GENERAL SERVICES ADMINISTRATION

Federal Supply Service

Authorized Federal Supply Schedule Price List

On-line access to contract ordering information, terms and conditions, up-to-date pricing, and the option to create an electronic delivery order are available through GSA Advantage!, a menu-driven database system.

The INTERNET address for GSA Advantage! is GSAAdvantage.gov.
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Customer Information

1a.  
Table of awarded special item number(s) with appropriate cross-reference to item descriptions and awarded price(s).  

GRS  Rates by Labor Category

Geographic Resource Solutions offers a range of Land Cover Mapping Services under SIN 899-7: GEOGRAPHIC INFORMATION SYSTEMS (GIS).  Hourly and daily rates for all services performed by GRS are provided below in Table 1.  These hourly and daily rates are for year one. 

Table 1:  

SIN Number(s)
Category Name/Title
On-Site
Off-Site
Location
2003-04 $/hour
2003-04 $/Day


899-7
T1
X
X
All
 $27.59
N/A


899-7
T2
X
X
All
 $34.86
N/A


899-7
A1
X
X
All
 $37.96
N/A


899-7
A2
X
X
All
 $40.89
N/A


899-7
A3
X
X
All
 $45.00
 $450.00


899-7
A4
X
X
All
 $49.17
 $491.70


899-7
A5
X
X
All
 $52.73
 $527.30


899-7
A6
X
X
All
 $59.84
 $598.40


899-7
C1
X
X
All
 $66.96
 $669.60


899-7
C2
X
X
All
 $78.53
 $785.30


899-7
C3
X
X
All
 $89.32
 $893.20


Labor Categories are described in Section 1c.
1b.  
Identification of the lowest priced rates and lowest rate for that service for each special item number awarded in the contract.

The hourly and daily rates shown in Table 1 represent the lowest prices offered by GRS for their Land Cover Mapping services. 

1c.  
Description of all corresponding commercial job titles, experience, functional responsibility and education for those types of employees or subcontractors who will perform services shall be provided.

Job Title, Class, Grade, and Labor Category Definitions

Geographic Resource Solution’s  rate schedule is based on standard job titles, classes, grades, and categories.  Job titles reflect the general nature of the responsibilities of that position.  Job classes, such as Technician, Analyst, and Consultant reflect the general level of responsibility and complexity associated with the job responsibilities.  Job grades (1-6) within a job class represent the range of experience and education required of these different job classes.  

GIS Job Titles

GIS Conversion Technician 1  - Category T1 

Functional Responsibility: Performs many GIS data input and edit functions.  Performs digital conversion, digitizing, and quality control processes.  Uses specialized tools and commands for automation of conversion tasks.  Operates scanner and scanning software.  Assists in data quality control and validation software processes.  

Minimum Education: Bachelor’s degree in GIS-related field desired.

Minimum Experience:  An entry-level position for personnel with educational background in GIS.  At least 0-3 years of experience in GIS or related field.

GIS Conversion Technician 2  - Category T2

Functional Responsibility:  Performs most GIS data input and edit functions.  Performs digital conversion, digitizing, and quality control processes.  Uses specialized tools and commands for automation of conversion tasks.  Operates scanner and scanning software.  Uses programs to import and export data sets.  Performs relational database functions.  Assists in data quality control and validation software processes.  May develop simple routines and macros.

Minimum Education:  Bachelor’s degree in GIS related field required.

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 2-10 years of experience in GIS or related field.

GIS Conversion Analyst 1 - Category A1

Functional Responsibility:  Performs digital conversion, digitizing, and quality control processes concerning more complex projects.  Performs digital conversion requiring interpretation and knowledge of application data.  Implements data format conversion and data validation processes.    Uses programs to import and export data sets.  Performs relational database functions.  Edits data and resolves unusual data errors.  Implements quality control processes for digital conversion projects.  Develops simple routines and macros.  Assists in the supervision and training of GIS Conversion Technicians.

Minimum Education:  Bachelor’s degree in GIS related field required.  

Minimum Experience: Educational background or equivalent experience in a GIS related field.  At least 1-3 years of experience in GIS or related field.

GIS Analyst 1 - Category A1
Functional Responsibility:  Builds digital datasets using conversion, digitizing, and quality control processes.  Assists in the analysis of GIS data using standard GIS analytical tools that perform spatial analysis and grid analysis.  Performs relational database operations including database query and reporting.  Operates scripts required for process automation.  Develops simple routines and macros.  Implements and monitors established workflows and techniques for analyses.

Minimum Education:  Bachelor’s degree in GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 1-3 years of experience in GIS or related field.

GIS Analyst 2 - Category A2

Functional Responsibility:  Builds digital datasets using conversion, digitizing, and quality control processes.  Assists in the analysis of GIS data using standard GIS analytical tools that perform spatial analysis and grid analysis.  Performs relational database operations including database query and reporting.  Operates scripts required for process automation.  Develops workflows, routines, and macros.  Implements and monitors established workflows and techniques for analyses.  Participates in the development of proposals.

Minimum Education:  Bachelor’s degree in GIS related field required.

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 2-10 years of experience in GIS or related field.

GIS Analyst 3 - Category A3

Functional Responsibility:  Builds digital datasets using conversion, digitizing, and quality control processes.  Performs analysis of GIS data using standard GIS analytical tools that perform spatial analysis and grid analysis.  Performs relational database operations including database query and reporting.  Assists in the development of scripts and batch processes to automate analyses.  Assists in the development of workflows, routines, macros, queries, and reports.  Implements and monitors established workflows and techniques for analyses and data manipulation.  Participates in the development of proposals.

Minimum Education:  Bachelor’s degree in GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 2-5 years of experience in GIS or related field.

GIS Analyst 4 - Category A4

Functional Responsibility:  Builds digital datasets using conversion, digitizing, and quality control processes.  Performs analysis of GIS data using standard GIS analytical tools that perform spatial analysis and grid analysis.  Performs relational database operations including database query and reporting.  Assists in the development of scripts and batch processes to automate analyses.  Assists in the development of workflows, routines, macros, queries, and reports.  Implements and monitors established workflows and techniques for analyses and data manipulation.  Participates in the development of proposals.

Minimum Education:  Bachelor’s degree in GIS related field required.  Graduate work in GIS related field desired.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 3-10 years of experience in GIS or related field.

