		5526		6034		4383		6103		3784		4154		4702		3720		4501		3495		3495		3809		3818		4693		1938		1565		1804		2053		2242		2351		2684		2481		2114		2612		1578		1310		2349		1642		1495		3015		2560		2717		2312		2413		1484		2172		1556		2085		2325

		38		3815		3441		4491		3172		3777		3293		3370		3132		3143		3085		3834		3323		3368		3424		3749		4648		5132		4545		4204		4366		2349		2363		3127		2670		2675		3301		2940		3211		2676		2867		4888		4416		3918		4333		4432		2761		2889		2780		2625		2823		1836		2005		2006		2651		2060		2131		1981		2087		2538		1759		1615		1798		1808		1717		1604		2359		2001		2300		1908		1986		4027		4842		5356		3897		5332		3475		3794		4218		3366		4033		3169		3169		3459		3513		4228		1749		1436		1642		1838		1965		2052		2480		2200		1895		2323		1438		1201		2101		1489		1320		2699		2326		2428		2100		2240		1365		1984		1406		1916		2096

		39		4093		3686		4832		3363		4066		3620		3598		3288		3397		3301		4163		3472		3500		3605		4011		5030		5461		4869		4508		4622		2509		2595		3371		2837		2925		3524		3184		3350		2906		3074		5215		4697		4185		4641		4746		2968		3073		2974		2888		2989		1956		2154		2137		2796		2250		2273		2153		2218		2676		1869		1737		1937		1901		1850		1774		2511		2146		2430		1992		2134		4306		5305		5787		4332		5723		3749		3995		4526		3607		4280		3361		3361		3701		3724		4511		1858		1565		1765		2027		2220		2228		2602		2453		2115		2528		1521		1286		2239		1607		1434		2881		2490		2567		2271		2336		1457		2121		1525		2011		2210

		40		4584		4137		5353		3779		4536		4002		4005		3759		3782		3671		4787		3938		3984		4177		4590		5548		6080		5390		4984		5151		2791		2886		3680		3149		3227		3947		3523		3844		3222		3409		5757		5277		4664		5070		5255		3291		3472		3314		3257		3350		2178		2393		2412		3187		2471		2486		2392		2485		2965		2105		1937		2191		2157		2024		1973		2800		2346		2714		2228		2363		4647		5995		6572		4674		6337		4174		4426		4953		4000		4742		3709		3709		4082		4213		4997		2139		1770		2057		2262		2514		2430		2865		2742		2237		2791		1733		1447		2541		1776		1574		3196		2793		2820		2544		2620		1618		2348		1705		2225		2497

		41		4862		4437		5650		3886		4833		4106		4137		3866		3838		3831		4823		4072		4089		4310		4845		5699		6190		5597		5139		5265		2982		3079		3881		3190		3390		4117		3654		3886		3357		3532		5924		5410		4801		5262		5444		3458		3642		3428		3394		3444		2249		2499		2440		3264		2593		2571		2479		2510		3017		2132		2001		2284		2235		2085		2027		2889		2394		2796		2296		2422		4937		6038		6721		5079		6615		4278		4582		5134		4117		4802		3824		3824		4204		4303		5166		2139		1817		2150		2364		2535		2579		3107		2816		2355		2943		1773		1494		2581		1840		1692		3252		2871		2907		2632		2695		1669		2412		1791		2295		2577

		42		4903		4425		5707		3915		4827		4166		4118		3872		3801		3823		4928		4152		4079		4492		4873		5725		6246		5654		5189		5346		3015		3142		3911		3283		3460		4165		3693		3861		3383		3519		5884		5400		4900		5229		5511		3366		3672		3603		3396		3452		2279		2459		2456		3314		2574		2665		2498		2548		3100		2197		2016		2273		2227		2085		2071		2915		2467		2836		2307		2501		5121		6119		6807		5047		6776		4386		4568		5136		4155		4821		3850		3850		4217		4379		5153		2246		1819		2229		2121		2599		2603		3100		2855		2529		2860		1786		1521		2647		1831		1669		3303		2899		2847		2676		2743		1671		2423		1788		2294		2582

		43		4931		4519		5698		4071		4888		4181		4220		4007		3956		3928		5028		4214		4317		4509		5072		5792		6350		5785		5283		5476		3076		3216		3906		3413		3511		4276		3797		3932		3339		3585		5928		5485		5000		5299		5586		3519		3655		3574		3530		3421		2349		2536		2495		3391		2651		2706		2545		2646		3087		2242		2081		2348		2300		2122		2090		2948		2531		2876		2381		2507		5109		6361		6871		5167		6734		4485		4648		5191		4200		4894		3940		3940		4337		4470		5244		2288		1931		2176		2434		2581		3044		3196		2819		2404		3155		1877		1586		2682		1867		1704		3368		3007		2924		2772		2787		1720		2445		1847		2346		2673

		44		5020		4619		5860		4017		4976		4263		4219		3897		3914		3904		5036		4207		4478		4344		5073		5796		6279		5779		5287		5373		3124		3294		3987		3417		3606		4230		3794		3980		3451		3595		5951		5438		4977		5261		5659		3123		3730		3571		3627		3662		2354		2522		2499		3433		2661		2697		2564		2640		3086		2227		2087		2352		2308		2160		2076		2936		2446		2872		2406		2515		5200		6284		7090		5242		6784		4518		4692		5205		4217		4902		3862		3862		4374		4520		5220		2231		1909		2359		2362		2660		2809		3083		2862		2528		3161		1906		1578		2641		1866		1747		3372		3003		2860		2754		2803		1743		2445		1918		2374		2587

		45		5035		4609		5759		4006		4924		4136		4119		3921		3860		3878		5084		4223		4258		4572		5180		5782		6177		5716		5198		5299		3106		3348		3803		3296		3640		4220		3825		3850		3393		3593		5841		5324		4880		5184		5564		3474		3847		3743		3456		3722		2317		2487		2458		3370		2572		2672		2463		2604		3062		2224		2057		2314		2294		2104		2043		2876		2452		2795		2311		2474		5241		6267		6909		5159		6906		4472		4616		5085		4152		4766		3871		3871		4246		4397		5123		2219		1880		2425		2206		2721		2695		3091		2754		2492		3252		1834		1669		2627		1842		1709		3307		2955		2891		2732		2778		1704		2416		1870		2286		2554
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		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		437.654		51.098		51.098

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		446.846		52.18		52.18

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		458.356		52.093		52.093

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		457.309		47.423		47.423

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		444.607		45.526		45.526

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		450.598		44.069		44.069

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		450.711		48.71		48.71

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		486.058		61.323		61.323

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		573.409		81.53		81.53

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		634.363		98.134		98.134

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		659.056		108.043		108.043

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		647.98		111.695		111.695

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		573.302		103.357		103.357

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		498.305		91.989		91.989

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		455.658		85.67		85.67

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		452.606		87.21		87.21

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		430.688		85.064		85.064

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		394.478		77.01		77.01

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		376.93		74.575		74.575

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		367.176		73.747		73.747

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		330.33		63.705		63.705

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		309.388		56.742		56.742

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		286.673		52.827		52.827

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		288.499		52.144		52.144

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		337.805		65.672		65.672

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		685.225		148.923		148.923

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		1337.415		255.783		255.783

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		1743.773		279.693		279.693

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		2714.074		362.83		362.83

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		3997.288		484.689		484.689

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		4614.335		527.08		527.08

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		4442.292		552.105		552.105

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		4809.305		511.103		511.103

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		4988.725		533.608		533.608

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		4896.234		523.647		523.647

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		4924.706		516.506		516.506

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		4736.092		504.583		504.583

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		4264.827		427.831		427.831

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		4557.385		457.967		457.967

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		5068.635		508.866		508.866

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		5214.807		524.977		524.977

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		5255.212		520.869		520.869

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		5344.154		527.073		527.073

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		5321.751		523.146		523.146

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		5218.138		520.453		520.453
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		pca		pca		pca		pca		pca		pca		pca		pca		1425.429		1425.429		1654.041		1654.041		1231.684		1231.684		2082.122		2082.122		677.563		677.563		1800.533		1800.533		2597.7		2597.7		738.63		738.63

		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		1365.089		1365.089		2029.67		2029.67		2451.589		2451.589		1343.19		1343.19		786.38		786.38		1525.878		1525.878		1670.435		1670.435		752.972		752.972



ash

bta

qa

rp

sm

wc

wp

ws

12772.761

17007.801

13923.191

9764.103

16163.296

9147.647

11197.633

8045.527

53511.81

56730.907

54746.168

58211.485

58759.419

50631.231

57246.623

56175.781



pcandvi

				ash								bta								qa								rp								sm								wc								wp								ws

		pca		12772.761		2082.122		10690.639		14854.883		17007.801		1425.429		15582.372		18433.23		13923.191		1231.684		12691.507		15154.875		9764.103		1800.533		7963.57		11564.636		16163.296		1654.041		14509.255		17817.337		9147.647		2597.7		6549.947		11745.347		11197.633		677.563		10520.07		11875.196		8045.527		738.63		7306.897		8784.157

		ndvi		53511.81		1343.19		52168.62		54855		56730.907		1365.089		55365.818		58095.996		54746.168		2451.589		52294.579		57197.757		58211.485		1525.878		56685.607		59737.363		58759.419		2029.67		56729.749		60789.089		50631.231		1670.435		48960.796		52301.666		57246.623		786.38		56460.243		58033.003		56175.781		752.972		55422.809		56928.753





pcandvi

		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		437.654		59.815		59.815		45.517		45.517		100.223		100.223		51.098		51.098		52.662		52.662		44.102		44.102		18.386		18.386		18.309		18.309

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		446.846		62.545		62.545		48.213		48.213		84.766		84.766		52.18		52.18		52.986		52.986		42.531		42.531		21.658		21.658		18.603		18.603

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		458.356		57.288		57.288		49.846		49.846		61.303		61.303		52.093		52.093		57.154		57.154		44.101		44.101		20.491		20.491		19.343		19.343

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		457.309		58.882		58.882		47.788		47.788		58.17		58.17		47.423		47.423		51.599		51.599		39.79		39.79		21.609		21.609		18.08		18.08

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		444.607		56.799		56.799		46.281		46.281		34.374		34.374		45.526		45.526		45.678		45.678		38.069		38.069		21.321		21.321		18.843		18.843

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		450.598		51.129		51.129		48.303		48.303		29.004		29.004		44.069		44.069		49.501		49.501		38.342		38.342		20.498		20.498		19.179		19.179

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		450.711		57.176		57.176		47.071		47.071		34.087		34.087		48.71		48.71		48.988		48.988		39.812		39.812		23.294		23.294		20.753		20.753

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		486.058		71.027		71.027		46.029		46.029		43.645		43.645		61.323		61.323		48.032		48.032		49.043		49.043		26.785		26.785		25.565		25.565

