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Background and Justification 
Ozark National Scenic Riverways (OZAR), covering approximately 33,257 ha, was created in 1964 to protect 215 km of the Current and Jacks Fork rivers in the Ozark Highlands of southeastern Missouri.  The primary attractions in OZAR are the aquatic resources, which include springs, sinkhole ponds, and clear-flowing streams that contain numerous rare and endemic species and attract visitors for canoeing, fishing, and other recreational activities.  OZAR is located in one of the largest contiguous blocks of forest in the Midwest and contains a wide variety of terrestrial communities, including numerous upland forest types, glades, fens, bottomland forests, cliffs and hundreds of caves.
From a vegetation-mapping perspective, Ozark National Scenic Riverways presents many challenges.  The Ozark Mountains are located at the intersection of the midwestern plains, the eastern deciduous forests, and the Mississippi delta.  Consequently, the Ozarks possess vegetation characteristic of all of these biomes.  Furthermore, as one of the longest continually exposed landmasses in North America, the Ozark Mountains possess many endemic species, and landscape diversity has created high vegetative diversity.  Confounding issues further is the fact that OZAR was created from public and private lands with a variety of use histories, including grazing, logging, and row cropping.  Vegetative diversity has been further increased by the variety of successional processes that have influenced these lands since they were first settled and since OZAR was formed.  In short, the landscape diversity and varied history of OZAR have created an extremely diverse assortment of vegetation associations.

We propose to map vegetation in Ozark National Scenic Riverways purchase unit using the Missouri Ecological Classification System (MOECS) model to enhance air photo interpretation.  We also plan to map vegetation within the following priority areas outside of the park as the budget allows (Fig. 1):

1. Montauk State Park at the northern park terminus (the Current River headwaters);

2. Two river sections outside the park at Eminence and Van Buren, Missouri;

3. Two small sections of Angeline and Sunklands Conservation Areas (these areas include many VEGMAP-compatible vegetation plots from the MOECS project described below); 

4. Other priority areas outside of the park to be determined by park staff and project partners.

We will produce digital and hardcopy maps at a scale of 1:24,000 with a minimum mapping unit (MMU) of 0.5 ha.  Simultaneously, we propose to develop an MOECS-based fuels map to provide fuel loading and fuel structure information at both the vegetation association and landscape scale.

OBJECTIVES

We will map existing vegetation associations within the Ozark National Scenic Riverways following the National Park Service Vegetation Mapping Program (VEGMAP) procedures and standards (The Nature Conservancy 1994a, b, c; 1996).  Furthermore, we will map fuel components at the association level.  To accomplish this, we have identified five major objectives:

1. Identify and classify vegetation associations within OZAR using the National Vegetation Classification System (NVCS).
2. Identify digital color-infrared air photo signatures for identified NVCS associations.

3. Develop a map of vegetation associations within the park based on aerial photographs, using MOECS data layers to enhance classification.

4. Assess and refine accuracy of vegetation map according to VEGMAP standards.
5. Characterize and map wild land fuel loading and structure at the vegetation association level.
PROCEDURES

Project Outline

1. Identify NVCS associations within OZAR.

· Evaluate existing vegetation data for compatibility with VEGMAP standards

· Identify existing NVCS vegetation associations within OZAR

· Identify vegetation classes not described by NVCS

· Cross-walk NVCS associations and MOECS Ecological Landtypes

· Conduct vegetation sampling according to VEGMAP guidelines

i. Describe NVCS associations

ii. Validate NVCS—MOECS cross-walk

· Refine initial NVCS association descriptions and field keys

2. Identify and refine digital color-infrared air photo signatures for NVCS associations

· Acquire appropriate photo data

· Develop and test methods on pilot areas

i. Identify digital color-infrared signatures using existing vegetation data and known vegetation associations as training sets.

ii. Use MOECS data and environmental relationships to enhance photo interpretation

iii. Map NVCS associations within pilot area 

iv. Use MOECS data and ground-truthing to verify vegetation classes

v. Refine NVCS photo signatures 

vi. Develop photo interpretation keys for NVCS associations

· Build relationships between training data and entire air photo data set.