GIS Analyst 5 - Category A5

Functional Responsibility: Performs analysis of GIS data using standard and complex GIS analytical tools that perform spatial analysis and grid analysis.  Performs relational database operations including database query and reporting.  Builds digital datasets using conversion, digitizing, and quality control processes.  Develops scripts and batch processes to automate analyses.  Develops workflows, routines, macros, queries, and reports.  Participates in the development of proposals.  Implements and monitors established workflows and techniques for analyses and data manipulation.  Provides supervision, support, and training to GIS Analyst and GIS Conversion positions.  Participates in the development of proposals.  Makes presentations and publishes papers.

Minimum Education: Bachelor’s degree in GIS related field required.  Graduate work in GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 2-5 years of experience in GIS or related field.

GIS Analyst 6 - Category A6

Functional Responsibility:  Performs analysis of GIS data using standard and complex GIS analytical tools that perform spatial analysis and grid analysis.  Performs relational database operations including database query and reporting.  Builds digital datasets using conversion, digitizing, and quality control processes.  Develops scripts and batch processes to automate analyses.  Develops workflows, routines, macros, queries, and reports.  Implements and monitors established workflows and techniques for analyses and data manipulation.  Provides supervision, support, and training to GIS Analyst and GIS Conversion positions.  Participates in the development of proposals.  Makes presentations and publishes papers.

Minimum Education: Bachelor’s degree in GIS related field required.  Graduate work in GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 3-10 years of experience in GIS or related field.

GIS Consultant 1 - Category C1

Functional Responsibility:  Manages and directs GIS projects.  Designs and develops GIS application software and project workflows.  Integrates specific scientific applications and models with GIS technologies.  Responsible for the development of project application workflows and objectives.  Performs advanced GIS activities including: GIS design, planning, implementation, and management; systems analysis; training; and evaluation for new or existing systems. Develops and instructs custom courses and seminars for specific GIS software and applications.  Develops and implements custom programs and procedures.  Supervises GIS Analysts and Technicians.  Prepares proposals.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in GIS related field required.  Graduate work in GIS related field desired.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 2-5 years of experience in GIS or a related field.

GIS Consultant 2 - Category C2

Functional Responsibility:  Manages and directs GIS projects.  Designs and develops GIS application software and project workflows.  Integrates specific scientific applications and models with GIS technologies.  Responsible for the development of project application workflows and objectives.  Performs advanced GIS activities including: GIS design, planning, implementation, and management; systems analysis; training; and evaluation for new or existing systems. Develops and instructs custom courses and seminars for specific GIS software and applications.  Develops and implements custom programs and procedures.

Supervises GIS Analysts and Technicians.  Prepares proposals.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in GIS related field required.  Graduate work in GIS related field desired.  

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 5-10 years of experience in GIS, Image Processing, or a related field.

GIS Consultant 3 - Category C3

Functional Responsibility:  Manages and directs GIS projects.  Designs and develops GIS application software and project workflows.  Integrates specific scientific applications and models with GIS technologies.  Responsible for the development of project application workflows and objectives.  Performs advanced GIS activities including: GIS design, planning, implementation, and management; systems analysis; training; and evaluation for new or existing systems. Develops and instructs custom courses and seminars for specific GIS software and applications.  Develops and implements custom programs and procedures.

Supervises GIS Analysts and Technicians.  Prepares proposals.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in GIS related field required.  Graduate work in GIS related field required.

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 6-15 years of experience in GIS, Image Processing, or a related field.

Remote Sensing/Image Processing Job Titles

Remote Sensing/Image Processing Analyst 2 - Category A2

Functional Responsibility:  Assists in image/raster data preparation and integration.  Assists in the development of training data sets.  Implements and monitors processes in support of remote sensing/image processing functions and analyses.  Participates in field data collection activities for the development of ground truth.  Develops relational data base information and associated training information.  Knowledgable about GIS processes and analyses.  Operates automated scripts and processes to accomplish image-processing objectives.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 2-5 years of experience in GIS, Image Processing, or related field.

Remote Sensing/Image Processing Analyst 3 - Category A3

Functional Responsibility:  Assists in image/raster data preparation and integration.  Assists in the development of training data sets.  Implements and monitors processes in support of remote sensing/image processing functions and analyses.  Participates in field data collection activities for the development of ground truth.  Develops relational data base information and associated training information.  Knowledgable about IP/GIS processes and analyses.  Operates automated scripts and processes to accomplish image-processing objectives.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 4-10 years of experience in GIS, Image Processing, or related field.

Remote Sensing/Image Processing Analyst 4 - Category A4

Functional Responsibility:  Responsible for image/raster data preparation and integration.  Participates in field data collection activities for the development of ground truth.  Develops training data sets.  Responsible for the classification and analysis of imagery based on established project and workflow design.  Responsible for the investigation and resolution of spectral and attribute confusion.  Responsible for implementation of quality control and accuracy assessment procedures.  Evaluates and modifies classification and model parameters to accomplish project specifications.  Develops scripts for workflow automation and edits existing scripts to accommodate project specific requirements.  Supervises, supports, and trains Image Processing/Remote Sensing Analysts.  Prepares proposals.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  Graduate degree desired.  

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 2-5 years of experience in GIS, Image Processing, or related field.

Remote Sensing/Image Processing Analyst 5 - Category A5

Functional Responsibility:  Responsible for image/raster data preparation and integration.  Participates in field data collection activities for the development of ground truth.  Develops training data sets.  Responsible for the classification and analysis of imagery based on established project and workflow design.  Responsible for the investigation and resolution of spectral and attribute confusion.  Responsible for implementation of quality control and accuracy assessment procedures.  Evaluates and modifies classification and model parameters to accomplish project specifications.  Develops scripts for workflow automation and edits existing scripts to accommodate project specific requirements.  Supervises, supports, and trains Image Processing/Remote Sensing Analysts.  Prepares proposals.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  Graduate degree required.  

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 2-5 years of experience in GIS, Image Processing, or a related field.

Remote Sensing/Image Processing Analyst 6 - Category A6

Functional Responsibility:  Responsible for image/raster data preparation and integration.  Participates in field data collection activities for the development of ground truth.  Develops training data sets.  Responsible for the classification and analysis of imagery based on established project and workflow design.  Responsible for the investigation and resolution of spectral and attribute confusion.  Responsible for implementation of quality control and accuracy assessment procedures.  Evaluates and modifies classification and model parameters to accomplish project specifications.  Develops scripts for workflow automation and edits existing scripts to accommodate project specific requirements.  Supervises, supports, and trains Image Processing/Remote Sensing Analysts.  Prepares proposals.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  Graduate work in IP/GIS related field required.  