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		573.409		73.189		73.189		58.597		58.597		49.664		49.664		81.53		81.53		54.986		54.986		64.424		64.424		31.052		31.052		36.333		36.333

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		634.363		80.519		80.519		69.209		69.209		58.677		58.677		98.134		98.134		60.209		60.209		73.498		73.498		32.676		32.676		44.221		44.221

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		659.056		86.841		86.841		76.974		76.974		65.837		65.837		108.043		108.043		62.529		62.529		81.759		81.759		32.546		32.546		49.68		49.68

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		647.98		84.743		84.743		77.969		77.969		74.37		74.37		111.695		111.695		62.219		62.219		81.538		81.538		32.632		32.632		50.081		50.081

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		573.302		80.082		80.082		69.728		69.728		71.865		71.865		103.357		103.357		58.414		58.414		73.822		73.822		27.894		27.894		44.106		44.106

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		498.305		81.783		81.783		60.546		60.546		64.764		64.764		91.989		91.989		53.599		53.599		66.235		66.235		26.129		26.129		37.412		37.412

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		455.658		75.077		75.077		55.629		55.629		65.072		65.072		85.67		85.67		50.404		50.404		60.924		60.924		23.686		23.686		33.041		33.041

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		452.606		76.861		76.861		55.497		55.497		72.148		72.148		87.21		87.21		52.655		52.655		63.996		63.996		24.331		24.331		33.4		33.4

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		430.688		72.72		72.72		53.531		53.531		74.813		74.813		85.064		85.064		52.395		52.395		60.138		60.138		23.591		23.591		31.033		31.033

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		394.478		68.34		68.34		48.192		48.192		72.728		72.728		77.01		77.01		48.629		48.629		56.767		56.767		22.326		22.326		27.611		27.611

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		376.93		68.074		68.074		46.413		46.413		71.958		71.958		74.575		74.575		47.66		47.66		54.353		54.353		21.331		21.331		26.42		26.42

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		367.176		70.052		70.052		46.921		46.921		72.548		72.548		73.747		73.747		48.399		48.399		53.906		53.906		22.166		22.166		25.967		25.967

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		330.33		61.065		61.065		41.321		41.321		69.29		69.29		63.705		63.705		45.513		45.513		48.117		48.117		19.894		19.894		23.023		23.023

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		309.388		57.638		57.638		36.086		36.086		65.152		65.152		56.742		56.742		39.554		39.554		44.357		44.357		18.048		18.048		21.745		21.745

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		286.673		53.034		53.034		38.184		38.184		63.908		63.908		52.827		52.827		42.07		42.07		41.858		41.858		17.352		17.352		20.706		20.706

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		288.499		55.072		55.072		38.261		38.261		66.006		66.006		52.144		52.144		42.451		42.451		43.04		43.04		17.592		17.592		21.305		21.305

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		337.805		72.269		72.269		40.868		40.868		72.099		72.099		65.672		65.672		44.502		44.502		57.457		57.457		22.648		22.648		24.675		24.675

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		685.225		115.652		115.652		97.378		97.378		132.956		132.956		148.923		148.923		72.726		72.726		130.212		130.212		42.049		42.049		64.636		64.636

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		1337.415		167.7		167.7		180.154		180.154		185.529		185.529		255.783		255.783		118.483		118.483		233.025		233.025		69.529		69.529		122.644		122.644

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		1743.773		190.738		190.738		212.005		212.005		160.124		160.124		279.693		279.693		145.153		145.153		289.682		289.682		81.317		81.317		140.904		140.904

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		2714.074		253.6		253.6		296.505		296.505		172.514		172.514		362.83		362.83		213.225		213.225		420.276		420.276		115.797		115.797		193.494		193.494

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		3997.288		317.485		317.485		384.271		384.271		262.104		262.104		484.689		484.689		318.068		318.068		562.815		562.815		158.204		158.204		262.675		262.675

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		4614.335		346.263		346.263		418.56		418.56		332.749		332.749		527.08		527.08		376.877		376.877		616.064		616.064		176.261		176.261		289.699		289.699

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		4442.292		407.237		407.237		486.788		486.788		304.599		304.599		552.105		552.105		504.36		504.36		528.293		528.293		156.497		156.497		289.299		289.299

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		4809.305		348.972		348.972		424.265		424.265		361.825		361.825		511.103		511.103		393.963		393.963		634.824		634.824		185.252		185.252		290.324		290.324

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		4988.725		361.984		361.984		430.104		430.104		364.161		364.161		533.608		533.608		420.378		420.378		647.491		647.491		187.804		187.804		294.664		294.664

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		4896.234		356.066		356.066		419.498		419.498		341.3		341.3		523.647		523.647		428.406		428.406		646.978		646.978		185.964		185.964		282.923		282.923

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		4924.706		357.894		357.894		416.779		416.779		346.818		346.818		516.506		516.506		429.32		429.32		643.07		643.07		187.022		187.022		279.707		279.707

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		4736.092		353.078		353.078		408.105		408.105		311.183		311.183		504.583		504.583		447.076		447.076		632.664		632.664		177.96		177.96		263.235		263.235

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		4264.827		300.671		300.671		353.044		353.044		285.977		285.977		427.831		427.831		374.359		374.359		559.462		559.462		162.38		162.38		228.946		228.946

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		4557.385		326.902		326.902		378.293		378.293		301.832		301.832		457.967		457.967		409.137		409.137		596.188		596.188		172.925		172.925		242.467		242.467

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		5068.635		365.993		365.993		419.007		419.007		335.071		335.071		508.866		508.866		449.904		449.904		665.428		665.428		192.987		192.987		266.89		266.89

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		5214.807		378.577		378.577		430.494		430.494		322.681		322.681		524.977		524.977		477.496		477.496		687.569		687.569		195.785		195.785		271.226		271.226

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		5255.212		377.733		377.733		432.965		432.965		320.176		320.176		520.869		520.869		475.27		475.27		698.976		698.976		196.568		196.568		269.48		269.48

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		5344.154		389.968		389.968		440.178		440.178		320.175		320.175		527.073		527.073		486.109		486.109		706.365		706.365		197.657		197.657		267.308		267.308

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		5321.751		385.131		385.131		439.944		439.944		302.886		302.886		523.146		523.146		494.714		494.714		716.081		716.081		196.329		196.329		261.554		261.554

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		5218.138		387.853		387.853		445.383		445.383		286.7		286.7		520.453		520.453		510.157		510.157		720.218		720.218		187.916		187.916		253.334		253.334
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3DI Merged Signature Means With 1 Std. Dev. Error Bars



mergechart

		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		437.654		59.815		59.815		45.517		45.517		100.223		100.223		51.098		51.098		52.662		52.662		44.102		44.102		18.386		18.386		18.309		18.309

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		446.846		62.545		62.545		48.213		48.213		84.766		84.766		52.18		52.18		52.986		52.986		42.531		42.531		21.658		21.658		18.603		18.603

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		458.356		57.288		57.288		49.846		49.846		61.303		61.303		52.093		52.093		57.154		57.154		44.101		44.101		20.491		20.491		19.343		19.343

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		457.309		58.882		58.882		47.788		47.788		58.17		58.17		47.423		47.423		51.599		51.599		39.79		39.79		21.609		21.609		18.08		18.08

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		444.607		56.799		56.799		46.281		46.281		34.374		34.374		45.526		45.526		45.678		45.678		38.069		38.069		21.321		21.321		18.843		18.843

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		450.598		51.129		51.129		48.303		48.303		29.004		29.004		44.069		44.069		49.501		49.501		38.342		38.342		20.498		20.498		19.179		19.179

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		450.711		57.176		57.176		47.071		47.071		34.087		34.087		48.71		48.71		48.988		48.988		39.812		39.812		23.294		23.294		20.753		20.753

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		486.058		71.027		71.027		46.029		46.029		43.645		43.645		61.323		61.323		48.032		48.032		49.043		49.043		26.785		26.785		25.565		25.565

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		573.409		73.189		73.189		58.597		58.597		49.664		49.664		81.53		81.53		54.986		54.986		64.424		64.424		31.052		31.052		36.333		36.333

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		634.363		80.519		80.519		69.209		69.209		58.677		58.677		98.134		98.134		60.209		60.209		73.498		73.498		32.676		32.676		44.221		44.221

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		659.056		86.841		86.841		76.974		76.974		65.837		65.837		108.043		108.043		62.529		62.529		81.759		81.759		32.546		32.546		49.68		49.68

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		647.98		84.743		84.743		77.969		77.969		74.37		74.37		111.695		111.695		62.219		62.219		81.538		81.538		32.632		32.632		50.081		50.081

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		573.302		80.082		80.082		69.728		69.728		71.865		71.865		103.357		103.357		58.414		58.414		73.822		73.822		27.894		27.894		44.106		44.106

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		498.305		81.783		81.783		60.546		60.546		64.764		64.764		91.989		91.989		53.599		53.599		66.235		66.235		26.129		26.129		37.412		37.412

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		455.658		75.077		75.077		55.629		55.629		65.072		65.072		85.67		85.67		50.404		50.404		60.924		60.924		23.686		23.686		33.041		33.041

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		452.606		76.861		76.861		55.497		55.497		72.148		72.148		87.21		87.21		52.655		52.655		63.996		63.996		24.331		24.331		33.4		33.4

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		430.688		72.72		72.72		53.531		53.531		74.813		74.813		85.064		85.064		52.395		52.395		60.138		60.138		23.591		23.591		31.033		31.033

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		394.478		68.34		68.34		48.192		48.192		72.728		72.728		77.01		77.01		48.629		48.629		56.767		56.767		22.326		22.326		27.611		27.611

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		376.93		68.074		68.074		46.413		46.413		71.958		71.958		74.575		74.575		47.66		47.66		54.353		54.353		21.331		21.331		26.42		26.42

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		367.176		70.052		70.052		46.921		46.921		72.548		72.548		73.747		73.747		48.399		48.399		53.906		53.906		22.166		22.166		25.967		25.967

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		330.33		61.065		61.065		41.321		41.321		69.29		69.29		63.705		63.705		45.513		45.513		48.117		48.117		19.894		19.894		23.023		23.023

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		309.388		57.638		57.638		36.086		36.086		65.152		65.152		56.742		56.742		39.554		39.554		44.357		44.357		18.048		18.048		21.745		21.745

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		286.673		53.034		53.034		38.184		38.184		63.908		63.908		52.827		52.827		42.07		42.07		41.858		41.858		17.352		17.352		20.706		20.706

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		288.499		55.072		55.072		38.261		38.261		66.006		66.006		52.144		52.144		42.451		42.451		43.04		43.04		17.592		17.592		21.305		21.305

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		337.805		72.269		72.269		40.868		40.868		72.099		72.099		65.672		65.672		44.502		44.502		57.457		57.457		22.648		22.648		24.675		24.675

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		685.225		115.652		115.652		97.378		97.378		132.956		132.956		148.923		148.923		72.726		72.726		130.212		130.212		42.049		42.049		64.636		64.636