3. Produce 1:24,000 NVCS association map for OZAR with MMU of 0.5 ha.

· Map OZAR using MOECS-enhanced air photo interpretation

· Refine air photo interpretation keys for NVCS associations

4. Assess accuracy of NVCS association map according to VEGMAP standards

· Ground truth mapped NVCS associations using existing and new data

· Evaluate producer and user accuracy

· Refine mapping for classes with substandard accuracy (< 80%)

· Reassess accuracy 

5. Produce fuel loading and structure map to the association level at 1:24,000 scale with MMU of 0.5 ha

· Collect and analyze fuels data from transects associated with vegetation plots

· Characterize fuel conditions for each vegetation association within OZAR

· Produce map of fuels components at association level

· Produce photo-based field keys for fuel loading and structure
Photo Interpretation

We will use aerial photos from two seasons; color-infrared (Color IR) photos to be acquired in late September or early October of 2002 (1:12,000), and existing color photos from February 2001 (1:12:000).  We will incorporate the recently developed Missouri Ecological Classification System (MOECS) to enhance photo interpretation (Nigh et al. 2000).  MOECS established strong vegetation and environmental relationships for relatively undisturbed vegetation communities in the Current River Hills subsection, within which OZAR lies.  MOECS identified three Landtype Associations within OZAR.  Landtype Associations (LTAs) are landscape-scale ecological units based upon variations in local landform, relief, geologic parent materials, soils and vegetation patterns.  Three LTAs identified within the purchase unit of OZAR include the Current River Breaks, the Jacks Fork Breaks, and the Current River Hills.  MOECS also identified 30 Ecological Landtypes (ELTs) that are closely associated with NVCS community types.  ELTs are stand-scale units that are described by similarities in vegetation, soil, landforms, geology, and topography (Meinert et al. 1997).  As such, ELTs provide a starting point for classification of relatively undisturbed vegetation associations.  Disturbed associations and associations not yet included in the NVCS will be sampled and characterized as they are encountered using our methods described below.  

Photo interpretation will be a combination of manual and digital methods.  We plan to acquire hard copies (stereoscopic pairs) and digital images of color infra-red photography that has been taken with airborne GPS and pseudo-georeferenced by the vendor.  The University of Missouri GIS & Spatial Data Analysis Laboratory will perform the task of photo interpretation and linkage to MOECS.  The delineation will be done on mylars under a stereoscope, and the line work will be scanned, labeled, and geo-referenced in a GIS.  The other alternative is to use a digital transfer scope with an internal LCD that allows us to simultaneously view digital based maps superimposed with hardcopy aerial photography, both paper print and transparency.  Interpretations will be based upon the following features: patch color, texture, tree crown shape, geometric characteristics, and ELT types.  Keys will be established for each of the above feature.  The link between these keys and the vegetation classes will be established

We believe that incorporation of MOECS is the best means for mapping vegetation associations within OZAR.  Further, by incorporating emerging technologies such as digital orthophotography, linking air photo interpretation and ECS, and using ECS-enhanced classification methods, we can assess their utility for future VEGMAP efforts.  USGS and the National Park Service (NPS) have identified the use of emerging technologies and the assessment of their utility as a desired component of VEGMAP projects (http://biology.usgs.gov/npsveg/fieldmethods/sect8.html).

Field Methods

Using the MOECS model in a GIS environment, we will select a stratified random sample of sites for field sampling.  We will stratify our sample based on total land area for each ELT (biophysical unit) within each LTA (landform). We believe this provides a superior and more informed level of environmental stratification than the Gradsect method for large parks outlined in Section 5 of Field Methods for Vegetation Mapping (The Nature Conservancy 1994b).  Plots will measure 20 m x 20 m according to VEGMAP sampling guidelines, and to ensure compatibility with existing vegetation data.  We will measure, estimate or describe elevation, slope, aspect, topographic position, landform, surficial geology, soil texture, hydrologic regime (for wetlands), basic soil profile, soil drainage, site location, and site history according to Field Methods for Vegetation Mapping (The Nature Conservancy 1994b).  Biological data will include general physiognomic description and descriptions of vegetation by stratum, including percent cover and height.  We will record species and diameter at breast height (dbh) for all trees (dbh ≥ 10 cm).  All understory trees and shrubs (dbh < 10 cm) within a 10 m x 20 m nested subplot will be identified to species and measured to the nearest centimeter.  We will conduct a releve on groundflora (all herbaceous vegetation and woody species < 1 m tall) within the same subplot, with identification to species and estimates of percent cover for each species.