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 3-10 years of experience in GIS, Image Processing, or a related field.

Remote Sensing/Image Processing Consultant 2 - Category C2

Functional Responsibility:  Responsible for remote sensing project management and administration tasks.  Designs and implements field data collection efforts.  Responsible for the design and development of processes, workflows, and software applications in support of remote sensing projects.  Responsible for the development of software, rules, and models for image processing classification and pixel aggregation.  Responsible for the configuration of project specific parameters and variables required to satisfy project objectives.  Responsible for design and implementation of accuracy assessment processes.  Supervises, supports, and trains Remote Sensing/Image Processing staff.  Prepares proposals and writes reports.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  Graduate degree desired.  

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 5 years of experience in GIS, Image Processing, or a related field.

Remote Sensing/Image Processing Consultant 3 - Category C3

Functional Responsibility:  Responsible for remote sensing project management and administration tasks.  Designs and implements field data collection efforts.  Responsible for the design and development of processes, workflows, and software applications in support of remote sensing projects.  Responsible for the development of software, rules, and models for image processing classification and pixel aggregation.  Responsible for the configuration of project specific parameters and variables required to satisfy project objectives.  Responsible for design and implementation of accuracy assessment processes.  Supervises, supports, and trains Remote Sensing/Image Processing staff.  Prepares proposals and writes reports.  Makes presentations and publishes papers.

Minimum Education:  Bachelor’s degree in IP/GIS related field required.  Graduate degree required.

Minimum Experience:  Educational background or equivalent experience in an IP/GIS related field.  At least 10 years of experience in GIS, Image Processing, or a related field.

Photo Interpreter 4 - Category A4

Functional Responsibility:  Performs photo interpretation and non-analytical mapping from air-photos.  Performs the interpretation and mapping of features that can be easily identified without extensive ground knowledge or expertise.  This includes the mapping of linear features, such as roads, rivers, forest harvest units, and cultural features.

Minimum Education:  Bachelor’s degree in Remote Sensing/Resource Interpretation or a related field required.

Minimum Experience:  Educational background or equivalent experience in a Remote Sensing related field.  At least 2-5 years of experience in Remote Sensing or a related field with emphasis on photo typing and the estimation of canopy cover descriptions.

Photo Interpreter 6 - Category A6

Functional Responsibility:  Responsible for the interpretation and non-analytical mapping from air-photos.  Interprets features that require application specific knowledge such as geology, forestry, botany, or wildlife ecology.  Includes the mapping and interpretation of vegetation cover to specific ecological classifications.  Responsible for the collection of field data used for photo interpretation training efforts.  Responsible for implementation of quality control and accuracy assessment procedures.

Minimum Education:  Bachelor’s degree in Remote Sensing/Resource Interpretation or a related field required.  Certification as a Photogrammetrist by a recognized professional association. 

Minimum Experience:  Educational background or equivalent experience in a Remote Sensing related field.  At least 5-10 years of experience in Remote Sensing or a related field with emphasis on photo typing and the estimation of canopy cover descriptions.

Software Programming/Development Job Titles

Software Programmer/Analyst 3 – Category A3 (SCA 03071)

Functional Responsibility:  Performs routine coding as specified by the application designer/developer.  Assists in basic software design using application tools and common programming languages and libraries.  Also assists in development of automation code and scripts using vendor-specific programming languages.  Assists in process testing and support.

Minimum Education:  Bachelor’s degree in GIS or Computer Information Systems related field required.

Minimum Experience: Educational background or equivalent experience in a GIS related field.  At least 2-5 years of experience in GIS or a related field and software development.

Software Programmer/Analyst 6 – Category A6 (SCA 03072)

Functional Responsibility:  Assists in the development of project application code using vendor specific application software tools and library interfaces with low-level languages.

Performs routine coding as specified by the application designer/developer.  Assists in basic software design using application tools and common programming languages and libraries.  Also assists in development of processes and scripts using vendor-specific programming languages.  Assists in process testing, debugging, and support.

Minimum Education:  Bachelor’s degree in GIS or Computer Information Systems related field required.  Graduate degree desired. 

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  At least 4-10 years of experience in GIS or a related field and software development.

Software Developer/Programmer 2 – Category C2

Functional Responsibility:  Responsible for the design and development of project application code using vendor specific application software tools and library interfaces as required to accomplish project objectives.  Responsible for software design using application tools and common programming languages and libraries.  Responsible for process testing, debugging, and support.  Designs and writes software and algorithms for client applications and special analyses.  Develops automated workflows for new or complex processes.

Minimum Education:  Bachelor’s degree in GIS or Computer Information Systems related field required.  Graduate work desired.

Minimum Experience: Educational background or equivalent experience in a GIS related field.  At least 4-10 years of experience in GIS or a related field and software development.

Software Developer/Programmer 3 – Category C3

Functional Responsibility:  Responsible for the design and development of project application code using vendor specific application software tools and library interfaces as required to accomplish project objectives.  Responsible for software design using application tools and common programming languages and libraries.  Responsible for process testing, debugging, and support.  Designs and writes software and algorithms for client applications and special analyses.  Develops automated workflows for new or complex processes.

Minimum Education:  Bachelor’s degree in GIS or Computer Information Systems related field required.  Graduate work desired.

Minimum Experience:  Educational background or equivalent experience in a GIS related field.  6-15 years of experience in GIS or a related field and software development.

Field Resource Assessment/Evaluation Job Titles

Field Data Collection Technician 2 – Category T2 (SCA 08190)

Functional Responsibility:  Assists in the collection of training data.  Implements and monitors data collection methods in support of remote sensing/image processing data collection needs.  Participates in field data collection activities for the development of ground truth.  Knowledgable about GIS, GPS, and field data collection techniques.  Operates hand-held data collection and GPS devices.

Minimum Education:  Bachelor’s degree in Forestry, Botany, Plant Ecology, or related field desired.  AA degree required.

Minimum Experience:  Educational background or equivalent experience in Forestry, Botany, Plant Ecology, or a related field.  At least 2-5 years of experience in plant identification and field data collection techniques.  Knowledge of “local” plant species required.

Field Forester/Botanist/Ecologist 2 – Category A2

Functional Responsibility:  Assists in the collection of training data.  Implements and monitors data collection methods in support of remote sensing/image processing data collection needs.  Participates in field data collection activities for the development of ground truth.  Knowledgable about GIS, GPS, and field data collection techniques.  Operates hand-held data collection and GPS devices.  Provides guidance and support to Field Technicians.  Runs QA/QC routines and resolved field data inconsistencies.