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		1337.415		167.7		167.7		180.154		180.154		185.529		185.529		255.783		255.783		118.483		118.483		233.025		233.025		69.529		69.529		122.644		122.644

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		1743.773		190.738		190.738		212.005		212.005		160.124		160.124		279.693		279.693		145.153		145.153		289.682		289.682		81.317		81.317		140.904		140.904

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		2714.074		253.6		253.6		296.505		296.505		172.514		172.514		362.83		362.83		213.225		213.225		420.276		420.276		115.797		115.797		193.494		193.494

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		3997.288		317.485		317.485		384.271		384.271		262.104		262.104		484.689		484.689		318.068		318.068		562.815		562.815		158.204		158.204		262.675		262.675

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		4614.335		346.263		346.263		418.56		418.56		332.749		332.749		527.08		527.08		376.877		376.877		616.064		616.064		176.261		176.261		289.699		289.699

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		4442.292		407.237		407.237		486.788		486.788		304.599		304.599		552.105		552.105		504.36		504.36		528.293		528.293		156.497		156.497		289.299		289.299

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		4809.305		348.972		348.972		424.265		424.265		361.825		361.825		511.103		511.103		393.963		393.963		634.824		634.824		185.252		185.252		290.324		290.324

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		4988.725		361.984		361.984		430.104		430.104		364.161		364.161		533.608		533.608		420.378		420.378		647.491		647.491		187.804		187.804		294.664		294.664

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		4896.234		356.066		356.066		419.498		419.498		341.3		341.3		523.647		523.647		428.406		428.406		646.978		646.978		185.964		185.964		282.923		282.923

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		4924.706		357.894		357.894		416.779		416.779		346.818		346.818		516.506		516.506		429.32		429.32		643.07		643.07		187.022		187.022		279.707		279.707

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		4736.092		353.078		353.078		408.105		408.105		311.183		311.183		504.583		504.583		447.076		447.076		632.664		632.664		177.96		177.96		263.235		263.235

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		4264.827		300.671		300.671		353.044		353.044		285.977		285.977		427.831		427.831		374.359		374.359		559.462		559.462		162.38		162.38		228.946		228.946

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		4557.385		326.902		326.902		378.293		378.293		301.832		301.832		457.967		457.967		409.137		409.137		596.188		596.188		172.925		172.925		242.467		242.467

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		5068.635		365.993		365.993		419.007		419.007		335.071		335.071		508.866		508.866		449.904		449.904		665.428		665.428		192.987		192.987		266.89		266.89

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		5214.807		378.577		378.577		430.494		430.494		322.681		322.681		524.977		524.977		477.496		477.496		687.569		687.569		195.785		195.785		271.226		271.226

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		5255.212		377.733		377.733		432.965		432.965		320.176		320.176		520.869		520.869		475.27		475.27		698.976		698.976		196.568		196.568		269.48		269.48

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		5344.154		389.968		389.968		440.178		440.178		320.175		320.175		527.073		527.073		486.109		486.109		706.365		706.365		197.657		197.657		267.308		267.308

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		5321.751		385.131		385.131		439.944		439.944		302.886		302.886		523.146		523.146		494.714		494.714		716.081		716.081		196.329		196.329		261.554		261.554

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		5218.138		387.853		387.853		445.383		445.383		286.7		286.7		520.453		520.453		510.157		510.157		720.218		720.218		187.916		187.916		253.334		253.334
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		ash				bta				qa				rp				sm				wc				wp				ws				ro		Std. Dev.

		435.6		51.098		465.305		59.815		532.898		100.223		414.82		52.662		464.517		45.517		427.424		44.102		416.408		18.011		407.035		18.386		437.654		18.309

		443.771		52.18		480.421		62.545		532.802		84.766		417.797		52.986		455.92		48.213		442.721		42.531		426.107		18.069		418.921		21.658		446.846		18.603

		453.177		52.093		490.758		57.288		529.826		61.303		420.238		57.154		449.695		49.846		449.791		44.101		434.742		19.855		424.451		20.491		458.356		19.343

		448.783		47.423		473.702		58.882		506.642		58.17		410.194		51.599		436.404		47.788		448.739		39.79		431.536		19.14		425.324		21.609		457.309		18.08

		432.701		45.526		460.681		56.799		467.589		34.374		394.674		45.678		418.541		46.281		437.491		38.069		416.985		19.411		417.133		21.321		444.607		18.843

		444.217		44.069		462.762		51.129		462.94		29.004		395.583		49.501		419.605		48.303		441.817		38.342		421.938		21.911		416.575		20.498		450.598		19.179

		442.006		48.71		458.296		57.176		457.08		34.087		390.335		48.988		417.274		47.071		449.346		39.812		422.197		25.324		417.273		23.294		450.711		20.753

		465.42		61.323		475.4		71.027		468.043		43.645		404.266		48.032		439.551		46.029		481.403		49.043		452.712		32.244		440.432		26.785		486.058		25.565

		544.286		81.53		540.431		73.189		545.005		49.664		440.572		54.986		508.725		58.597		539.46		64.424		522.533		43.445		476.279		31.052		573.409		36.333

		591.614		98.134		575.805		80.519		577.83		58.677		456.408		60.209		552.648		69.209		571.245		73.498		562.584		50.625		488.156		32.676		634.363		44.221

		608.004		108.043		585.512		86.841		595.458		65.837		455.599		62.529		570.229		76.974		582.668		81.759		573.823		55.086		486.606		32.546		659.056		49.68

		602.247		111.695		570.023		84.743		578.294		74.37		440.943		62.219		561.325		77.969		571.358		81.538		564.83		55.314		470.873		32.632		647.98		50.081

		550.352		103.357		508.127		80.082		519.355		71.865		398.207		58.414		500.274		69.728		522.178		73.822		507.737		49.828		425.743		27.894		573.302		44.106

		487.64		91.989		445.363		81.783		457.242		64.764		358.126		53.599		439.026		60.546		472.807		66.235		447.317		42.828		384.384		26.129		498.305		37.412

		452.403		85.67		415.17		75.077		419.029		65.072		331.064		50.404		403.76		55.629		438.779		60.924		409.723		38.891		354.46		23.686		455.658		33.041

		451.491		87.21		417.903		76.861		422.558		72.148		328.541		52.655		400.117		55.497		439.674		63.996		403.717		37.863		351.003		24.331		452.606		33.4

		437.401		85.064		402.237		72.72		406.994		74.813		313.652		52.395		380.388		53.531		419.996		60.138		383.872		35.312		333.311		23.591		430.688		31.033

		400.605		77.01		376.978		68.34		378.637		72.728		289.832		48.629		347.64		48.192		391.63		56.767		348.818		31.376		307.93		22.326		394.478		27.611

		383.983		74.575		359.392		68.074		362.326		71.958		277.055		47.66		332.01		46.413		372.651		54.353		331.715		29.771		292.083		21.331		376.93		26.42

		373.77		73.747		345.827		70.052		352.878		72.548		268.288		48.399		320.388		46.921		361.222		53.906		317.185		28.913		282.565		22.166		367.176		25.967

		329.93		63.705		313.275		61.065		318.828		69.29		241.581		45.513		281.755		41.321		318.288		48.117		276.964		24.427		251.492		19.894		330.33		23.023

		298.819		56.742		289.34		57.638		298.965		65.152		222.924		39.554		256.633		36.086		294.457		44.357		254.821		21.909		231.327		18.048		309.388		21.745

		278.236		52.827		271.728		53.034		276.856		63.908		208.402		42.07		239.397		38.184		268.86		41.858		229.947		19.909		212.848		17.352		286.673		20.706

		279.935		52.144		271.705		55.072		277.16		66.006		205.646		42.451		239.898		38.261		267.447		43.04		226.058		19.984		208.508		17.592		288.499		21.305

		328.057		65.672		315.767		72.269		323.309		72.099		235.125		44.502		291.291		40.868		328.508		57.457		274.061		24.313		242.863		22.648		337.805		24.675

		651.511		148.923		616.049		115.652		627.4		132.956		404.384		72.726		615.293		97.378		595.683		130.212		535.781		50.005		414.06		42.049		685.225		64.636

		1141.32		255.783		1159.926		167.7		1117.19		185.529		686.586		118.483		1152.487		180.154		949.272		233.025		939.547		86.97		668.787		69.529		1337.415		122.644

		1345.728		279.693		1502.548		190.738		1360.36		160.124		867.66		145.153		1458.036		212.005		1079.772		289.682		1158.355		100.401		805.486		81.317		1743.773		140.904

		1844.291		362.83		2304.998		253.6		1975.893		172.514		1316.276		213.225		2169.363		296.505		1449.709		420.276		1676.038		137.689		1174.365		115.797		2714.074		193.494

		2541.045		484.689		3343.854		317.485		2783.149		262.104		1908.244		318.068		3139.049		384.271		1897.742		562.815		2328.39		182.963		1639.648		158.204		3997.288		262.675

		2834.443		527.08		3818.586		346.263		3134.396		332.749		2189.999		376.877		3623.978		418.56		2052.886		616.064		2595.27		195.524		1839.308		176.261		4614.335		289.699

		3090.055		552.105		3692.373		407.237		3037.334		304.599		2127.898		504.36		3580.168		486.788		1891.385		528.293		2554.924		185.49		1653.698		156.497		4442.292		289.299

		2856.401		511.103		3967.977		348.972		3237.561		361.825		2296.105		393.963		3804.661		424.265		2094.542		634.824		2652.36		186.018		1914.959		185.252		4809.305		290.324

		3038.614		533.608		4136.049		361.984		3369.755		364.161		2384.323		420.378		3968.899		430.104		2160.684		647.491		2752.781		185.454		1969.473		187.804		4988.725		294.664

		3021.221		523.647		4113.112		356.066		3340.331		341.3		2357.91		428.406		3928.724		419.498		2133.516		646.978		2709.683		178.206		1934.721		185.964		4896.234		282.923

		3035.636		516.506		4113.058		357.894		3349.763		346.818		2379.536		429.32		3959.498		416.779		2143.92		643.07		2726.736		174.621		1951.168		187.022		4924.706		279.707

		3022.146		504.583		4049.361		353.078		3280.742		311.183		2302.56		447.076		3845.917		408.105		2081.334		632.664		2628.095		164.201		1873.771		177.96		4736.092		263.235

		2644.881		427.831		3576.234		300.671		2922.254		285.977		2084.73		374.359		3467.154		353.044		1876.662		559.462		2377.982		144.465		1706.349		162.38		4264.827		228.946

		2855.147		457.967		3847.462		326.902		3139.73		301.832		2235.627		409.137		3722.98		378.293		2008.787		596.188		2540.155		152.821		1818.397		172.925		4557.385		242.467

		3174.779		508.866		4300.575		365.993		3501.074		335.071		2486.518		449.904		4129.564		419.007		2249.946		665.428		2813.192		167.745		2037.124		192.987		5068.635		266.89