We will estimate fuel loading and structure at the association level using standard fuel inventory techniques developed by Brown (1974) and Brown et al. (1981).  Along a 15.24 m transect associated with each vegetation plot, we will tally woody debris in three size categories (0-0.6 cm, 0.61-2.54 cm, 2.55 –7.62 cm) and measure the diameter for woody fuels greater than 7.62 cm inches in diameter. We will also collect herbaceous and litter fuels from one 0.3 m x 0.6 m clip plot at the transect terminus.  Finally, we will measure litter and duff depth at 1.52 m intervals along the transect.  These data will be used to characterize fuel loads for each association, but will be used neither for vegetation classification purposes, nor to assess accuracy of vegetation mapping.  

Accuracy Assessment

We will assess mapping accuracy using methods developed by The Nature Conservancy (1994c) for the National Vegetation Mapping Program.  We will randomly select points within mapped communities and classify them in the field using keys developed during the characterization phase of the project.  Point locations will serve as the center of a circular sample area greater than or equal to the minimum mapping unit (0.5 ha, or approximately 40 m radius).  We will record a unique control number and location data for each polygon chosen for field verification, and we will identify and assign a percent cover for the dominant species in each stratum.  Field crews will use keys to identify the community to the alliance and association levels, and will document their use of the field keys to enable identification of sources of error.  

We will compare field classifications with those assigned using photo interpretation.  Errors of omission and commission will be recorded and entered into an error matrix to determine the probability that a community has been properly mapped.  We will refine mapping techniques for those vegetation associations that exhibit substandard accuracy in order to obtain overall and within-class accuracies of at least 80%.  For those vegetation associations for which 80% accuracy cannot be achieved, we will report the actual accuracy encountered at the association level, the potential reasons for substandard accuracy in that association, and the accuracy for identification to the alliance level.





Relationships to Existing Projects
We will incorporate data from several projects within the Current River watershed that examine relatively undisturbed vegetation communities and their relationships with land use and environment.  Over 1600 permanent vegetation plots exist within and around OZAR, and data from these plots are compatible with VEGMAP standards for existing data (The Nature Conservancy 1996). We will use data from these projects to characterize relatively undisturbed vegetation associations and to assess the accuracy of mapping techniques.  These projects include the following:

The Missouri Ecological Classification System (MOECS) was recently completed for the subsection surrounding OZAR by the Missouri Department of Conservation, in cooperation with OZAR, U.S. Geological Survey, Missouri Department of Natural Resources and the U.S. Forest Service.  MOECS data represent an enormous effort in field sampling, with more than 500 geo-referenced plots from 50 sites in the watershed, most of which are within the OZAR purchase unit.  Data include overstory, sapling, shrub, and groundflora measurements.  We will incorporate the vegetation/environment relationships developed by MOECS to supervise photo interpretation.  Furthermore, we will use ECS environmental delineations to assist in selecting a random and stratified sample for photo interpretation and field sampling, and we will use existing ECS plots for vegetation classification and accuracy assessment.

Missouri Ozark Forest Ecosystem Project (MOFEP) is a landscape-scale research project examining the effects of timber management on several different components of Ozark forests.   MOFEP contains 648 permanently marked and geo-referenced vegetation sampling plots in nine sites encompassing over 2100 ha (Brookshire et al. 1997).  Vegetation data were collected both prior to and after timber harvest for overstory, sapling, shrub, seedling, and herbaceous strata.  Although MOFEP plots are not within the OZAR purchase unit, data from these plots can be used for vegetation characterization and for limited accuracy assessment.