Minimum Education:  Bachelor’s degree in Forestry, Botany, Plant Ecology or related field required.

Minimum Experience:  Educational background or equivalent experience in Forestry, Botany, Plant Ecology or a related field.  At least 2-5 years of experience in plant identification and field data collection techniques.  Knowledge of “local” plant species required.

Field Forester/Botanist/Ecologist 4 – Category A4

Functional Responsibility:  Organizes and administers the collection of training data.  Implements and monitors data collection methods in support of remote sensing/image processing data collection needs.  Participates in field data collection activities for the development of ground truth.  Knowledgable about GIS, GPS, and field data collection techniques.  Operates hand-held data collection and GPS devices.  Provides training, guidance, and support to Field Technicians.  Runs QA/QC routines and resolved field data inconsistencies.

Minimum Education:  Bachelor’s degree in Forestry, Botany, Plant Ecology or related field required.

Minimum Experience:  Educational background or equivalent experience in Forestry, Botany, Plant Ecology, or a related field.  At least 4-10 years of experience in plant identification and field data collection techniques.  Knowledge of “local” plant species required.

Field Forester/Botanist/Ecologist 6 – Category A6

Functional Responsibility:  Organizes and administers the collection of training data.  Implements and monitors data collection methods in support of remote sensing/image processing data collection needs.  Participates in field data collection activities for the development of ground truth.  Knowledgable about GIS, GPS, and field data collection techniques.  Operates hand-held data collection and GPS devices.  Provides training, guidance, and support to Field Technicians.  Runs QA/QC routines and resolved field data inconsistencies.  Develops QA/QC routines to assure the collection of accurate data.  Responsible for the development of Accuracy Assessment statistics and related information. Participates in the development of ecological rules and other Remote Sensing/Image Processing rules and relationships concerning land cover/vegetation information.

Minimum Education:  Bachelor’s degree in Forestry, Botany, Plant Ecology, or related field required. Graduate work desired.

Minimum Experience:  Educational background or equivalent experience in Forestry, Botany, Plant Ecology, or a related field.  At least 4-10 years of experience in plant identification and field data collection techniques.  Knowledge of “local” plant species and population dynamics required.

Forester/Botanist/Ecologist Field Project Manager/Consultant 2 – Category C2

Functional Responsibility:  Develops field data collection/Accuracy Assessment methods and strategies.  Organizes and administers the collection of training data.  Implements and monitors data collection methods in support of remote sensing/image processing data collection needs.  Participates in field data collection activities for the development of ground truth.  Knowledgable about GIS, GPS, and field data collection techniques.  Operates hand-held data collection and GPS devices.  Provides training, guidance, and support to Field Technicians.  Runs QA/QC routines and resolved field data inconsistencies.  Develops QA/QC routines to assure the collection of accurate data.  Responsible for the development of Accuracy Assessment statistics and related information. Participates in the development of ecological rules and other Remote Sensing/Image Processing rules and relationships concerning land cover/vegetation information.  Develops and implement pixel map aggregation methodologies.

Minimum Education:  Bachelor’s degree in Forestry, Botany, Plant Ecology, or related field required. Graduate work desired.

Minimum Experience:  Educational background or equivalent experience in Forestry, Botany, Plant Ecology, or a related field.  At least 4-10 years of experience in plant identification and field data collection techniques.  Knowledge of “local” plant species and population dynamics required.

Forester/Botanist/Ecologist Field Project Manager/Consultant 3 – Category C3

Functional Responsibility:  Develops field data collection/Accuracy Assessment methods and strategies.  Organizes and administers the collection of training data.  Implements and monitors data collection methods in support of remote sensing/image processing data collection needs.  Participates in field data collection activities for the development of ground truth.  Knowledgable about GIS, GPS, and field data collection techniques.  Operates hand-held data collection and GPS devices.  Provides training, guidance, and support to Field Technicians.  Runs QA/QC routines and resolved field data inconsistencies.  Develops QA/QC routines to assure the collection of accurate data.  Responsible for the development of Accuracy Assessment statistics and related information. Participates in the development of ecological rules and other Remote Sensing/Image Processing rules and relationships concerning land cover/vegetation information.  Develops and implement pixel map aggregation methodologies.

Minimum Education:  Bachelor’s degree in Forestry, Botany, Plant Ecology, or related field required. Graduate degree required.

Minimum Experience:  Educational background or equivalent experience in Forestry, Botany, Plant Ecology, or a related field.  At least 6-15 years of experience in plant identification and field data collection techniques.  Knowledge of “local” plant species and population dynamics required.

A listing of the Job Titles by Labor Category is shown in Table 2 on the following page.

Table 2: Job Titles by Labor Category

Technician 1 (T1)
Analyst 1 (A1)
Consultant 1 (C1)

GIS Conversion Technician
GIS Conversion Analyst
GIS Consultant


GIS Analyst






Technician 2 (T2)
Analyst 2 (A2)
Consultant 2 (C2)

GIS Conversion Technician
GIS Analyst
GIS Consultant

Field Data Collection Technician
Remote Sensing/ Image Processing Analyst
Remote Sensing/Image Processing Consultant


Field Forester/ Botanist/ Ecologist
Software Developer/Programmer



Forester/ Botanist/Ecologist Field Project Manager/Consultant






Analyst 3 (A3)
Consultant 3 (C3)


GIS Analyst
GIS Consultant


Remote Sensing/ Image Processing Analyst
Remote Sensing/Image Processing Consultant


Software Programmer/Analyst
Software Developer/Programmer



Forester/ Botanist/Ecologist Field Project Manager/Consultant






Analyst 4 (A4)



GIS Analyst



Remote Sensing/ Image Processing Analyst



Field Forester/ Botanist/ Ecologist



Photo Interpreter







Analyst 5 (A5)



GIS Analyst



Remote Sensing/ Image Processing Analyst







Analyst 6 (A6)



GIS Analyst



Remote Sensing/ Image Processing Analyst



Field Forester/ Botanist/ Ecologist



Photo Interpreter


Geographic Resource Solutions GSA Schedule Contract Pricelist

2. Maximum order:   $5,000,000.00
3. Minimum order:    $100.00 
4. Geographic coverage (delivery area):   Domestic and Overseas

5. Point(s) of production (city, county, and State or foreign country):   


1125 16th Street, Suite 213


Arcata, CA  95521


700 West 41st , Suite 200


Anchorage, AK  99503

6. Discount from list prices or statement of net price: Government net prices (discounts already deducted) are shown in Section 1a.