		3318.887		524.977		4505.204		378.577		3648.19		322.681		2571.115		477.496		4266.456		430.494		2332.916		687.569		2899.837		172.807		2100.194		195.785		5214.807		271.226

		3341.222		520.869		4559.247		377.733		3683.297		320.176		2600.648		475.27		4310.778		432.965		2371.303		698.976		2915.376		174.176		2131.089		196.568		5255.212		269.48

		3415.737		527.073		4646.341		389.968		3749.266		320.175		2661.446		486.109		4402.209		440.178		2426.07		706.365		2979.229		176.171		2177.06		197.657		5344.154		267.308

		3447.214		523.146		4697.861		385.131		3781.54		302.886		2671.334		494.714		4411.253		439.944		2444.843		716.081		2974.604		176.719		2183.914		196.329		5321.751		261.554

		3449.489		520.453		4692.738		387.853		3747.154		286.7		2642.188		510.157		4380.631		445.383		2437.688		720.218		2929.147		174.06		2154.651		187.916		5218.138		253.334
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Chart1

		465.305		532.898		414.82		464.517		427.424		416.408		407.035		50

		480.421		532.802		417.797		455.92		442.721		426.107		418.921		40
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pcandvichart

		pca		pca		pca		pca		pca		pca		pca		pca		1425.429		1425.429		1654.041		1654.041		1231.684		1231.684		2082.122		2082.122		677.563		677.563		1800.533		1800.533		2597.7		2597.7		738.63		738.63

		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		1365.089		1365.089		2029.67		2029.67		2451.589		2451.589		1343.19		1343.19		786.38		786.38		1525.878		1525.878		1670.435		1670.435		752.972		752.972
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12772.761

17007.801

13923.191

9764.103

16163.296

9147.647

11197.633

8045.527

53511.81

56730.907

54746.168

58211.485

58759.419

50631.231

57246.623

56175.781



pcandvi

				ash								bta								qa								rp								sm								wc								wp								ws

		pca		12772.761		2082.122		10690.639		14854.883		17007.801		1425.429		15582.372		18433.23		13923.191		1231.684		12691.507		15154.875		9764.103		1800.533		7963.57		11564.636		16163.296		1654.041		14509.255		17817.337		9147.647		2597.7		6549.947		11745.347		11197.633		677.563		10520.07		11875.196		8045.527		738.63		7306.897		8784.157

		ndvi		53511.81		1343.19		52168.62		54855		56730.907		1365.089		55365.818		58095.996		54746.168		2451.589		52294.579		57197.757		58211.485		1525.878		56685.607		59737.363		58759.419		2029.67		56729.749		60789.089		50631.231		1670.435		48960.796		52301.666		57246.623		786.38		56460.243		58033.003		56175.781		752.972		55422.809		56928.753





mergechart

		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		59.815		59.815		45.517		45.517		100.223		100.223		51.098		51.098		52.662		52.662		44.102		44.102		18.386		18.386

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		62.545		62.545		48.213		48.213		84.766		84.766		52.18		52.18		52.986		52.986		42.531		42.531		21.658		21.658

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		57.288		57.288		49.846		49.846		61.303		61.303		52.093		52.093		57.154		57.154		44.101		44.101		20.491		20.491

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		58.882		58.882		47.788		47.788		58.17		58.17		47.423		47.423		51.599		51.599		39.79		39.79		21.609		21.609

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		56.799		56.799		46.281		46.281		34.374		34.374		45.526		45.526		45.678		45.678		38.069		38.069		21.321		21.321

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		51.129		51.129		48.303		48.303		29.004		29.004		44.069		44.069		49.501		49.501		38.342		38.342		20.498		20.498

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		57.176		57.176		47.071		47.071		34.087		34.087		48.71		48.71		48.988		48.988		39.812		39.812		23.294		23.294

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		71.027		71.027		46.029		46.029		43.645		43.645		61.323		61.323		48.032		48.032		49.043		49.043		26.785		26.785

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		73.189		73.189		58.597		58.597		49.664		49.664		81.53		81.53		54.986		54.986		64.424		64.424		31.052		31.052

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		80.519		80.519		69.209		69.209		58.677		58.677		98.134		98.134		60.209		60.209		73.498		73.498		32.676		32.676

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		86.841		86.841		76.974		76.974		65.837		65.837		108.043		108.043		62.529		62.529		81.759		81.759		32.546		32.546

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		84.743		84.743		77.969		77.969		74.37		74.37		111.695		111.695		62.219		62.219		81.538		81.538		32.632		32.632

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		80.082		80.082		69.728		69.728		71.865		71.865		103.357		103.357		58.414		58.414		73.822		73.822		27.894		27.894

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		81.783		81.783		60.546		60.546		64.764		64.764		91.989		91.989		53.599		53.599		66.235		66.235		26.129		26.129

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		75.077		75.077		55.629		55.629		65.072		65.072		85.67		85.67		50.404		50.404		60.924		60.924		23.686		23.686

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		76.861		76.861		55.497		55.497		72.148		72.148		87.21		87.21		52.655		52.655		63.996		63.996		24.331		24.331

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		72.72		72.72		53.531		53.531		74.813		74.813		85.064		85.064		52.395		52.395		60.138		60.138		23.591		23.591

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		68.34		68.34		48.192		48.192		72.728		72.728		77.01		77.01		48.629		48.629		56.767		56.767		22.326		22.326

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		68.074		68.074		46.413		46.413		71.958		71.958		74.575		74.575		47.66		47.66		54.353		54.353		21.331		21.331

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		70.052		70.052		46.921		46.921		72.548		72.548		73.747		73.747		48.399		48.399		53.906		53.906		22.166		22.166

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		61.065		61.065		41.321		41.321		69.29		69.29		63.705		63.705		45.513		45.513		48.117		48.117		19.894		19.894

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		57.638		57.638		36.086		36.086		65.152		65.152		56.742		56.742		39.554		39.554		44.357		44.357		18.048		18.048

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		53.034		53.034		38.184		38.184		63.908		63.908		52.827		52.827		42.07		42.07		41.858		41.858		17.352		17.352

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		55.072		55.072		38.261		38.261		66.006		66.006		52.144		52.144		42.451		42.451		43.04		43.04		17.592		17.592

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		72.269		72.269		40.868		40.868		72.099		72.099		65.672		65.672		44.502		44.502		57.457		57.457		22.648		22.648

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		115.652		115.652		97.378		97.378		132.956		132.956		148.923		148.923		72.726		72.726		130.212		130.212		42.049		42.049

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		167.7		167.7		180.154		180.154		185.529		185.529		255.783		255.783		118.483		118.483		233.025		233.025		69.529		69.529

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		190.738		190.738		212.005		212.005		160.124		160.124		279.693		279.693		145.153		145.153		289.682		289.682		81.317		81.317

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		253.6		253.6		296.505		296.505		172.514		172.514		362.83		362.83		213.225		213.225		420.276		420.276		115.797		115.797

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		317.485		317.485		384.271		384.271		262.104		262.104		484.689		484.689		318.068		318.068		562.815		562.815		158.204		158.204

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		346.263		346.263		418.56		418.56		332.749		332.749		527.08		527.08		376.877		376.877		616.064		616.064		176.261		176.261

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		407.237		407.237		486.788		486.788		304.599		304.599		552.105		552.105		504.36		504.36		528.293		528.293		156.497		156.497

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		348.972		348.972		424.265		424.265		361.825		361.825		511.103		511.103		393.963		393.963		634.824		634.824		185.252		185.252

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		361.984		361.984		430.104		430.104		364.161		364.161		533.608		533.608		420.378		420.378		647.491		647.491		187.804		187.804

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		356.066		356.066		419.498		419.498		341.3		341.3		523.647		523.647		428.406		428.406		646.978		646.978		185.964		185.964

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		357.894		357.894		416.779		416.779		346.818		346.818		516.506		516.506		429.32		429.32		643.07		643.07		187.022		187.022

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		353.078		353.078		408.105		408.105		311.183		311.183		504.583		504.583		447.076		447.076		632.664		632.664		177.96		177.96

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		300.671		300.671		353.044		353.044		285.977		285.977		427.831		427.831		374.359		374.359		559.462		559.462		162.38		162.38

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		326.902		326.902		378.293		378.293		301.832		301.832		457.967		457.967		409.137		409.137		596.188		596.188		172.925		172.925

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		365.993		365.993		419.007		419.007		335.071		335.071		508.866		508.866		449.904		449.904		665.428		665.428		192.987		192.987

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		378.577		378.577		430.494		430.494		322.681		322.681		524.977		524.977		477.496		477.496		687.569		687.569		195.785		195.785

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		377.733		377.733		432.965		432.965		320.176		320.176		520.869		520.869		475.27		475.27		698.976		698.976		196.568		196.568

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		389.968		389.968		440.178		440.178		320.175		320.175		527.073		527.073		486.109		486.109		706.365		706.365		197.657		197.657

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		385.131		385.131		439.944		439.944		302.886		302.886		523.146		523.146		494.714		494.714		716.081		716.081		196.329		196.329

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		387.853		387.853		445.383		445.383		286.7		286.7		520.453		520.453		510.157		510.157		720.218		720.218		187.916		187.916
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merge

		ash				bta				qa				rp				sm				wc				wp				ws				ro

		435.6		51.098		465.305		59.815		532.898		100.223		414.82		52.662		464.517		45.517		427.424		44.102		416.408		18.011		407.035		18.386		50

		443.771		52.18		480.421		62.545		532.802		84.766		417.797		52.986		455.92		48.213		442.721		42.531		426.107		18.069		418.921		21.658		40

		453.177		52.093		490.758		57.288		529.826		61.303		420.238		57.154		449.695		49.846		449.791		44.101		434.742		19.855		424.451		20.491

		448.783		47.423		473.702		58.882		506.642		58.17		410.194		51.599		436.404		47.788		448.739		39.79		431.536		19.14		425.324		21.609

		432.701		45.526		460.681		56.799		467.589		34.374		394.674		45.678		418.541		46.281		437.491		38.069		416.985		19.411		417.133		21.321

		444.217		44.069		462.762		51.129		462.94		29.004		395.583		49.501		419.605		48.303		441.817		38.342		421.938		21.911		416.575		20.498

		442.006		48.71		458.296		57.176		457.08		34.087		390.335		48.988		417.274		47.071		449.346		39.812		422.197		25.324		417.273		23.294

		465.42		61.323		475.4		71.027		468.043		43.645		404.266		48.032		439.551		46.029		481.403		49.043		452.712		32.244		440.432		26.785

		544.286		81.53		540.431		73.189		545.005		49.664		440.572		54.986		508.725		58.597		539.46		64.424		522.533		43.445		476.279		31.052

		591.614		98.134		575.805		80.519		577.83		58.677		456.408		60.209		552.648		69.209		571.245		73.498		562.584		50.625		488.156		32.676