The Chilton Creek Reserve is a 2300 ha area managed by The Nature Conservancy (TNC).  The Nature Conservancy is monitoring the effects of various prescribed fire management regimes on 250 permanent, geo-referenced vegetation sampling plots.  The arrangement of these plots incorporates MOECS concepts, including broad ELT designations based upon those used in MOECS.  Herbaceous and woody vegetation (overstory, sapling, shrubs, and seedlings) are sampled at each plot and data have been collected both before and after fire treatments.  As with MOFEP, Chilton Creek lies outside the OZAR purchase unit, so data can only be used for characterization of vegetation associations and for limited accuracy assessment.

Missouri Gap Analysis Project (GAP)  The land cover map for the Missouri GAP project was developed by the Missouri Resource Assessment Partnership (MORAP).  Our research group worked with MORAP on this and other projects.  MORAP has classified vegetation via Thematic Mapper  (TM) image analysis to the subclass or group level of the NVCS. Some land cover classes will be at the formation or alliance levels. While most GAP cover classes are too coarse for use in our mapping project, we anticipate using the product as a guide, and the TM data to enhance aerial photo interpretation. In addition, our map and field data will be available for continued vegetation mapping efforts being carried out by MORAP.

EXPECTED Products

1) Digital and hard copy color maps (MMU of 0.5 ha.) of existing vegetation associations within OZAR at a scale of 1:24000

2) Digital and hard copy maps of fuel loading and structure at the association level -(1:24,000, 0.5 ha MMU)

3) Hard-copy and digital, orthorectified color infrared photographs of the entire park

4) OZAR Vegetation Geographic Information System that contains

a) Spatial data for OZAR vegetation

b) A plot-level database identifying and describing the occurrence of vegetation associations

c) Vegetation databases with a hierarchical structure corresponding to the vegetation classification

d) Fuel loading and structure database associated with vegetation classification

5) Cross-walk for vegetation associations and ELTs

6) Spatial descriptions for all associations, including contagion, size, connectivity, and aggregation

7) Field keys for identification of vegetation associations

8) Photo-based fuel loading and structure field key for vegetation associations

9) Accuracy report

10) Conference presentation of development and application of methods

11) Publication of at least two articles in peer-reviewed professional journals

12) Federal Geographic Data Committee (FGDC) compliant metadata for all products

SUMMARY

The collaborators for this project include Federal and state personnel who possess a wealth of knowledge and expertise in Ozark vegetation communities, ecological classification, photo-interpretation, GIS modeling and spatial data analysis.  Furthermore, this project will utilize data and information from numerous ongoing projects within the watershed, including MOECS, MOFEP, and TNC’s Chilton Creek Reserve.  These factors will strengthen the final products while fulfilling recommendations of the 1998 Review of the Vegetation Mapping Program for improving cost effectiveness (http://biology.usgs.gov/npsveg/reviews/peer1.html).

The requested budget is $490,885 (see budget below), which represents a cost of  $14.76/hectare ($6.10/acre).  Our products will be tools that can be queried or analyzed to address multiple resource management questions within the park.  For example, OZAR resource managers can examine vegetation conditions associated with different management histories or disturbance on similar sites throughout the park.  The spatial descriptions for each vegetation class can be further analyzed to answer questions about availability of habitat, its spatial arrangement and connectivity.  Our products will provide information on the spatial relationships of existing vegetation communities to environmental conditions (geology, landform, aspect, etc.), thereby allowing park resource managers to better understand environmental processes affecting natural resources within the park.  Finally, plots, maps and associated spatial descriptions for vegetation classes will provide baseline data for monitoring vegetation and land use changes through time.

PARTNERS

USGS Northern Prairie Wildlife Research Center Missouri Field Station (USGS-MFS) has conducted vegetation inventory and classification in many natural communities in southern Missouri, including classification of riparian and upland vegetation communities within OZAR.  USGS-MFS will be responsible for overall project coordination, coordination of vegetation association identification and description, vegetation sampling, vegetation data analysis, vegetation data quality assurance and control, archiving vegetation data, ground-truthing vegetation maps, and all metadata maintenance.