7. Quantity discounts:
None Offered

8. Prompt payment terms:
Net 30 days

9a.
Notification that Government purchase cards are accepted at or below the micro-purchase threshold:
Yes

9b.
Notification whether Government purchase cards are accepted or not accepted above the micro-purchase threshold:
Will accept for purchases over $2,500

10. Foreign items (list items by county of origin):
None

11a.
Time of delivery (Contractor insert number of days.):
Specified on the Task Order

11b.
Expedited Delivery: 
Available; contact Contractor for specifics.

11c.
Overnight and 2-day delivery:  Available; contact Contractor for specifics

11d.
Urgent Requirements:  Contact Contractor

12. F.O.B. point(s):  Destination

13a.
Ordering Address(es): 


1125 16th Street, Suite 213


Arcata, CA  95521

13b.
Ordering procedures: For supplies and services, the ordering procedures, information on Blanket Purchase Agreements (BPA’s), and a sample BPA can be found at the GSA/FSS Schedule homepage (fss.gsa.gov/schedules).

14. Payment address(es):   


1125 16th Street, Suite 213


Arcata, CA  95521

15. Warranty Provision:
Contractor’s standard commercial warranty

16. Export packing charges, if applicable:
N/A

17. Terms and conditions of Government purchase card acceptance (any thresholds above the micro-purchase level):
Contact Contractor

18. Terms and conditions of rental, maintenance, and repair (if applicable):
N/A
19. Terms and conditions of installation (if applicable):
N/A

20. Terms and conditions of repair parts indicating date of parts price lists and any discounts from list prices (if applicable):
N/A

20a.
Terms and conditions for any other services (if applicable):
N/A

21. List of service and distribution points (if applicable):
N/A

22. List of participating dealers (if applicable):
N/A

23. Preventive maintenance (if applicable):
N/A

24a.
Special attributes such as environmental attributes (e.g., recycled content, energy efficiency, and/or reduced pollutants):
N/A

24b.
If applicable, indicate that Section 508 compliance information is available on Electronic and Information Technology (EIT) supplies and services and show where full details can be found (e.g., contractor’s website or other location.) The EIT standards can be found at : www.Section508.gov/.  

25. Data Universal Number System (DUNS) number:
78-0022091

26.
Notification regarding registration in Central Contractor Registration (CCR) database:
Registered

GSA Schedule Environmental Services Offered by GRS

GRS is presenting four services for listing under SIN 899-7.  The Labor Category Rates listed in Tables 3 and 5 apply to each of these four services.  These services are 1) Image Processing/Land Cover Mapping, 2) Polygon Formation and Pixel Aggregation, 3) Change Detection, and 4) GIS/Image Processing Data Accuracy Assessment.  A brief description of each service follows: 

Image Processing/Land Cover Mapping Services

GRS integrates remote sensing, field sampling, GIS modeling, and other analytical processes in a comprehensive classification workflow that has been proven accurate over many image processing/land cover mapping projects.  During these projects, GRS incorporated Landsat Thematic Mapper (TM), SPOT, and other multi-spectral digital imagery with collateral data, and quantitative ground data to develop highly accurate land cover classification data sets. GRS has critically evaluated every step in the classical image classification workflow and developed software when necessary to implement unique procedures.  GRS has pioneered the use of the point-transect sampling method for use in collecting training data and accuracy assessment data.  Resulting from this was the invention of the GRS Densitometer, a tool used for the efficient implementation of the point-transect sampling method in the field.  GRS has also developed software and image processing methodologies for the automated combination of both supervised and unsupervised classifications systems to exploit the advantages of both methods.

GRS has successfully implemented this methodology and proven it to be flexible, accurate, timely, and cost effective in mapping the vegetative characteristics of more than 40-million acres of largely rugged and roadless lands.PRIVATE 


tc  \f O  \l 9 ""  The GRS image processing/land cover mapping workflow is divided up into the following phases:

· Project Planning

· Data Acquisition

· Ecological Type Delineation

· Image Pre-Processing

· Training Data Collection

· Image Classification

The following sections briefly describe each of these phases.

Project Planning - Every GRS image processing project starts with the definition of the specific project’s goals and objectives.  This process involves the analysis of the desired results of the project, the project budget, and the time line for product delivery.  The process also requires the evaluation of the intended uses of the final map products and refinement of the project output to meet user needs. During the project planning phase, the project workflow and schedule are defined specifically to fulfill project goals and objectives.

Unique to land cover/vegetation mapping, the project planning phase also requires the selection of the land cover/vegetation classification system to be applied to categorize the various land cover types present in the project area.  In many projects, previously published classification systems, such as the National Vegetation Classification System (NVCS) or the Alaskan Classification System, may be used as the basis of map data classification.  In other cases such classification systems may be altered to accommodate the local vegetation ecology that differs from the more generalized system.  Other mapping criteria will also be defined, such as the attributes to be collected, desired accuracy levels, minimum mapping unit size, and the extent of the mapping project.

Data Acquisition - Land cover/vegetation classification requires the use of many types and sources of information to support the entire mapping process.  The first and most obvious is the selection and acquisition of the appropriate imagery.  This can be problematic in some areas due to problems such as persistent cloud cover, infrequent coverage, or other uncontrollable factors.  Fortunately there are several satellites with the multi-spectral capabilities necessary for vegetation mapping.  Given that certain basic criteria are met such as sufficient resolution and spectral bands, GRS‘s methodology is flexible and can be easily adapted to various sources of imagery for use in the classification process.  With the inherent inconsistencies in image acquisition, the selection of imagery will have to be evaluated for each individual project.

In addition to imagery, several types of collateral data are included in the GRS classification process. These data include digital elevation models (DEMs), historical aerial photography, USGS ortho-images, digital and printed USGS quad maps, historical maps, existing vegetation maps, land management/treatment status information, and updated digital themes for basic planimetrics such as hydrology, transportation, and cultural features. Existing vegetation descriptions (plot data) may also be used in the training and/or accuracy assessment phases, when appropriate.  Typically, many types of digital and printed maps and attribute data may be used throughout the course of the project to fulfill project objectives.

Ecotype Delineation - Ideally, all of the classification training sites will have distinct spectral signatures that correspond to the different land cover/vegetation characteristics.  Unfortunately, some of the different land cover characteristics may have overlapping spectral signatures.  These confused types may be distinguishable by other criteria, such as ecological regions, elevation, climatic regime, or immediate environment conditions such as slope and aspect.  GRS uses natural ecological regions and collateral environmental data to limit the area in which individual training site data may be applied during classification processes and resolve confused classes, as best as possible.  Ecotype information is developed to the extent thought necessary to develop unique image training classes in the final classification map (spectral data set).