		608.004		108.043		585.512		86.841		595.458		65.837		455.599		62.529		570.229		76.974		582.668		81.759		573.823		55.086		486.606		32.546

		602.247		111.695		570.023		84.743		578.294		74.37		440.943		62.219		561.325		77.969		571.358		81.538		564.83		55.314		470.873		32.632

		550.352		103.357		508.127		80.082		519.355		71.865		398.207		58.414		500.274		69.728		522.178		73.822		507.737		49.828		425.743		27.894

		487.64		91.989		445.363		81.783		457.242		64.764		358.126		53.599		439.026		60.546		472.807		66.235		447.317		42.828		384.384		26.129

		452.403		85.67		415.17		75.077		419.029		65.072		331.064		50.404		403.76		55.629		438.779		60.924		409.723		38.891		354.46		23.686

		451.491		87.21		417.903		76.861		422.558		72.148		328.541		52.655		400.117		55.497		439.674		63.996		403.717		37.863		351.003		24.331

		437.401		85.064		402.237		72.72		406.994		74.813		313.652		52.395		380.388		53.531		419.996		60.138		383.872		35.312		333.311		23.591

		400.605		77.01		376.978		68.34		378.637		72.728		289.832		48.629		347.64		48.192		391.63		56.767		348.818		31.376		307.93		22.326

		383.983		74.575		359.392		68.074		362.326		71.958		277.055		47.66		332.01		46.413		372.651		54.353		331.715		29.771		292.083		21.331

		373.77		73.747		345.827		70.052		352.878		72.548		268.288		48.399		320.388		46.921		361.222		53.906		317.185		28.913		282.565		22.166

		329.93		63.705		313.275		61.065		318.828		69.29		241.581		45.513		281.755		41.321		318.288		48.117		276.964		24.427		251.492		19.894

		298.819		56.742		289.34		57.638		298.965		65.152		222.924		39.554		256.633		36.086		294.457		44.357		254.821		21.909		231.327		18.048

		278.236		52.827		271.728		53.034		276.856		63.908		208.402		42.07		239.397		38.184		268.86		41.858		229.947		19.909		212.848		17.352

		279.935		52.144		271.705		55.072		277.16		66.006		205.646		42.451		239.898		38.261		267.447		43.04		226.058		19.984		208.508		17.592

		328.057		65.672		315.767		72.269		323.309		72.099		235.125		44.502		291.291		40.868		328.508		57.457		274.061		24.313		242.863		22.648

		651.511		148.923		616.049		115.652		627.4		132.956		404.384		72.726		615.293		97.378		595.683		130.212		535.781		50.005		414.06		42.049

		1141.32		255.783		1159.926		167.7		1117.19		185.529		686.586		118.483		1152.487		180.154		949.272		233.025		939.547		86.97		668.787		69.529

		1345.728		279.693		1502.548		190.738		1360.36		160.124		867.66		145.153		1458.036		212.005		1079.772		289.682		1158.355		100.401		805.486		81.317

		1844.291		362.83		2304.998		253.6		1975.893		172.514		1316.276		213.225		2169.363		296.505		1449.709		420.276		1676.038		137.689		1174.365		115.797

		2541.045		484.689		3343.854		317.485		2783.149		262.104		1908.244		318.068		3139.049		384.271		1897.742		562.815		2328.39		182.963		1639.648		158.204

		2834.443		527.08		3818.586		346.263		3134.396		332.749		2189.999		376.877		3623.978		418.56		2052.886		616.064		2595.27		195.524		1839.308		176.261

		3090.055		552.105		3692.373		407.237		3037.334		304.599		2127.898		504.36		3580.168		486.788		1891.385		528.293		2554.924		185.49		1653.698		156.497

		2856.401		511.103		3967.977		348.972		3237.561		361.825		2296.105		393.963		3804.661		424.265		2094.542		634.824		2652.36		186.018		1914.959		185.252

		3038.614		533.608		4136.049		361.984		3369.755		364.161		2384.323		420.378		3968.899		430.104		2160.684		647.491		2752.781		185.454		1969.473		187.804

		3021.221		523.647		4113.112		356.066		3340.331		341.3		2357.91		428.406		3928.724		419.498		2133.516		646.978		2709.683		178.206		1934.721		185.964

		3035.636		516.506		4113.058		357.894		3349.763		346.818		2379.536		429.32		3959.498		416.779		2143.92		643.07		2726.736		174.621		1951.168		187.022

		3022.146		504.583		4049.361		353.078		3280.742		311.183		2302.56		447.076		3845.917		408.105		2081.334		632.664		2628.095		164.201		1873.771		177.96

		2644.881		427.831		3576.234		300.671		2922.254		285.977		2084.73		374.359		3467.154		353.044		1876.662		559.462		2377.982		144.465		1706.349		162.38

		2855.147		457.967		3847.462		326.902		3139.73		301.832		2235.627		409.137		3722.98		378.293		2008.787		596.188		2540.155		152.821		1818.397		172.925

		3174.779		508.866		4300.575		365.993		3501.074		335.071		2486.518		449.904		4129.564		419.007		2249.946		665.428		2813.192		167.745		2037.124		192.987

		3318.887		524.977		4505.204		378.577		3648.19		322.681		2571.115		477.496		4266.456		430.494		2332.916		687.569		2899.837		172.807		2100.194		195.785

		3341.222		520.869		4559.247		377.733		3683.297		320.176		2600.648		475.27		4310.778		432.965		2371.303		698.976		2915.376		174.176		2131.089		196.568

		3415.737		527.073		4646.341		389.968		3749.266		320.175		2661.446		486.109		4402.209		440.178		2426.07		706.365		2979.229		176.171		2177.06		197.657

		3447.214		523.146		4697.861		385.131		3781.54		302.886		2671.334		494.714		4411.253		439.944		2444.843		716.081		2974.604		176.719		2183.914		196.329

		3449.489		520.453		4692.738		387.853		3747.154		286.7		2642.188		510.157		4380.631		445.383		2437.688		720.218		2929.147		174.06		2154.651		187.916
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		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		437.654		59.815		59.815		45.517		45.517		100.223		100.223		51.098		51.098		52.662		52.662		44.102		44.102		18.386		18.386		18.309		18.309

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		446.846		62.545		62.545		48.213		48.213		84.766		84.766		52.18		52.18		52.986		52.986		42.531		42.531		21.658		21.658		18.603		18.603

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		458.356		57.288		57.288		49.846		49.846		61.303		61.303		52.093		52.093		57.154		57.154		44.101		44.101		20.491		20.491		19.343		19.343

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		457.309		58.882		58.882		47.788		47.788		58.17		58.17		47.423		47.423		51.599		51.599		39.79		39.79		21.609		21.609		18.08		18.08

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		444.607		56.799		56.799		46.281		46.281		34.374		34.374		45.526		45.526		45.678		45.678		38.069		38.069		21.321		21.321		18.843		18.843

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		450.598		51.129		51.129		48.303		48.303		29.004		29.004		44.069		44.069		49.501		49.501		38.342		38.342		20.498		20.498		19.179		19.179

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		450.711		57.176		57.176		47.071		47.071		34.087		34.087		48.71		48.71		48.988		48.988		39.812		39.812		23.294		23.294		20.753		20.753

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		486.058		71.027		71.027		46.029		46.029		43.645		43.645		61.323		61.323		48.032		48.032		49.043		49.043		26.785		26.785		25.565		25.565

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		573.409		73.189		73.189		58.597		58.597		49.664		49.664		81.53		81.53		54.986		54.986		64.424		64.424		31.052		31.052		36.333		36.333

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		634.363		80.519		80.519		69.209		69.209		58.677		58.677		98.134		98.134		60.209		60.209		73.498		73.498		32.676		32.676		44.221		44.221

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		659.056		86.841		86.841		76.974		76.974		65.837		65.837		108.043		108.043		62.529		62.529		81.759		81.759		32.546		32.546		49.68		49.68

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		647.98		84.743		84.743		77.969		77.969		74.37		74.37		111.695		111.695		62.219		62.219		81.538		81.538		32.632		32.632		50.081		50.081

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		573.302		80.082		80.082		69.728		69.728		71.865		71.865		103.357		103.357		58.414		58.414		73.822		73.822		27.894		27.894		44.106		44.106

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		498.305		81.783		81.783		60.546		60.546		64.764		64.764		91.989		91.989		53.599		53.599		66.235		66.235		26.129		26.129		37.412		37.412

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		455.658		75.077		75.077		55.629		55.629		65.072		65.072		85.67		85.67		50.404		50.404		60.924		60.924		23.686		23.686		33.041		33.041

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		452.606		76.861		76.861		55.497		55.497		72.148		72.148		87.21		87.21		52.655		52.655		63.996		63.996		24.331		24.331		33.4		33.4

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		430.688		72.72		72.72		53.531		53.531		74.813		74.813		85.064		85.064		52.395		52.395		60.138		60.138		23.591		23.591		31.033		31.033

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		394.478		68.34		68.34		48.192		48.192		72.728		72.728		77.01		77.01		48.629		48.629		56.767		56.767		22.326		22.326		27.611		27.611

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		376.93		68.074		68.074		46.413		46.413		71.958		71.958		74.575		74.575		47.66		47.66		54.353		54.353		21.331		21.331		26.42		26.42

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		367.176		70.052		70.052		46.921		46.921		72.548		72.548		73.747		73.747		48.399		48.399		53.906		53.906		22.166		22.166		25.967		25.967

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		330.33		61.065		61.065		41.321		41.321		69.29		69.29		63.705		63.705		45.513		45.513		48.117		48.117		19.894		19.894		23.023		23.023

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		309.388		57.638		57.638		36.086		36.086		65.152		65.152		56.742		56.742		39.554		39.554		44.357		44.357		18.048		18.048		21.745		21.745

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		286.673		53.034		53.034		38.184		38.184		63.908		63.908		52.827		52.827		42.07		42.07		41.858		41.858		17.352		17.352		20.706		20.706

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		288.499		55.072		55.072		38.261		38.261		66.006		66.006		52.144		52.144		42.451		42.451		43.04		43.04		17.592		17.592		21.305		21.305

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		337.805		72.269		72.269		40.868		40.868		72.099		72.099		65.672		65.672		44.502		44.502		57.457		57.457		22.648		22.648		24.675		24.675

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		685.225		115.652		115.652		97.378		97.378		132.956		132.956		148.923		148.923		72.726		72.726		130.212		130.212		42.049		42.049		64.636		64.636

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		1337.415		167.7		167.7		180.154		180.154		185.529		185.529		255.783		255.783		118.483		118.483		233.025		233.025		69.529		69.529		122.644		122.644

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		1743.773		190.738		190.738		212.005		212.005		160.124		160.124		279.693		279.693		145.153		145.153		289.682		289.682		81.317		81.317		140.904		140.904

