Specifications for a Predictive Ecosystem
Mapping Standard

1. INTRODUCTION

1.1.0BJECTIVE

The objectives of the PEM Standard are
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To ensuretha PEM data are delivered in a sandad TEM-like form that dlows for
merging, integration, or comparison of multi ple data sets.

To ensuresuffiaent documentation (QC/QA) to evauaethe acauracy of the product
To provide stability inthe slandard. To achieve Sability, changes to the sandard will be

subjed to a change management procedure that incorporates an impad andyss of
proposed changes.

1.2.BACKGROUND

The spedfication for a Predicive Ecosystem Maoping (PEM) standad arises from four
preceding works commissioned by the Terrestrial Ecosystem Magpping Alternaives Task
Force Resource Inventory Committee (RIC). Thesewere
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Towards the Establishment of Predidive Ecosystem Mapping Standads: A White
Paper, Keth Jones, R. Kdth Jones & Assoddes, Dd Madinge, BC Ministry of
Forests, Research Branch, Dave Clak, BC Minigtry of Environment Lands & Parks,
Resources Inventory Branch, and Fern Schultz, BC Ministry of Forests, Resources
Inventory Branch”

Problem Analysis on Daa Quality Assessmett Issues by Dr. David Moon,
CDT-Core Decision Technologies Inc.,

Situation Analysis for Knowledge-Based Systems by Dr. David Moon, CDT-Core
Decision Technologies Inc., and

Problem Analysis on Rdiability, Quality Control and Vdidaion of Predidive
Ecosystam Mgoping (PEM) by Dr. Richard Sims, and Jeff Maheson, R. A. Sims &
Assodaes.

The white paper integrated dements of the supporting studies to devdop the ovearching
framework presented inFigurel. The PEM Framework comprises five man components,
each of which contain important d ements, feauresand other related items.



Thefive man components are—

1. Client Requirement Assessmant
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3.

Input Data Quality Assessment

Knowledge Base A ssessment

4. Output and Rdiability Assessmant, and

5. QC/QA Procedures and Standards

« Figure 1 PEM Framework
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QC / QA PROCEDURES & STANDARDS COMPONENT
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Components 1-4 have a number of defining dements and features, which together
characterize thar scope andfundion. The QC / QA Procedures and Sandards component



contains items that largdy correspond vertically, from |t to right, to the core Input Data
Quality Assessment, Knowledge Base Assessment and Output and Rdiability Assessment
components of the PEM framework. The PEM components dosely pardlel components of
the aurrent TEM RIC glandads and procedures. With PEM however, the Input Daa
Quality and Knowledge Base Assessment components are different, but are somewha
andogous to “Mgoping and Fidd Survey Procedures’ sedtion of the TEM RIC standad.
The Output and Rdiability Assessment component of the franework can be the samefor
both PEM and conventional TEM. Presently this component has not been devd oped fully
for TEM.

The PEM gandard will address components 2 — 5 and will provide both standards and
recommendaions for each dement. It will dso establish minimum levds of documentaion
and mdadaa gandads to support evduaion of the acauracy and utility of the PEM
product.

2. ISSUES IDENTIFIED

A two-day workshop (July 6-7, 1999) idatified a numbe of importatt PEM related
issues. These issues related to required infrastructure (1), contradt spedficaions (C),
dandads (S) and guidelines (G). While dl are important end are identified in the teble
below, the ssandard will address only thoseissues related to ssandards and guidelines. Table
1 compiles the results of aworkshop session tha identified i ssues related to PEM  standards
and identified functions addressing the identified i ssues. The issues have been grouped into
the following categories: Maoping Entities, Informaion Management, Procedures,
Knowledge Management, and Important issues beyond the scope of the sandad. Eech
isse is flagged with I, C, S, or G to indicae Infrastructure Contrat, Standad, or
Guiddine