Image Pre-Processing - After image acquisition, the imagery must be inspected for processing errors and evaluated for actual coverage and quality.   After this review, GRS will begin preparing the imagery for training and classification.  Pre-processing involves the normalization of the images for differential illumination for projects that encompass steep and variable terrain.  Pre-processing also involves the selection of candidate training site locations and development of field sampling plans for implementation during field training data collection activities.

GRS has found illumination normalization to be an integral component of land cover mapping projects.  Steep slope angles and aspect combine with the solar angle and azimuth to cause a tremendous variation in the reflectance values present in satellite imagery. The differential illumination caused by slope and aspect can be a significant source of classification error in areas of moderate or high relief.  Many methods have been used by the image processing community to accommodate the effects of differential illumination. These methods include the use of multiple training areas across different types of terrain, the inclusion of illumination images during classification processes, and the normalization of the imagery itself.  GRS has found that the normalization of the initial imagery provides the best results.  GRS has evaluated several methods of image normalization and has selected the Backwards Radiance Correction Transformation (BRCT) based on a non-Lambertian assumption and a Minnaert constant (Colby, 1991).  This technique uses estimates of slope and aspect from the DEM, along with sun angle and azimuth parameters during image acquisition to adjust the images for differential illumination caused by terrain.  This correction method minimizes the effect of aspect but maintains the spectral differences of the different land cover types.  In addition to improving the consistency of the classification, normalization results in a reduction of the number of training sets required to represent a given land cover/vegetative condition.

GRS also pre-processes the imagery to enhance the collection of training data.  The imagery is evaluated to determine “candidate” training sites and potentially eliminate the collection of ground truth and training data in areas that will not yield spectrally suitable training signatures.  The imagery is classified into separate classes within the previously defined ecotype regions using an unsupervised isodata classifier.  Sufficiently large homogeneous areas of pixel data are identified and entered into a database.  These “candidate” areas are then evaluated for size and frequency by type to determine the range of potential types, as well as the abundance or scarcity of their occurrence.  This candidate site information is integral to the development of field training data collection efforts that will be comprehensive and cost effective.

Training Data Collection - The GRS classification methodology requires the collection of highly accurate and detailed training data that encompass the range of land cover/vegetation types present in the project area. These training data define the land cover/vegetation conditions for a given set of spectral values sensed by the satellite receptors (spectral signature).  Image classification processes rely heavily on the training data for the definition of the features being mapped.  Therefore, the accuracy and reliability of the training data are critical to the accuracy of the final land cover map.  Unfortunately, accurate and consistent training data can be expensive to collect and the training data are sometimes compromised in the interest of cost savings.  To avoid this shortcut, GRS has developed methods for efficiently sampling vegetation characteristics in the field and incorporating existing vegetation data. 

The GRS team will work with agency staff and other local botanical and ecological experts to identify a matrix of the existing land cover/vegetation characteristics and conditions to be mapped.  This initial matrix is guided by a combination of the target classification system and those previously recognized land cover/vegetative types that may not fall within the system.  The overall goal is to develop a set of training areas that encompass the complete range of land cover/vegetative characteristics present in the project area.  This matrix of vegetation types will be used to guide the training data collection efforts, as it will be used as a checklist to ensure adequate representation of the land cover variation of the project area. 

GRS has improved upon the visual selection and delineation of classification training areas, methods typically used in land cover mapping projects.  Technical and human limitations constrain the number of image bands that can be processed in a visual display or plotted.  Field observations are limited by what the human observer may interpret.  GRS uses image classification processes to stratify the project area into 200-300 potential land cover classes.  These image data are then processed to identify sufficiently large homogeneous groups of each different class of potential land cover data.  These homogeneous sites are ‘candidate’ training site locations.  The ‘candidate’ training areas are delineated on maps and evaluated with respect to the imagery, accessibility, and other pertinent factors (areas of image overlap) to develop feasible training data sampling plans that will guide field data collection operations and assure that all potential classes necessary to map the project area are visited and sampled.  Training data collection plans are then updated daily, as field data are collected, to monitor progress and prioritize remaining efforts. 

At each training site location, field crews will gather information and estimate quantitative land cover/vegetation cover data.  In past projects, GRS has found the point-transect method of vegetation measurement to be accurate, consistent, and very efficient to implement.  The point-transect method offers many advantages over fixed area plots or ocular estimates.  One such advantage is the ability to adjust the transect length to the conditions of the vegetation.  Homogenous areas can be sampled with relatively short transects, while in relatively heterogeneous or low-density types, the transects can be extended to include the natural variability.  In addition, the transects can be positioned in a linear orientation to cover a larger area or in a triangular orientation for smaller areas.  The point-transect method requires that land cover data are collected at evenly spaced sample points along each transect.  Sample data include the ground cover at the sample point; species, size, condition, vertical strata (position) of vegetation present; land cover condition, and other pertinent substrate characteristics, such as the type, size, and amount (depth) of litter/organic material.  To speed the implementation of this method, GRS developed a tool, the GRS Densitometer, that is a lightweight hand-held instrument for determining sample data at points along the transect. The user simply sights through the Densitometer to determine the location for recording the land cover parameters.  

Although quantitative measurement of land cover characteristics is most desirable, it is not always necessary or possible. Training areas that represent non-vegetation cover such as rock, ice, and water can be easily evaluated through interpretation of photography, imagery, or existing map data.  Areas that cannot be sampled on the ground may instead be represented by ocular estimates of the land cover components provided by an experienced and trained observer.  While ocular estimates are not always desirable, they may be most feasible due to problems of cost and accessibility.  In addition to collecting new field data, GRS can also use existing plot data when the data are appropriate.  These data must be compatible to the data that are collected by the transect/ocular methods.  

All field data collection sites must be located using X, Y coordinates loaded into GPS receivers – this assures that the data are collected in the proper area.  As a cross check for positional accuracy, the actual field data site locations are also located on the field photos and maps and recorded with a GPS device.  These GPS points are electronically downloaded into the GIS database and are displayed in combination with color composite imagery and collateral data to validate the training site location.  The training areas are then created in the GIS using region-growing techniques and validated by the multi-band training area delineation software. 