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		2714.074		253.6		253.6		296.505		296.505		172.514		172.514		362.83		362.83		213.225		213.225		420.276		420.276		115.797		115.797		193.494		193.494

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		3997.288		317.485		317.485		384.271		384.271		262.104		262.104		484.689		484.689		318.068		318.068		562.815		562.815		158.204		158.204		262.675		262.675

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		4614.335		346.263		346.263		418.56		418.56		332.749		332.749		527.08		527.08		376.877		376.877		616.064		616.064		176.261		176.261		289.699		289.699

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		4442.292		407.237		407.237		486.788		486.788		304.599		304.599		552.105		552.105		504.36		504.36		528.293		528.293		156.497		156.497		289.299		289.299

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		4809.305		348.972		348.972		424.265		424.265		361.825		361.825		511.103		511.103		393.963		393.963		634.824		634.824		185.252		185.252		290.324		290.324

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		4988.725		361.984		361.984		430.104		430.104		364.161		364.161		533.608		533.608		420.378		420.378		647.491		647.491		187.804		187.804		294.664		294.664

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		4896.234		356.066		356.066		419.498		419.498		341.3		341.3		523.647		523.647		428.406		428.406		646.978		646.978		185.964		185.964		282.923		282.923

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		4924.706		357.894		357.894		416.779		416.779		346.818		346.818		516.506		516.506		429.32		429.32		643.07		643.07		187.022		187.022		279.707		279.707

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		4736.092		353.078		353.078		408.105		408.105		311.183		311.183		504.583		504.583		447.076		447.076		632.664		632.664		177.96		177.96		263.235		263.235

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		4264.827		300.671		300.671		353.044		353.044		285.977		285.977		427.831		427.831		374.359		374.359		559.462		559.462		162.38		162.38		228.946		228.946

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		4557.385		326.902		326.902		378.293		378.293		301.832		301.832		457.967		457.967		409.137		409.137		596.188		596.188		172.925		172.925		242.467		242.467

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		5068.635		365.993		365.993		419.007		419.007		335.071		335.071		508.866		508.866		449.904		449.904		665.428		665.428		192.987		192.987		266.89		266.89

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		5214.807		378.577		378.577		430.494		430.494		322.681		322.681		524.977		524.977		477.496		477.496		687.569		687.569		195.785		195.785		271.226		271.226

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		5255.212		377.733		377.733		432.965		432.965		320.176		320.176		520.869		520.869		475.27		475.27		698.976		698.976		196.568		196.568		269.48		269.48

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		5344.154		389.968		389.968		440.178		440.178		320.175		320.175		527.073		527.073		486.109		486.109		706.365		706.365		197.657		197.657		267.308		267.308

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		5321.751		385.131		385.131		439.944		439.944		302.886		302.886		523.146		523.146		494.714		494.714		716.081		716.081		196.329		196.329		261.554		261.554

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		5218.138		387.853		387.853		445.383		445.383		286.7		286.7		520.453		520.453		510.157		510.157		720.218		720.218		187.916		187.916		253.334		253.334



ash

bta

qa

rp

sm

wc

wp

ws

ro

Band

Dn Values

3DI Merged Signature Means With 1 Std. Dev. Error Bars



pcandvichart

		pca		pca		pca		pca		pca		pca		pca		pca		1425.429		1425.429		1654.041		1654.041		1231.684		1231.684		2082.122		2082.122		677.563		677.563		1800.533		1800.533		2597.7		2597.7		738.63		738.63

		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		ndvi		1365.089		1365.089		2029.67		2029.67		2451.589		2451.589		1343.19		1343.19		786.38		786.38		1525.878		1525.878		1670.435		1670.435		752.972		752.972



ash

bta

qa

rp

sm

wc

wp

ws

12772.761

17007.801

13923.191

9764.103

16163.296

9147.647

11197.633

8045.527

53511.81

56730.907

54746.168

58211.485

58759.419

50631.231

57246.623

56175.781



pcandvi

				ash								bta								qa								rp								sm								wc								wp								ws

		pca		12772.761		2082.122		10690.639		14854.883		17007.801		1425.429		15582.372		18433.23		13923.191		1231.684		12691.507		15154.875		9764.103		1800.533		7963.57		11564.636		16163.296		1654.041		14509.255		17817.337		9147.647		2597.7		6549.947		11745.347		11197.633		677.563		10520.07		11875.196		8045.527		738.63		7306.897		8784.157

		ndvi		53511.81		1343.19		52168.62		54855		56730.907		1365.089		55365.818		58095.996		54746.168		2451.589		52294.579		57197.757		58211.485		1525.878		56685.607		59737.363		58759.419		2029.67		56729.749		60789.089		50631.231		1670.435		48960.796		52301.666		57246.623		786.38		56460.243		58033.003		56175.781		752.972		55422.809		56928.753





pcandvi

		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		437.654		59.815		59.815		45.517		45.517		100.223		100.223		51.098		51.098		52.662		52.662		44.102		44.102		18.386		18.386		18.309		18.309

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		446.846		62.545		62.545		48.213		48.213		84.766		84.766		52.18		52.18		52.986		52.986		42.531		42.531		21.658		21.658		18.603		18.603

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		458.356		57.288		57.288		49.846		49.846		61.303		61.303		52.093		52.093		57.154		57.154		44.101		44.101		20.491		20.491		19.343		19.343

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		457.309		58.882		58.882		47.788		47.788		58.17		58.17		47.423		47.423		51.599		51.599		39.79		39.79		21.609		21.609		18.08		18.08

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		444.607		56.799		56.799		46.281		46.281		34.374		34.374		45.526		45.526		45.678		45.678		38.069		38.069		21.321		21.321		18.843		18.843

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		450.598		51.129		51.129		48.303		48.303		29.004		29.004		44.069		44.069		49.501		49.501		38.342		38.342		20.498		20.498		19.179		19.179

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		450.711		57.176		57.176		47.071		47.071		34.087		34.087		48.71		48.71		48.988		48.988		39.812		39.812		23.294		23.294		20.753		20.753

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		486.058		71.027		71.027		46.029		46.029		43.645		43.645		61.323		61.323		48.032		48.032		49.043		49.043		26.785		26.785		25.565		25.565

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		573.409		73.189		73.189		58.597		58.597		49.664		49.664		81.53		81.53		54.986		54.986		64.424		64.424		31.052		31.052		36.333		36.333

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		634.363		80.519		80.519		69.209		69.209		58.677		58.677		98.134		98.134		60.209		60.209		73.498		73.498		32.676		32.676		44.221		44.221

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		659.056		86.841		86.841		76.974		76.974		65.837		65.837		108.043		108.043		62.529		62.529		81.759		81.759		32.546		32.546		49.68		49.68

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		647.98		84.743		84.743		77.969		77.969		74.37		74.37		111.695		111.695		62.219		62.219		81.538		81.538		32.632		32.632		50.081		50.081

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		573.302		80.082		80.082		69.728		69.728		71.865		71.865		103.357		103.357		58.414		58.414		73.822		73.822		27.894		27.894		44.106		44.106

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		498.305		81.783		81.783		60.546		60.546		64.764		64.764		91.989		91.989		53.599		53.599		66.235		66.235		26.129		26.129		37.412		37.412

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		455.658		75.077		75.077		55.629		55.629		65.072		65.072		85.67		85.67		50.404		50.404		60.924		60.924		23.686		23.686		33.041		33.041

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		452.606		76.861		76.861		55.497		55.497		72.148		72.148		87.21		87.21		52.655		52.655		63.996		63.996		24.331		24.331		33.4		33.4

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		430.688		72.72		72.72		53.531		53.531		74.813		74.813		85.064		85.064		52.395		52.395		60.138		60.138		23.591		23.591		31.033		31.033

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		394.478		68.34		68.34		48.192		48.192		72.728		72.728		77.01		77.01		48.629		48.629		56.767		56.767		22.326		22.326		27.611		27.611

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		376.93		68.074		68.074		46.413		46.413		71.958		71.958		74.575		74.575		47.66		47.66		54.353		54.353		21.331		21.331		26.42		26.42

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		367.176		70.052		70.052		46.921		46.921		72.548		72.548		73.747		73.747		48.399		48.399		53.906		53.906		22.166		22.166		25.967		25.967

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		330.33		61.065		61.065		41.321		41.321		69.29		69.29		63.705		63.705		45.513		45.513		48.117		48.117		19.894		19.894		23.023		23.023

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		309.388		57.638		57.638		36.086		36.086		65.152		65.152		56.742		56.742		39.554		39.554		44.357		44.357		18.048		18.048		21.745		21.745

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		286.673		53.034		53.034		38.184		38.184		63.908		63.908		52.827		52.827		42.07		42.07		41.858		41.858		17.352		17.352		20.706		20.706

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		288.499		55.072		55.072		38.261		38.261		66.006		66.006		52.144		52.144		42.451		42.451		43.04		43.04		17.592		17.592		21.305		21.305

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		337.805		72.269		72.269		40.868		40.868		72.099		72.099		65.672		65.672		44.502		44.502		57.457		57.457		22.648		22.648		24.675		24.675

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		685.225		115.652		115.652		97.378		97.378		132.956		132.956		148.923		148.923		72.726		72.726		130.212		130.212		42.049		42.049		64.636		64.636

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		1337.415		167.7		167.7		180.154		180.154		185.529		185.529		255.783		255.783		118.483		118.483		233.025		233.025		69.529		69.529		122.644		122.644

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		1743.773		190.738		190.738		212.005		212.005		160.124		160.124		279.693		279.693		145.153		145.153		289.682		289.682		81.317		81.317		140.904		140.904

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		2714.074		253.6		253.6		296.505		296.505		172.514		172.514		362.83		362.83		213.225		213.225		420.276		420.276		115.797		115.797		193.494		193.494

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		3997.288		317.485		317.485		384.271		384.271		262.104		262.104		484.689		484.689		318.068		318.068		562.815		562.815		158.204		158.204		262.675		262.675

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		4614.335		346.263		346.263		418.56		418.56		332.749		332.749		527.08		527.08		376.877		376.877		616.064		616.064		176.261		176.261		289.699		289.699

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		4442.292		407.237		407.237		486.788		486.788		304.599		304.599		552.105		552.105		504.36		504.36		528.293		528.293		156.497		156.497		289.299		289.299

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		4809.305		348.972		348.972		424.265		424.265		361.825		361.825		511.103		511.103		393.963		393.963		634.824		634.824		185.252		185.252		290.324		290.324

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		4988.725		361.984		361.984		430.104		430.104		364.161		364.161		533.608		533.608		420.378		420.378		647.491		647.491		187.804		187.804		294.664		294.664

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		4896.234		356.066		356.066		419.498		419.498		341.3		341.3		523.647		523.647		428.406		428.406		646.978		646.978		185.964		185.964		282.923		282.923

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		4924.706		357.894		357.894		416.779		416.779		346.818		346.818		516.506		516.506		429.32		429.32		643.07		643.07		187.022		187.022		279.707		279.707