» Table 1 Issues and Functions Relevant to PEM Standards

Issue

Function

Mapping Entities

Product definition Product definition providesdocumentation on the nature of the S

PEM being produced and should include:

- | Definition of the PEM or TEM classes used

- | Definition of the attributes used to define orcharacterize them

- | Rationale underying choice of mapping and map entities

- | Relation to TEM classes

“‘domain values’ (explain)

Non-forested units Establishment of standard clases (other classifications) for non- S

forested unit nomenclature

Site-series Creation of more generalized TEM classes to accommodate S
generalization areas recognizable as belonging to a group of more detailed

classesbut notrecognizable asto specific class.

Information management

Information delivery Specification of the form in which the data are delivered to the S

BC corporate data base (logical data model)

Enhancement of the database to capture userdefined attributes

Versioning Identification, labeling, racking, reconciliation, didribution, S

documentation

Change management Establishment and implementation of change management S

procedures




- Screening of proposd changes

- impact assessment

- nofification of changesincluding what changed

- grandfatheling projectsand contracts

- timing forupcoming field ssason, project in
progress

Projectdefinition

Establishment of standardsto define the geographic extent,
resource discipline supported, strata used (TEM analogue),
classesand attributeset cetera for the project.

Develop and maintain a project management system to track
ongoing and completed projects

Attributes

Documentation (rationale, definition, domain)

- | Core attributes

- | Interpretation specific attributes

- | User defined attributes

- | PEMplate of core aftributes

-| See TEM table 4.1 and 4.2

Data independence

Programs, validations, interpretationset cetera should be
independent of hard coded parameters, parameterfiles, or other
non-data base dructures requiting specific non-domain expertise
formaintenance.

Procedures

Accuracy Assesament

Specification of minimum requirements and characteiistics of
proceduresto assess accuracy (procedure neutral)

- | Thematic

Spatial

Biogeoclimatic
boundaries

pecification of proceduresto refine small scale linesfor
pplication at larger scales

Cartographic output

Vool ol

ecification of minimum requirements and characteristics

Guideline on applicability of TEM Standard

minimum set (e.g. polygon id, schema for attribution)

Creation of standard requirements for edge matching

- | When appropriate / mandatory

- | Within/Between projectsPEM<-->TEM and PEM<-->PEM

Software independence

Development of specifications for exchange formatsor gandards

Knowledge base

Define minimum content and elementsfor knowledge base
documentation

Define entitiesand relationships

Input data

Specification of thematic data requirements

- | Mandatory themes (e.g. TRIM, BEC lines)

Mandatory IDQ report aseaty contract deliverable?

- | Appropiiate thematic input

- | Rationale for non-mandatory thematic selection

Input data quality

- | Create an input database catalogue

- | Develop proceduresto evaluate spatial congruence

- | Guidelinesforthe evaluation of thematic content and format

Knowledge Management

Knowledge base
applicability

- | Guidelinesfordetermining the applicability of existing KBsto
new areas

- | Guidelinesforthe specification of boundary conditionsfora
KB when created - project boundary or slected strata within




Validation

Confirmation of scientific soundness orto coroborate results
against a ¢andard

- | Knowledge base

- | Comorate validation routines

- | Input data

- | Define appropriate validation procedures

Document the degree of validation effort

- | TEM validation rules should show strong relationship with PEM
knowledge base

Important Issues beyond the scope of PEM Standards

Cudodianship

Mandate, responsibilities (as contract specifications), roles (as
standards), resources, intellectual equity

Resgpongbilities

Roles and functions(e.g., correlation, validation, cettification)

Contracting

Templates

-| Schedules Aand B

- | RFP contents

Evaluation criteria forReponses to RFP

- | Implications on scheduling and turn around of enfoced PEM
standards (including limitations on government QC/QA
resources, taskdependencies)

- | Expected efforts/costsassociated with normal PEM tasksasa
guide to proponentsand contract administrators

Conflict ofintered with QC/QA contracts

Full costing of the PEM processto support benefit/cost analysis

Documentation of time associated with ¢epsin PEM, including
unbilled time for public service employees

S =standard, G = guideline, | = infragructure, C = contract

3. PRINCIPLES

Theworkshop identified the following principles that the stendard will atempt tofollow.