Supervised training area data are then evaluated to determine their validity.  One method of evaluation is based on spectral separability using J-M (Jeffries-Mantussa, PRIVATE 
Swain and Davis, 1978tc  \f O  \l 7 "Swain and Davis, 1978") distance statistics. This comparison is useful in understanding and reducing confusion between training data sets.  The training classes that remain spectrally inseparable are normally one of two cases.  Either they are closely associated land cover types that do not require definitive spectral discrimination or they are land cover types that are different, but share the same spectral signature (Brown and Fox, 1992).  The former of the two cases poses no problem to the classification process.  However, the later case requires further investigation into other methods for distinguishing the spectrally similar but different land cover types.  A second method of evaluation is a fidelity analysis.  Training area data are processed and evaluated to determine how well each training area is classified relative to itself, as well as how similar the area’s observed characteristics are to the characteristics estimated on the basis of the classification processes.  Areas that are self-classifying with high fidelity are ‘good’ training sites.  Areas that are not self-classifying, but exhibit estimated characteristics that are the same as, or nearly the same as the observed characteristics are also ‘good’ training sites.  Training areas that do not yield estimates that are similar to the observed characteristics are ‘unacceptable’ sites and need further review and evaluation to determine if they should be included in the final image training data set.
Image Classification - GRS's methodology involves a combination of supervised and unsupervised training techniques for the classification of land cover/vegetation features.  The image processing procedures used by GRS are distinguished by the unique combination of established and proprietary classification techniques. GRS uses a combination of supervised and unsupervised image training methods since both offer advantages and limitations (PRIVATE 
Fox, et al, 1983 and 199tc  \f O  \l 7 "Fox, et al, 1983 & 199"2; PRIVATE 
Brown and Fox, 1992tc  \f O  \l 7 "Brown and Fox, 1992").  The supervised training method is based on the use of the established training areas that are spectrally and land cover/vegetatively homogeneous.  Once these areas are identified, the spectral signature for each training area is correlated to the vegetation characteristics. Unsupervised training is based on mathematical clustering algorithms that define similar spectral classes independently of prior training information. GRS uses the land cover driven supervised classification method to perform the bulk (90-95%) of the image classification.  The balance of the image (approximately 5% to 10%) is classified using the spectrally driven unsupervised classification. 

GRS’ methodology for using the training data in supervised classification differs substantially from other published methods (e.g., PRIVATE 
Lillesand and Kiefer, 1987tc  \f O  \l 7 "Lillesand and Kiefer, 1987").  GRS maintains each training area as an individual stratum.  Training areas are not combined, generalized, or clustered prior to the classification process.  As a result, the specific land cover/vegetation details that are sampled within the training area are the characteristics that are carried forward throughout the classification process.  The resulting spectral data set (map) has a class for every training area used. All of the land cover/vegetation classes are represented by specific land cover/vegetation characteristics observed at each of the individual training sites.

Natural (eco-) regions and constraints developed from collateral data may be used to guide the development of the classification map(s) if confusion is resolved through use of the collateral data.  These eco-regions and constraints are used to create individual “masks” that can be used to limit the application of any given training set(s).  The classification algorithms used by GRS limits the use of the training data to the areas defined by the mask.  As a result, each training set may be applied to the entire area or just to a specific limited area.  This process greatly enhances the potential accuracy of the classification by using ecological models to resolve classification confusion. This process effectively increases the information that can be derived from digital imagery by adding a spatial component (ecological constraints) to the image data. 

Supervised class maps are then developed using a maximum likelihood algorithm with a low threshold, such as 90%.  "The maximum likelihood classifier has been found to produce results which have the minimum probability of error over the entire set of data classified" (Swain and Davis, 1978).  Pixels in the grid may remain unclassified where the maximum likelihood algorithm determines that the probability of the pixels in question belonging to any one of the training areas is below the (in this case) 90% level of confidence.  Subsequent supervised classification maps are developed using thresholds of 95% and 97.5%.

These supervised classifications result in a classified land cover/vegetation map that is approximately 95% classified.  It is unusual to classify 100% of an image using only the supervised approach.  This percentage can be increased by the iterative inclusion of more training areas placed in ‘holes’ that remain in the spectral data set.  However, this requires the collection of additional field training data and should only be done if the supervised classification percentage is significantly lower than the targeted 90 to 95% level of classification.  For the remaining 5% to 10% percent of the area that is unclassified, GRS uses the unsupervised classification process to fill in these voids in the supervised spectral data set.  The unsupervised method develops a set of image training statistics based solely on spectral information, without regard to the land cover/vegetation class characteristics (PRIVATE 
Lillesand and Kiefer, 1987tc  \f O  \l 7 "Lillesand and Kiefer, 1987").  If all pixels are assigned to a class, then unsupervised classes are assigned to all the void pixel areas.  Characteristics for these unsupervised classes are developed by relating them to the known supervised class data.  The unsupervised classes extend into areas already classified during the supervised process.  GRS has developed software and statistical techniques to analyze the correlation between these two classification results and automatically create class characteristics for the unsupervised classes (Brown and Fox, 1992.). These derived classes have estimates for complete land cover/vegetative characteristics and can be incorporated into the original supervised classification data.

After all classification processes are completed, the unsupervised and supervised class maps are combined into one final classification map (spectral data set).  This combined classification map contains a supervised class for each land cover/vegetation stratum that reflects the land cover/vegetation measurements the specific training site on which it is based.  Unsupervised classes represent areas not assigned a supervised class and have land cover characteristics based on the correlation of the supervised and unsupervised class data.  The resulting class map may typically have from 1000 to 2000 classes.  Changes necessary to refine the classification map can be quickly incorporated and the processes re-rerun, as nearly all the image classification processes can be applied in an automated fashion during an extensive batch process.  
Polygon Formation and Pixel Aggregation Services

Land cover mapping using satellite imagery typically results in very heterogeneous complex spectral data sets.  GRS has developed innovative rule-based pixel aggregation software to generate land cover/vegetation type polygons from the classified heterogeneous spectral data set. These aggregated types will be ecologically consistent with the vegetation associations defined by any vegetation classification selected, such the Viereck Alaskan Classification System.  GRS' rule-based aggregation is guided by user-defined ecological relationships and variable (by characteristic) minimum size mapping unit specifications, thereby providing the greatest possible flexibility in recognizing and mapping different land cover/vegetation types and characteristics.