University of Missouri-Columbia (UMC) houses faculty specializing in remote sensing, forest photogrammetry and GIS.  The lab hosts six research staff, from MS and PhD students to a research specialist and postdoctoral associates with diverse backgrounds in landscape ecology, ecological modeling and GIS and remote sensing.  The GIS & Spatial Data Analysis Laboratory is equipped with 7 high-end NT workstations with up to date software.  UMC will be responsible for aerial photo interpretation, photo scanning and orthorectification, digital image processing, vegetation map production, and quality control and archiving of remotely sensed data.

The Missouri Department of Conservation (MDC) has coordinated development of the Missouri Ecological Classification System with classifications of relatively undisturbed ecological landscapes and landtypes in the Ozark region.  This multi-scale project utilizes local climate, topography, soil associations, and potential vegetation to delineate landscape-scale Landtype Associations and site-scale Ecological Landtypes (ELTs).  These relationships have been used to model and map ELTs in the Ozark region in a GIS environment.  MDC will be responsible for overall project consultation, vegetation classification coordination, GIS modeling and integration of ELTs, and will provide access to all relevant databases.

WORK SCHEDULE

	
	Fiscal Year

	Task/Product
	02
	03
	04
	05

	Aerial photo acquisition and processing
	X
	X
	
	

	Identify NVCS associations within OZAR
	X
	X
	
	

	Field sampling of vegetation communities
	
	X
	X
	

	Collect fuels data
	
	X
	X
	

	Develop/refine new vegetation associations
	
	X
	X
	

	Identify photo signatures for all NVCS associations
	
	X
	X
	

	Identify fuel loading and NVCS association relationships
	
	X
	X
	

	Map NVCS associations within pilot areas
	
	X
	X
	

	Validate/refine vegetation mapping techniques
	
	X
	X
	

	Expand mapping techniques to entire mapping area
	
	X
	X
	X

	Develop and test vegetation association and fuel field keys
	
	
	X
	X

	Assess accuracy/refine mapping
	
	
	X
	X

	Create map of NVCS association and accuracy report
	
	
	
	X

	Create fuel loading and structure map
	
	
	
	X

	Create metadata for all products
	
	
	
	X

	Conference presentation on project methods and results
	
	
	
	X


HAZARD ASSESSMENT INCLUDING AIRCRAFT

No aircraft will be utilized by USGS, University, or Missouri Department of Conservation employees during this project.  Acquisition of aerial photography by the National Park Service will be via a private vendor, and all Department regulations regarding air photo acquisition by private vendor will be adhered to.

Hazards for field crew include walking in rugged terrain and possibly encountering poisonous snakes or insects.  Each crew will carry a first aid kit, and all members of the field crews will be trained in first aid and CPR prior to the field season.

Animal Welfare Concerns

No animals will be used in this study.

Metadata Compliance Objectives

All manuscripts developed from this project will be available at the Northern Prairie Wildlife Research Center web site (www.npwrc.usgs.gov).  In addition to reports and publications developed from this project, Federal Geographic Data Committee (FGDC) compliant metadata will be created and submitted to the National Biological Information Infrastructure (NBII) metadata clearing-house (www.nbii.gov/).

BUDGET

The total requested budget is $490,885.  This budget will be distributed between USGS, the University of Missouri and OZAR (see below).  When evaluated on a cost per hectare basis, this project costs $14.76/hectare ($6.10/acre).  A cooperative agreement between USGS-MFS and UMC provides for a reduced overhead charge of 10%, so all funds transferred to UMC would be subject to this reduced rate.

The USGS overhead charge to Department of Interior bureaus is 0% for FY 02, but this could change in FY 03 and beyond.  Beginning in FY 03, USGS may charge indirect costs to other DOI bureaus for work performed on their behalf.  This rate may vary from year to year, and may significantly increase the cost of this project in FY 03 and beyond.  

Aerial photography funds ($30,000) will be sent to OZAR in FY 02 so that they can cooperate with MDC to coordinate flight schedules for OZAR and nearby MDC lands.  This will allow us to map priority lands outside of the OZAR purchase unit.