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		4736.092		353.078		353.078		408.105		408.105		311.183		311.183		504.583		504.583		447.076		447.076		632.664		632.664		177.96		177.96		263.235		263.235

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		4264.827		300.671		300.671		353.044		353.044		285.977		285.977		427.831		427.831		374.359		374.359		559.462		559.462		162.38		162.38		228.946		228.946

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		4557.385		326.902		326.902		378.293		378.293		301.832		301.832		457.967		457.967		409.137		409.137		596.188		596.188		172.925		172.925		242.467		242.467

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		5068.635		365.993		365.993		419.007		419.007		335.071		335.071		508.866		508.866		449.904		449.904		665.428		665.428		192.987		192.987		266.89		266.89

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		5214.807		378.577		378.577		430.494		430.494		322.681		322.681		524.977		524.977		477.496		477.496		687.569		687.569		195.785		195.785		271.226		271.226

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		5255.212		377.733		377.733		432.965		432.965		320.176		320.176		520.869		520.869		475.27		475.27		698.976		698.976		196.568		196.568		269.48		269.48

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		5344.154		389.968		389.968		440.178		440.178		320.175		320.175		527.073		527.073		486.109		486.109		706.365		706.365		197.657		197.657		267.308		267.308

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		5321.751		385.131		385.131		439.944		439.944		302.886		302.886		523.146		523.146		494.714		494.714		716.081		716.081		196.329		196.329		261.554		261.554

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		5218.138		387.853		387.853		445.383		445.383		286.7		286.7		520.453		520.453		510.157		510.157		720.218		720.218		187.916		187.916		253.334		253.334
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mergechart

		435.6		465.305		532.898		414.82		464.517		427.424		416.408		407.035		437.654		59.815		59.815		45.517		45.517		100.223		100.223		51.098		51.098		52.662		52.662		44.102		44.102		18.386		18.386		18.309		18.309

		443.771		480.421		532.802		417.797		455.92		442.721		426.107		418.921		446.846		62.545		62.545		48.213		48.213		84.766		84.766		52.18		52.18		52.986		52.986		42.531		42.531		21.658		21.658		18.603		18.603

		453.177		490.758		529.826		420.238		449.695		449.791		434.742		424.451		458.356		57.288		57.288		49.846		49.846		61.303		61.303		52.093		52.093		57.154		57.154		44.101		44.101		20.491		20.491		19.343		19.343

		448.783		473.702		506.642		410.194		436.404		448.739		431.536		425.324		457.309		58.882		58.882		47.788		47.788		58.17		58.17		47.423		47.423		51.599		51.599		39.79		39.79		21.609		21.609		18.08		18.08

		432.701		460.681		467.589		394.674		418.541		437.491		416.985		417.133		444.607		56.799		56.799		46.281		46.281		34.374		34.374		45.526		45.526		45.678		45.678		38.069		38.069		21.321		21.321		18.843		18.843

		444.217		462.762		462.94		395.583		419.605		441.817		421.938		416.575		450.598		51.129		51.129		48.303		48.303		29.004		29.004		44.069		44.069		49.501		49.501		38.342		38.342		20.498		20.498		19.179		19.179

		442.006		458.296		457.08		390.335		417.274		449.346		422.197		417.273		450.711		57.176		57.176		47.071		47.071		34.087		34.087		48.71		48.71		48.988		48.988		39.812		39.812		23.294		23.294		20.753		20.753

		465.42		475.4		468.043		404.266		439.551		481.403		452.712		440.432		486.058		71.027		71.027		46.029		46.029		43.645		43.645		61.323		61.323		48.032		48.032		49.043		49.043		26.785		26.785		25.565		25.565

		544.286		540.431		545.005		440.572		508.725		539.46		522.533		476.279		573.409		73.189		73.189		58.597		58.597		49.664		49.664		81.53		81.53		54.986		54.986		64.424		64.424		31.052		31.052		36.333		36.333

		591.614		575.805		577.83		456.408		552.648		571.245		562.584		488.156		634.363		80.519		80.519		69.209		69.209		58.677		58.677		98.134		98.134		60.209		60.209		73.498		73.498		32.676		32.676		44.221		44.221

		608.004		585.512		595.458		455.599		570.229		582.668		573.823		486.606		659.056		86.841		86.841		76.974		76.974		65.837		65.837		108.043		108.043		62.529		62.529		81.759		81.759		32.546		32.546		49.68		49.68

		602.247		570.023		578.294		440.943		561.325		571.358		564.83		470.873		647.98		84.743		84.743		77.969		77.969		74.37		74.37		111.695		111.695		62.219		62.219		81.538		81.538		32.632		32.632		50.081		50.081

		550.352		508.127		519.355		398.207		500.274		522.178		507.737		425.743		573.302		80.082		80.082		69.728		69.728		71.865		71.865		103.357		103.357		58.414		58.414		73.822		73.822		27.894		27.894		44.106		44.106

		487.64		445.363		457.242		358.126		439.026		472.807		447.317		384.384		498.305		81.783		81.783		60.546		60.546		64.764		64.764		91.989		91.989		53.599		53.599		66.235		66.235		26.129		26.129		37.412		37.412

		452.403		415.17		419.029		331.064		403.76		438.779		409.723		354.46		455.658		75.077		75.077		55.629		55.629		65.072		65.072		85.67		85.67		50.404		50.404		60.924		60.924		23.686		23.686		33.041		33.041

		451.491		417.903		422.558		328.541		400.117		439.674		403.717		351.003		452.606		76.861		76.861		55.497		55.497		72.148		72.148		87.21		87.21		52.655		52.655		63.996		63.996		24.331		24.331		33.4		33.4

		437.401		402.237		406.994		313.652		380.388		419.996		383.872		333.311		430.688		72.72		72.72		53.531		53.531		74.813		74.813		85.064		85.064		52.395		52.395		60.138		60.138		23.591		23.591		31.033		31.033

		400.605		376.978		378.637		289.832		347.64		391.63		348.818		307.93		394.478		68.34		68.34		48.192		48.192		72.728		72.728		77.01		77.01		48.629		48.629		56.767		56.767		22.326		22.326		27.611		27.611

		383.983		359.392		362.326		277.055		332.01		372.651		331.715		292.083		376.93		68.074		68.074		46.413		46.413		71.958		71.958		74.575		74.575		47.66		47.66		54.353		54.353		21.331		21.331		26.42		26.42

		373.77		345.827		352.878		268.288		320.388		361.222		317.185		282.565		367.176		70.052		70.052		46.921		46.921		72.548		72.548		73.747		73.747		48.399		48.399		53.906		53.906		22.166		22.166		25.967		25.967

		329.93		313.275		318.828		241.581		281.755		318.288		276.964		251.492		330.33		61.065		61.065		41.321		41.321		69.29		69.29		63.705		63.705		45.513		45.513		48.117		48.117		19.894		19.894		23.023		23.023

		298.819		289.34		298.965		222.924		256.633		294.457		254.821		231.327		309.388		57.638		57.638		36.086		36.086		65.152		65.152		56.742		56.742		39.554		39.554		44.357		44.357		18.048		18.048		21.745		21.745

		278.236		271.728		276.856		208.402		239.397		268.86		229.947		212.848		286.673		53.034		53.034		38.184		38.184		63.908		63.908		52.827		52.827		42.07		42.07		41.858		41.858		17.352		17.352		20.706		20.706

		279.935		271.705		277.16		205.646		239.898		267.447		226.058		208.508		288.499		55.072		55.072		38.261		38.261		66.006		66.006		52.144		52.144		42.451		42.451		43.04		43.04		17.592		17.592		21.305		21.305

		328.057		315.767		323.309		235.125		291.291		328.508		274.061		242.863		337.805		72.269		72.269		40.868		40.868		72.099		72.099		65.672		65.672		44.502		44.502		57.457		57.457		22.648		22.648		24.675		24.675

		651.511		616.049		627.4		404.384		615.293		595.683		535.781		414.06		685.225		115.652		115.652		97.378		97.378		132.956		132.956		148.923		148.923		72.726		72.726		130.212		130.212		42.049		42.049		64.636		64.636

		1141.32		1159.926		1117.19		686.586		1152.487		949.272		939.547		668.787		1337.415		167.7		167.7		180.154		180.154		185.529		185.529		255.783		255.783		118.483		118.483		233.025		233.025		69.529		69.529		122.644		122.644

		1345.728		1502.548		1360.36		867.66		1458.036		1079.772		1158.355		805.486		1743.773		190.738		190.738		212.005		212.005		160.124		160.124		279.693		279.693		145.153		145.153		289.682		289.682		81.317		81.317		140.904		140.904

		1844.291		2304.998		1975.893		1316.276		2169.363		1449.709		1676.038		1174.365		2714.074		253.6		253.6		296.505		296.505		172.514		172.514		362.83		362.83		213.225		213.225		420.276		420.276		115.797		115.797		193.494		193.494

		2541.045		3343.854		2783.149		1908.244		3139.049		1897.742		2328.39		1639.648		3997.288		317.485		317.485		384.271		384.271		262.104		262.104		484.689		484.689		318.068		318.068		562.815		562.815		158.204		158.204		262.675		262.675

		2834.443		3818.586		3134.396		2189.999		3623.978		2052.886		2595.27		1839.308		4614.335		346.263		346.263		418.56		418.56		332.749		332.749		527.08		527.08		376.877		376.877		616.064		616.064		176.261		176.261		289.699		289.699

		3090.055		3692.373		3037.334		2127.898		3580.168		1891.385		2554.924		1653.698		4442.292		407.237		407.237		486.788		486.788		304.599		304.599		552.105		552.105		504.36		504.36		528.293		528.293		156.497		156.497		289.299		289.299

		2856.401		3967.977		3237.561		2296.105		3804.661		2094.542		2652.36		1914.959		4809.305		348.972		348.972		424.265		424.265		361.825		361.825		511.103		511.103		393.963		393.963		634.824		634.824		185.252		185.252		290.324		290.324

		3038.614		4136.049		3369.755		2384.323		3968.899		2160.684		2752.781		1969.473		4988.725		361.984		361.984		430.104		430.104		364.161		364.161		533.608		533.608		420.378		420.378		647.491		647.491		187.804		187.804		294.664		294.664

		3021.221		4113.112		3340.331		2357.91		3928.724		2133.516		2709.683		1934.721		4896.234		356.066		356.066		419.498		419.498		341.3		341.3		523.647		523.647		428.406		428.406		646.978		646.978		185.964		185.964		282.923		282.923

		3035.636		4113.058		3349.763		2379.536		3959.498		2143.92		2726.736		1951.168		4924.706		357.894		357.894		416.779		416.779		346.818		346.818		516.506		516.506		429.32		429.32		643.07		643.07		187.022		187.022		279.707		279.707

		3022.146		4049.361		3280.742		2302.56		3845.917		2081.334		2628.095		1873.771		4736.092		353.078		353.078		408.105		408.105		311.183		311.183		504.583		504.583		447.076		447.076		632.664		632.664		177.96		177.96		263.235		263.235