Polygon Formation and Aggregation - There are two basic challenges concerning the aggregation of the classified spectral data set into a vector polygon format.  The first concerns the inherent complexity and heterogeneity of the resulting classified map, while the second concerns the control of polygon size using a minimum polygon size (minimum mapping unit (mmu)).  The classified land cover/vegetation map typically contains from tens to thousands of different pixel classes.  Large groups of homogeneous pixels are uncommon.  Instead the classified map usually consists of a very heterogeneous mix of pixels values that are singleton pixels or very small groups, smaller in size than the desired or practical mmu.  It is impractical to vectorize this spectral data set since it would result in numerous polygons smaller than the manageable polygon size.  

GRS has found that the traditional methods of ‘cleaning’ the pixel data are unsatisfactory.  GRS studies have concluded that generalizing training data and traditional mathematically based filtering has negative impacts on the accuracy and precision of the final map (Stumpf, 1993).

GRS retains as much land cover/vegetation information as possible throughout the classification process.  GRS has developed innovative software, GRS_aggregate, to aggregate the very detailed pixel data into larger land cover/vegetation types, without significantly changing the basic description of the classified pixels.  GRS_aggregate forms polygons by evaluating the relative similarity of the land cover/vegetation attributes of neighboring pixels to determine the most appropriate regrouping of the pixel data into polygons.   As each pixel is added to a polygon, the land cover attributes of the polygon are re-calculated based on the statistical summary of all the pixels that comprise the polygon. Through application of the detailed land cover/vegetation attributes included in the training data, GRS_aggregate enables the incorporation of ecological rules, models, and relationships to guide the polygon formation process.  The similarity of pixels and polygons to be merged is based on the dynamic land cover/vegetation characteristics of the entire polygon.  User-defined rules are used to determine the relative weights or differences of the individual land cover characteristics used in the calculation of similarity. The rules definition process provides the user complete flexibility for assembling polygons consistent with specific land cover classification systems.  During aggregation, all polygons continue to grow until the minimum mapping unit is reached.  Polygons may grow well beyond the mmu if the data are homogeneous enough.  The GRS_aggregate process also allows the specification of different minimum size mapping units, based on key characteristics.  For example, the minimum mapping unit of critical wetland polygons may be less than that of hardwood brush.
The final vegetation polygon attributes are based on the statistical summary of the original classified pixel data that comprise each polygon.  Since the detail from the training data has been retained through the entire process, each polygon has a derived land cover/vegetation summary similar in format and detail to the original training sets.  Polygons created by aggregation can have discrete estimate of the land cover/vegetative characteristics such as size, density, structure, and percent cover by species.  The detailed attribute data contained in the final land cover/vegetation data set allow the user to assign each polygon a categorical value for any desired classification system.  This is accomplished through database queries or dynamically by using simple thematic mapping tools available in most commercial GIS software.

Change Detection Services

Change detection represents the ability to process image data from two or more different times (e.g. summer versus winter or 2001 versus 1989) and develop maps that represent the differences between the different data sets.  Typical results indicate degrees of change based on the magnitude of the spectral differences, as represented by performing “image subtraction” on the different image data sets.  While these spectral differences may indicate change, they often do not indicate what change has occurred.  The nature of the change must then be estimated for the areas mapped as having changed.

GRS uses a different approach to change detection, an approach based on the analysis of land cover classification data rather than spectral data.  Rather than try to map and interpret degrees of change, GRS develops classification maps, as either raster or vector data sets, that represent the different times being compared.   Each of these classification data sets contain the very accurate and detailed land cover/vegetation information typical of land cover data sets produced by GRS.  Change is then determined by overlaying the different land cover data sets with each other and generating cross tabulation tables that depict how many pixels (units of area) have changed from any original (T0) land cover type characteristic to any final (T1) land cover type characteristic.  Using this approach, land cover changes are detected by the differences in area shown for each of the mapped attributes being compared.  An added advantage of this approach is that the differences are specific to geographic locations that can be easily located and identified.  In addition, the changes can be characterized as specific amounts of change (number of pixels) from one specific type (“oak woodland”) to another specific type (“urban”).  While the obvious benefits of this change detection methodology are the determination of actual differences by land cover characteristic and the detailed area by type descriptions for each point in time, other benefits are the development of highly detailed and accurate land cover maps representative of the different times (image data sets) that were processed.  None of this additional information is available using change detection techniques based on spectral differences.

GIS/Image Processing Data Accuracy Assessment Services

Accuracy assessment is the process of comparing the map data (estimates) to a reference data set (assumed 100% correct). Though an accuracy assessment appears to be a straightforward task, many methodologies for this vital process are severely flawed. The most common error in the application of accuracy assessment methods is caused by the assumption that reference data or “ground truth” can be derived from existing maps, aerial-photo interpretation, or coarse and generalized ocular estimates.  Since these methods have been shown to be relatively inaccurate themselves, the accuracy assessment is really a test of agreement between the map and reference data, but not a reliable indicator of map accuracy.  While useful for mapping general land cover information, photo interpretation and ocular estimates are subjective and have questionable reliability and consistency (Biging et. al., 1991). This is particularly the case when estimating numerical characteristics, such as percent cover or average tree size.  Ideally, GRS recommends the use of measured field data to validate land cover/vegetation characteristics, while reserving ocular estimates or photo interpretation for non-forest cover types or areas that are inaccessible on foot.  To retain sampling consistency, GRS also recommends using the same sampling techniques to collect accuracy assessment data as were used during the image training data collection phase.  Training data should never be withheld from training and instead used in an accuracy assessment, as the training data are biased data, since they are only collected in areas considered homogeneous.

GRS typically uses a stratified random sampling (SRS) scheme with replacement to sample the mapped data set. This sampling scheme provides information on all map categories regardless of the amount of area represented by any one stratum.  Research has shown SRS to be well suited for accuracy assessment of maps derived from remotely sensed data (Congalton, 1991).  The first step requires generating a GIS theme of sample point locations. GRS developed the sampler program to randomly generate sample point locations in the GIS throughout a project area.  Each sample point is assigned a unique sequential number representing its order of placement.  A spatial overlay in the GIS associates a map stratum with each sample point.  Polygons are then selected for sampling based on their sequential sample number within each stratum. 

Accuracy assessment locations are then located using a GPS and sampled to develop the reference data estimates to evaluate relative to the mapped data values.  All data are processed and ‘matches’ and ‘mismatches’ are determined for all map type data being tested.  Results (‘matches’ and ‘mismatches’) are processed using an Error Matrix.  Results are generated by map category and for the map as a whole.  Reliability as a percent, and the Kappa statistic are developed for each set of map characteristics being evaluated.  In this way, individual categories (types) may be tested for accuracy, as well as for the map data set as a whole.  
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