Requested Budget
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USGS MO Field Station Budget Item

FY 02

FY 03

FY 04

FY 05

Total

113/121

Term Ecologist GS-09 100% (M Struckhoff)

3785

50065

52067

44354

150271

113/121

Fire Ecologist GS-09 20% (K Grabner)

4130

11506

11966

6933

34535

210

Travel

500

3000

3000

2500

9000

310

Field supplies

1500

500

500

2500

260

Office supplies and materials

500

1000

1000

500

3000

310

Computer and software

4400

4400

410

Coop. Agreement with MU (

detailed below

)

11985.6

83699

78494.9

82997.2

257176.7

Requested VEGMAP Funds to USGS

26800.6

149770

147027.9

137284.2

460882.7

Aerial Photography Funds to OZAR

30000

30000

TOTAL PROJECT FUNDS

56800.6

149770

147027.9

137284.2

490882.7

Detail of University of Missouri Budget included in Cooperative Agreement listed above:

FY 02

FY 03

FY 04

FY 05

Total

Salaries

   a. Hong He (one month summer salary)

6443

6443

   b. Remote Sensing Specialist (full time)

2917

35000

36050

34214

108181

   c. Student lab techs ($8/hr*20hr/wk*40wk/yr)

6400

6790

13190

   d. Field crew (3*$11/hr*40hr/wk*11wk/yr)

14080

14642

7614

36336

Benefits

   25 % of a) and b) above 

729

8750

9013

10164

28656

   8% of d) above

1760

1830

952

4542

Travel for field crew (vehicle, housing)

5600

5824

3025

14449

Travel (non-field crew)

500

3000

2500

3000

9000

Computer and Software

6000

6000

Printing supplies

500

1000

1000

500

3000

Misc Office

250

500

500

250

1500

Publication cost

2500

2500

UMC total direct cost

10896

76090

71359

75452

233797

UMC indirect cost (

Reduced rate 10%

)

1089.6

7609

7135.9

7545.2

23379.7

UMC Cooperative agreements total

11985.6

83699

78494.9

82997.2

257176.7
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113/121

Term Ecologist GS-09 100% (M Struckhoff)

3785

50065

52067

44354

150271

113/121
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2500
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Office supplies and materials

500

1000

1000

500

3000

310

Computer and software
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		Object Class		USGS MO Field Station Budget Item		FY 02		FY 03		FY 04		FY 05		Total

		113/121		Term Ecologist GS-09 100% (M Struckhoff)		3785		50065		52067		44354		150271

		113/121		Fire Ecologist GS-09 20% (K Grabner)		4130		11506		11966		6933		34535

		210		Travel		500		3000		3000		2500		9000

		310		Field supplies		1500		500		500				2500

		260		Office supplies and materials		500		1000		1000		500		3000

		310		Computer and software		4400								4400

		410		Coop. Agreement with MU (detailed below)		11985.6		83699		78494.9		82997.2		257176.7

				Requested VEGMAP Funds to USGS		26800.6		149770		147027.9		137284.2		460882.7

				Aerial Photography Funds to OZAR		30000								30000

				TOTAL PROJECT FUNDS		56800.6		149770		147027.9		137284.2		490882.7

		Detail of University of Missouri Budget included in Cooperative Agreement listed above:

						FY 02		FY 03		FY 04		FY 05		Total

				Salaries

				a. Hong He (one month summer salary)								6443		6443

				b. Remote Sensing Specialist (full time)		2917		35000		36050		34214		108181

				c. Student lab techs ($8/hr*20hr/wk*40wk/yr)				6400				6790		13190

				d. Field crew (3*$11/hr*40hr/wk*11wk/yr)				14080		14642		7614		36336

				Benefits

				25 % of a) and b) above		729		8750		9013		10164		28656

				8% of d) above				1760		1830		952		4542

				Travel for field crew (vehicle, housing)				5600		5824		3025		14449

				Travel (non-field crew)		500		3000		2500		3000		9000

				Computer and Software		6000								6000

				Printing supplies		500		1000		1000		500		3000

				Misc Office		250		500		500		250		1500

				Publication cost								2500		2500

				UMC total direct cost		10896		76090		71359		75452		233797

				UMC indirect cost (Reduced rate 10%)		1089.6		7609		7135.9		7545.2		23379.7

				UMC Cooperative agreements total		11985.6		83699		78494.9		82997.2		257176.7
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