3.1. CONFORMANCE TO EXISTING STANDARDS

Wherever possible, the PEM standard will conform to and utilizeexisting RI C standards by
reference or atachment to existing slandards rather then by aredting new standards requiring

oorrelation or recondliati on.

The PEM standard will follow the generd protocol established by the Resources Inventory
Committeefor published standards. RI C recognizes five components of a standard. These

ae

1. A disdpline sandad related to dassficaions, concepts, and entities in established
disdplines such as Forest Inventory, Soil Survey, or Terrain M goping which should be
followed when oolledting or using data to support other inventories. For example the
Terrain Classification standad “ Terrain Classification System for British Columbig,
Veason 2. (1997). D. Howesand E. Kenk” should be followed when oolletting or

using terandatadementsinsupport of a TEM.

2. A data oollettion standad related to the method of spatid and thematic data capture
These may be fidd, office or computer-based methods. For example, “Fidd Manud

5




for Desaibing Terrestrial Ecosystams” is the standard for site data collection when
used as acomponent of ecosy tem mapping.

3. A digitd datacapture sandard spedifying entities, atributes, data strucures and formas
for the submission of digitd datatothe government repository .

4. A gandad for interpretations and interpretive methods gopropriae to the data sourceto
which the sandard gpplies.

5. Standadsfor common output products. Geneally, these are spedfications for sandard
andogue map or report products generaed from the digitd data

3.2. SOFTWARE INDEPENDENCE

Wherever possible, the standard will be indgpendent of proprigary software or proprigary
software congtructs. Where the ministry responsible requires data in a vendor dependent
forma or construct the stendard will endeavor to provide standard conversion procedures or
vendor indgpendent formas which canbeimported into the ministry system.

3.3. PROCEDURE INDEPENDENCE

Wherever possible the standard will be procedureindependent. For example the sandard
may require estimated acauracy provided as the atribute(s) being estimated, the estimaed
value, and gatisticaly defined confidence limits rather then requiring tha a spedfic
procedurebe followed. In other cases it may provide a minimum acoepteble procedure but
dlow for other moresophist cated procedures that provide additiond information.

4. FRAMEWORK FOR THE PEM STANDARD

In kegping with the white paper framework, the PEM standard framework will consist of
thefollowingdements.

4.1.RELATIONSHIPS BETWEEN PEM AND TEM STANDARDS

The dandad will identify aress of exadt correspondence amilarity with, end divergence
from exiging TEM and, where relevant, othe RIC stendards. This will indude disdpline
dandads, mgoping sandads, digitd capture sendards, and reporting stendards.

4.2. MAPPING CONCEPTS

The standard will identify and spedfy standards for the identificaion, documentaion, and
rafionalization of mapping entiies and map entiies. Mgping entiies ae the basc
ecosystem dement being magpped eg., Biogeodimaic zone sub-zone sub-zone phase,
sub-zone variat, or Ste series, dte series Srudurd stage, Ste modifier, Site series serd
sage. Mg entities are the labded polygons on the mgp and may represent diff erent
composiions of mapping entiies. The standard will dso make recommendations or set
gandads for documenting the relationship between TEM and PEM mapping and map
entities.



4.3. MAPPING CONV ENTIONS

The sandard will identify and makerecommendations on the design and implementaion of
conventions for thedisplay of PEM information inmap form. This may consist of symboal,
labd, and line conventions. It will dso make recommendations or set sandards for the
documentation of the relaionship between PEM conventions and TEM conventions.