		2644.881		3576.234		2922.254		2084.73		3467.154		1876.662		2377.982		1706.349		4264.827		300.671		300.671		353.044		353.044		285.977		285.977		427.831		427.831		374.359		374.359		559.462		559.462		162.38		162.38		228.946		228.946

		2855.147		3847.462		3139.73		2235.627		3722.98		2008.787		2540.155		1818.397		4557.385		326.902		326.902		378.293		378.293		301.832		301.832		457.967		457.967		409.137		409.137		596.188		596.188		172.925		172.925		242.467		242.467

		3174.779		4300.575		3501.074		2486.518		4129.564		2249.946		2813.192		2037.124		5068.635		365.993		365.993		419.007		419.007		335.071		335.071		508.866		508.866		449.904		449.904		665.428		665.428		192.987		192.987		266.89		266.89

		3318.887		4505.204		3648.19		2571.115		4266.456		2332.916		2899.837		2100.194		5214.807		378.577		378.577		430.494		430.494		322.681		322.681		524.977		524.977		477.496		477.496		687.569		687.569		195.785		195.785		271.226		271.226

		3341.222		4559.247		3683.297		2600.648		4310.778		2371.303		2915.376		2131.089		5255.212		377.733		377.733		432.965		432.965		320.176		320.176		520.869		520.869		475.27		475.27		698.976		698.976		196.568		196.568		269.48		269.48

		3415.737		4646.341		3749.266		2661.446		4402.209		2426.07		2979.229		2177.06		5344.154		389.968		389.968		440.178		440.178		320.175		320.175		527.073		527.073		486.109		486.109		706.365		706.365		197.657		197.657		267.308		267.308

		3447.214		4697.861		3781.54		2671.334		4411.253		2444.843		2974.604		2183.914		5321.751		385.131		385.131		439.944		439.944		302.886		302.886		523.146		523.146		494.714		494.714		716.081		716.081		196.329		196.329		261.554		261.554

		3449.489		4692.738		3747.154		2642.188		4380.631		2437.688		2929.147		2154.651		5218.138		387.853		387.853		445.383		445.383		286.7		286.7		520.453		520.453		510.157		510.157		720.218		720.218		187.916		187.916		253.334		253.334
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merge

		ash				bta				qa				rp				sm				wc				wp				ws				ro		Std. Dev.

		435.6		51.098		465.305		59.815		532.898		100.223		414.82		52.662		464.517		45.517		427.424		44.102		416.408		18.011		407.035		18.386		437.654		18.309

		443.771		52.18		480.421		62.545		532.802		84.766		417.797		52.986		455.92		48.213		442.721		42.531		426.107		18.069		418.921		21.658		446.846		18.603

		453.177		52.093		490.758		57.288		529.826		61.303		420.238		57.154		449.695		49.846		449.791		44.101		434.742		19.855		424.451		20.491		458.356		19.343

		448.783		47.423		473.702		58.882		506.642		58.17		410.194		51.599		436.404		47.788		448.739		39.79		431.536		19.14		425.324		21.609		457.309		18.08

		432.701		45.526		460.681		56.799		467.589		34.374		394.674		45.678		418.541		46.281		437.491		38.069		416.985		19.411		417.133		21.321		444.607		18.843

		444.217		44.069		462.762		51.129		462.94		29.004		395.583		49.501		419.605		48.303		441.817		38.342		421.938		21.911		416.575		20.498		450.598		19.179

		442.006		48.71		458.296		57.176		457.08		34.087		390.335		48.988		417.274		47.071		449.346		39.812		422.197		25.324		417.273		23.294		450.711		20.753

		465.42		61.323		475.4		71.027		468.043		43.645		404.266		48.032		439.551		46.029		481.403		49.043		452.712		32.244		440.432		26.785		486.058		25.565

		544.286		81.53		540.431		73.189		545.005		49.664		440.572		54.986		508.725		58.597		539.46		64.424		522.533		43.445		476.279		31.052		573.409		36.333

		591.614		98.134		575.805		80.519		577.83		58.677		456.408		60.209		552.648		69.209		571.245		73.498		562.584		50.625		488.156		32.676		634.363		44.221

		608.004		108.043		585.512		86.841		595.458		65.837		455.599		62.529		570.229		76.974		582.668		81.759		573.823		55.086		486.606		32.546		659.056		49.68

		602.247		111.695		570.023		84.743		578.294		74.37		440.943		62.219		561.325		77.969		571.358		81.538		564.83		55.314		470.873		32.632		647.98		50.081

		550.352		103.357		508.127		80.082		519.355		71.865		398.207		58.414		500.274		69.728		522.178		73.822		507.737		49.828		425.743		27.894		573.302		44.106

		487.64		91.989		445.363		81.783		457.242		64.764		358.126		53.599		439.026		60.546		472.807		66.235		447.317		42.828		384.384		26.129		498.305		37.412

		452.403		85.67		415.17		75.077		419.029		65.072		331.064		50.404		403.76		55.629		438.779		60.924		409.723		38.891		354.46		23.686		455.658		33.041

		451.491		87.21		417.903		76.861		422.558		72.148		328.541		52.655		400.117		55.497		439.674		63.996		403.717		37.863		351.003		24.331		452.606		33.4

		437.401		85.064		402.237		72.72		406.994		74.813		313.652		52.395		380.388		53.531		419.996		60.138		383.872		35.312		333.311		23.591		430.688		31.033

		400.605		77.01		376.978		68.34		378.637		72.728		289.832		48.629		347.64		48.192		391.63		56.767		348.818		31.376		307.93		22.326		394.478		27.611

		383.983		74.575		359.392		68.074		362.326		71.958		277.055		47.66		332.01		46.413		372.651		54.353		331.715		29.771		292.083		21.331		376.93		26.42

		373.77		73.747		345.827		70.052		352.878		72.548		268.288		48.399		320.388		46.921		361.222		53.906		317.185		28.913		282.565		22.166		367.176		25.967

		329.93		63.705		313.275		61.065		318.828		69.29		241.581		45.513		281.755		41.321		318.288		48.117		276.964		24.427		251.492		19.894		330.33		23.023

		298.819		56.742		289.34		57.638		298.965		65.152		222.924		39.554		256.633		36.086		294.457		44.357		254.821		21.909		231.327		18.048		309.388		21.745

		278.236		52.827		271.728		53.034		276.856		63.908		208.402		42.07		239.397		38.184		268.86		41.858		229.947		19.909		212.848		17.352		286.673		20.706

		279.935		52.144		271.705		55.072		277.16		66.006		205.646		42.451		239.898		38.261		267.447		43.04		226.058		19.984		208.508		17.592		288.499		21.305

		328.057		65.672		315.767		72.269		323.309		72.099		235.125		44.502		291.291		40.868		328.508		57.457		274.061		24.313		242.863		22.648		337.805		24.675

		651.511		148.923		616.049		115.652		627.4		132.956		404.384		72.726		615.293		97.378		595.683		130.212		535.781		50.005		414.06		42.049		685.225		64.636

		1141.32		255.783		1159.926		167.7		1117.19		185.529		686.586		118.483		1152.487		180.154		949.272		233.025		939.547		86.97		668.787		69.529		1337.415		122.644

		1345.728		279.693		1502.548		190.738		1360.36		160.124		867.66		145.153		1458.036		212.005		1079.772		289.682		1158.355		100.401		805.486		81.317		1743.773		140.904

		1844.291		362.83		2304.998		253.6		1975.893		172.514		1316.276		213.225		2169.363		296.505		1449.709		420.276		1676.038		137.689		1174.365		115.797		2714.074		193.494

		2541.045		484.689		3343.854		317.485		2783.149		262.104		1908.244		318.068		3139.049		384.271		1897.742		562.815		2328.39		182.963		1639.648		158.204		3997.288		262.675

		2834.443		527.08		3818.586		346.263		3134.396		332.749		2189.999		376.877		3623.978		418.56		2052.886		616.064		2595.27		195.524		1839.308		176.261		4614.335		289.699

		3090.055		552.105		3692.373		407.237		3037.334		304.599		2127.898		504.36		3580.168		486.788		1891.385		528.293		2554.924		185.49		1653.698		156.497		4442.292		289.299

		2856.401		511.103		3967.977		348.972		3237.561		361.825		2296.105		393.963		3804.661		424.265		2094.542		634.824		2652.36		186.018		1914.959		185.252		4809.305		290.324

		3038.614		533.608		4136.049		361.984		3369.755		364.161		2384.323		420.378		3968.899		430.104		2160.684		647.491		2752.781		185.454		1969.473		187.804		4988.725		294.664

		3021.221		523.647		4113.112		356.066		3340.331		341.3		2357.91		428.406		3928.724		419.498		2133.516		646.978		2709.683		178.206		1934.721		185.964		4896.234		282.923

		3035.636		516.506		4113.058		357.894		3349.763		346.818		2379.536		429.32		3959.498		416.779		2143.92		643.07		2726.736		174.621		1951.168		187.022		4924.706		279.707

		3022.146		504.583		4049.361		353.078		3280.742		311.183		2302.56		447.076		3845.917		408.105		2081.334		632.664		2628.095		164.201		1873.771		177.96		4736.092		263.235

		2644.881		427.831		3576.234		300.671		2922.254		285.977		2084.73		374.359		3467.154		353.044		1876.662		559.462		2377.982		144.465		1706.349		162.38		4264.827		228.946

		2855.147		457.967		3847.462		326.902		3139.73		301.832		2235.627		409.137		3722.98		378.293		2008.787		596.188		2540.155		152.821		1818.397		172.925		4557.385		242.467

		3174.779		508.866		4300.575		365.993		3501.074		335.071		2486.518		449.904		4129.564		419.007		2249.946		665.428		2813.192		167.745		2037.124		192.987		5068.635		266.89

		3318.887		524.977		4505.204		378.577		3648.19		322.681		2571.115		477.496		4266.456		430.494		2332.916		687.569		2899.837		172.807		2100.194		195.785		5214.807		271.226

		3341.222		520.869		4559.247		377.733		3683.297		320.176		2600.648		475.27		4310.778		432.965		2371.303		698.976		2915.376		174.176		2131.089		196.568		5255.212		269.48

		3415.737		527.073		4646.341		389.968		3749.266		320.175		2661.446		486.109		4402.209		440.178		2426.07		706.365		2979.229		176.171		2177.06		197.657		5344.154		267.308

		3447.214		523.146		4697.861		385.131		3781.54		302.886		2671.334		494.714		4411.253		439.944		2444.843		716.081		2974.604		176.719		2183.914		196.329		5321.751		261.554

		3449.489		520.453		4692.738		387.853		3747.154		286.7		2642.188		510.157		4380.631		445.383		2437.688		720.218		2929.147		174.06		2154.651		187.916		5218.138		253.334