4.4.QUALITY CONTROL / QUALITY ASSURANCE

4.4.1. Quality Control

Quality control standards will consist of three components. The first is a rigorous, wdl-
documented procedure tha if followed will produce consgtent results. The second is
assurance tha the procedure has been followed. Natification is required if significant
deviation iscontemplated. Thethirdisthe determinaion and monitoring of qudity resulting
from the goplied procedure The standard will devdop documentaion requirements for
PEM procedures. The documentation will provide suffident detal for the procedureto be
consisatly replicated and monitored. Quality control procedures should be devd oped for
gpplication tothe determination of :

1. Input dataqudity. This will be gpplicable only if new input data are being produced for
the PEM projedt. Where exigting thematic mgps are being used, qudity assurance
procedures will be goplied to determinethe qudity of theinput maps.

2. Preparaiionand compilaion of the input data base

3. Thevalidity of the knowledge base

4. Theimplementaion of the knowledge base against theinput data
4.4 2. Quality Assurance

Quality sssurancetests the final product to ensuretha a spedfied sandad of qudity has
been achieved. The test isindgpendent of the methods used to produce the product but it
may be phasedtotest diff erent stages of product completion. Procedures will be devd oped
and documented to evduate input data qudity (thematic and spdid), the knowledge base
used topredict PEM units, andthe implementation of the knowledge base aganst the input
data to predic PEM units. Thematic input qudity on existing thematic mgps will of
necessity be quditative since fid d-testing will be problematic.

4.5.DOCUMENTATION STANDARDS

The PEM gandad will establish minimum levds of doaumentdion and meadaa
provided to evduaethe qudity for the input data, predictive procedures, and output products
of PEM. In theinitial version of the standards the evduaion may have to be quditative but
the documentation should be suffident to begin refining procedures and to goply more
guantitative rati ngs toinput and output data qudlity .



45.1. Data input

The standard will identify meta-datathat should be associated with input data such as forest
oove, taran, soil, and biogeodimae The maadaawill charadteize content, qudity, and
forma of both the thematic and spaid data

45.2. Data input quality

The standad will spedfy meadaa relaing to the determinaion of thematic and spaid
qudity and of the goplicability of the input data to PEM. The standad will dso reference
qudity assurance procedures devdoped for utilizing surrogate information to provide
quditative estimates of dataqudity inthe absance of gppropritemeta-data

453. PEM process

The gandad will spedfy the maeids necsssary to document the PEM  process in
suffident detal for the process tobe evduaed for suitahility and gpplicability. The sandad
will dso spedfy documentation of the process in suffident detal for it to be replicated,
monitored, and validated.

45.4. Analytical procedures

The standad will spedfy requirements for documentaion of and the rationale for the
andyticd procedures used in the PEM. It will require suffident detdl to evduate the
goplicability of the procedureandto replicate and validete the results.

455. Knowledge base and algorithms

The standard will spedfy documentation requirements for the knowledge base used in
knowledge-basad predictive ecosy stem magoping. The documentation will indude the logic,
procedures and assumptions to fadlitete meaningful Q/C, as wdl as the spedficaion of
entities, atributes, rule bases, belid codficints, and dgorithms used in the predicive
process. . The documentation should dso ind ude the pedigree of the KB - the existing KBs
that formed the bads of the subjedt KB, the nature of successive iteraions, correlation
procedures towhich it was subjed ...

5. PRIORITY ASSIGNMENTS

Teams have been aregted to prepare and distribute for discussion the following items by
August 15, 1999:

5.1.MAPPING CONCEPTS

A oneday workshop was held to establish standards for the definition, rationale, and
doaumentation of PEM mapping entities and map entities. Provisond mapping and map
units will be proposed for discusson. Aspeds of sedion 5.2 will be influenced by this
workshop.



5.2.RELATIONSHIP TOTEMSTANDARDS
5.2.1. PEM Data Architecture
The exiging TEM data architecture and TEM dendard for digitd data capture will be
reviewed for gpplicability toPEM gpplications. The spedfic issues of minimum oore data,
the ability to address non-stendard data, and non-forested ecosy stem data will be evduaed

and recommendations submitted. (Darren McKellar e al., John Johnson, Carmen Cadrin,
DaveClak.)

5.2.2. PEM Mapping Conventions
The exiging TEM magoping conventions will be revieved for goplicability to PEM
mapping entities, map entities, and map products. If gppropride a PEM spedfic sandad

will be aregted to be distributed indgpendently or to be gopended tothe TEM standad. (Bob
Maxwell, TedLed)

5.3.QUALITY CONTROL / QUALITY ASSURANCE

5.3.1. Input data quality
Reguired dements for documenting and evaduaing the qudity of themaic and spdid data
inputs will be prepared and distributed for discussion. In addition, a procedure to determine
the spaid qudlity of input data mgps will be prepared and distributed for discussion. (Dave
Moon, Marvin Eng, Bruce Enns, Ev Kenk)

5.3.2. Biogeoclimatic Unit scale refinement
Procedures for locdizing Biogeodimaic boundaries from smalle scdemapstothe scde of
the PEM will be devd oped, documented, and distributed for discussion. (Marvin Eng, Dd
Medinger)

5.3.3. Output data quality

A procedurefor determining overall PEM output qudity for a map will be prepared and
distributed for disoussion prior to the secondworkshop. (Del M edinger)

5.4.DOCUMENTATION /META-DATA REQUIREMENTS
Project definition (Darren M cK ellar, DaveM oon)
The PEM Process (K eith Jones)
Input Data (Dave M oon)
Knowledge base (Dave M oon)
Pradictive Algorithmsand Implementation (Dave M oon)

Quality Control / Quality Assurance (Dave M oon, Dd Mddinger)



5.5. CHANGE MANAGEMENT

55.1. Versioning and version control

A procedureand standard for version management, contral, release, and distribution will be
prepared. (Shela Jedk)

5.5.2. Change Management
A requirementsandysisand suggested proocedureto screen, assess impads, track versions,
time releases, and communicae changes to the PEM community will be prepared and
presented for review. This will follow the aurrent RIC polides for change management.
(Shdla Jeck)
5.6.CREATION OF A PROTOTYPE ARCHITECTURE TO SUPPORT THESTANDARD

A prototype architecture to organize, populde, manage and review the standard will be
aegted for useduring the second workshop. The prototype will manage the components of

the standards, thar relationships to each other, and identify the implications of changes to
oneor moreof the components. (Shela Jedk and DaveM oon)

6. APPROACH AND SCHEDULE

The devd opment of the slandards will proceed infive steges.

Stage 1 (July?)
Stage 1 consisted of atwo-day workshop to define the objectives of the standard, the issues

to be addressed, and the d ements of the ssandard needed to address the issues idantified and
meet the defined objectives.

Stage 2 (July 20)

The results of the workshop were synthesized into a spedfication for a standad that
identifies the objectives, issues addressed, strudures and fundions thet the standard must
support This report is published on the web and you are now reading it.

Stage 3 (Aug15)

Theteam assignments identifiedin Sedtion 5 - 0 - are submitted for postiing tothe web site.
Stage 4 (Sent9)

Following review of the team assgnments and thar incorpordion into the prototype

knowledge framework, a second warkshaop will be held to review and gpprove the contents
of theframework for preparationas a1* goproximation PEM standad.
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Stage 5 (Oct 1)
Decisionstaken & the secondworkshop will beincorporaed endadrat sendad aeged for

web digtribution tothe TEM and PEM communities for comment and review. The review
period will dose October 15.

Stage 6 (Nov9)
Comments andreviews recaved from the TEM and PEM communities will be evduaed

and, where gppropriate be incorporated into the proposed standard. The standard will then
be submitted to the Resour ces Inventory Committee for acogptance
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