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(Effectively Managing Data Warehouse System for Geographic Woods Information)
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Abstract A data warehouse (DW) is known to be
appropriate for strategic decision-making, since it is
based on large scale and mature database
technology that stores and analyzes data to aid
decision support. This paper introduces DW
technique, which provides an enterprise solution for
those companies that have collected a lot of
operational data over the years and need to
develop a way to turn that data into useful

information. In order to manage current and
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accurate information about woods resources, woods
organizations need to have effective decision-making
techniques. This paper effectively applies DW
modeling process, in which operational data is
re-processed, aggregated and stored in base tables,
to an integrated woods resources management
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1. Introduction

It is operated as a working forest whose ba-
sic function is to produce timber efficiently at
sustainable levels. Within this context, the pro-
duction process follows certain business rules,
which influence the type of data model that is
applied. GIS data such as vector maps and
raster images, aerial photography and other
remotely sensed data to aid in carrying vari-
ous silvicultural and harvesting functions.
These data are stored in various electronic and
hard copy formats. It was for this reason that
a decision was made to create a more modern
and centralized database that would facilitate
storage and retrieval of forest resource data
and create a resource for woods strategic plan-

ning and decisionmaking. Woods companies
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are in the business of logging and renewing
woods resources. The law obligates them to
renew the forest following harvesting through
approved forest management plans.

Within these management plans, the forest
practitioners based on specific objectives select
various operational and silvicultural options.
Forest management decisions are made on the
basis of past and future trends in timber
production.

In order to make effective strategic decisions
about forest resources management, woods or-
ganizations need to have up-to-date and accu-
rate information about their natural resources.
This includes implementing modern and cen-
tralized databases for day-to-day management
of operational resource information (timber and
non-timber) and spatial data warehouses for
analytical and decision support. Investments in
major database management and reporting
systems in woods is critical to achieving stra-
tegic goals and to making the data readily
available to decision makers.

Typically, woods companies are unable to
effectively manage their resources or utilize
their data and knowledge bases because data
are scattered across several different media in
either electronic or hard copy formats. Those
data that are in electronic format are sup-
ported by applications that may not be com-
patible and are therefore can be difficult to ac-
cess or crossteference. To compound the
problem further, several different individuals
maintain these documents in various depart-
ments of the organization and as such there is
little or no crossover of information among
departments, thus creating a very inefficient
method of data extraction, transformation and

processing.

A 2048 A 33(2004.9)

Pratt and Adamski (2000) summed up a da-
ta warehouse as containing read-only views of
extracted, highly aggregated and summarized
data from multiple internal and external sour-
ces that are refreshed periodically.

Geospatial data warehousing is a technology
that has come of age particularly in the last
decade. It differs from the traditional nonspa-
tial data warehouse in complexity in that the
former requires the integration of both the
spatial and the non-spatial components of the
data.

Historically, data warehouses were built for
and by businesses that did not have a spatial
component. Data for the data warehouse were
pooled from various sources and integrated
for analytical processing. The sources were al-
so traditional database with structured or un-
structured data.

Technological advancement particularly in
the field of geographic information systems
(GIS) that integrate both spatial and non-spa-
tial data, has led to an influx of geospatial
processing of data to yield spatial information.
The remarkable improvement of accessibility
and usefulness of spatial data, organizations
have begun to develop data warehouses that
have become integrated repositories of geo-

spatial knowledge.

2. Related Works

Confusion still exists about the meaning of
a spatial data warehouse. The meaning varies
depending on the application of the data con-
tained therein. The key concepts in the defi-
nition of the traditional data warehouse are
that data is extracted, summarized and stored

in an easily accessible electronic environment.
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Geospatial data warehouses that have crop-
ped up to store data with a spatial component
do not exactly conform to the true definition
of a data warehouse as defined by Inmon
(2002). The past trend has been to build geo-
spatial storehouses that do not have analytical
capabilities from a historic perspective.

In this paper, a data warehouse is a struc-
ture that contains all the elements four ele-
ments contained in the original definitions,
though we recognize that variations exist.
Barclay, Gray and Slutz (1999) constructed the
Microsoft TerraServer, considered the largest
public repository of spatial data consisting of
a collection of high resolution aerial, satellite
and topographic data and called a spatial data
warehouse. The TerraServer as designed can
be accessed simultaneously by thousands of
users. Although the TerraServer manages a
huge database, it differs from the classical da-
ta warehouse in one key point in that it does
not summarize data to yield new trends or
view points. Rather, it is a static collection of
spatial data that can be accessed simulta-
neously accessed by thousands of users, hence
behaving more like a spatial database than a
data warehouse.

GeoStor (Limp, 2002 and Meredith et. al
2002) is a webbased data search and delivery
distributed database architecture that supports
multiple enterprise applications in Arkansas.
The terms spatial data warehouse and spatial
database interchangeably, though their archi-
tecture strongly suggests a combination of a
spatial database and geographic data clearin-
ghouse. It is a centralized collection of geogra-
phic data with multi-user access as well as ena-
bled for data discovery, visualization, re-pro-

jection, reformatting and down.
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3. DW Modeling Approaches for Woods

Previous works related to the topics of geo-
spatial modeling by using ER take two main
approaches: (a) some either use ER or its ex-
tensions proposed for business applications to
capture spatial semantics [7] and (b) others ex-
tend ER based on the research of some spatial
characteristics [3]. Conceptual modeling is dis-
cussed in indexing in. The constraint database
approach can also be used to describe spatial
as well as spatiotemporal data.

The logical designs such as GeoRelational
Data Model (GRDM) are presented at [9, 19].
The GRDM is an extension of the relational,
based on the spatial and temporal needs at
this stage of design. It provides a language for
the definition of: (a) relations, used for non
spatial entities and relationships, b) layers,
which represent space varying attributes, c)
object classes. To capture spatiotemporal in-
formation, the concepts are transformed into
specific constructs of semantic models as an
extended relational model to accommodate the
needs of the spatial and temporal domain.

One of the fundamental mysteries and ob-
stacles in designing a generic spatiotemporal
GIS is its data model. Incorporating time and
space in GIS data models increases the com-
plexity of the data structure and has been
challenging task [15]. Application oriented
modeling will be more efficient if it is based
on a generic model.

In traditional databases, matching is a bina-
ry operation: every item either matches the
query or not [18]. Zhou et al. [22] were the
first ones to propose a framework for spatial
data OLAP. They extended the star schema to

cube dimensions in both spatial and nonspa-
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tial and the measures can be regions in space,
in addition to numerical data. They concen-
trate on the spatial dealings and suggest a
method for selecting spatial objects for
materialization. An efficient IO measure is ad-
dressed for merging spatial objects. The meth-
od is applied on aggregations for spatial
measures [22]. Vagueness with a vague graph
based on fuzzy graphs was raised in the par-
ticular context of spatial information [5].

The contributions of the current study is to
develop a spatiotemporal data warehouse
framework in respect to decision support in
enterprise woods. Based on this objective, the
goal is to design an integrating operational
and analytical data services, and to build an
operational object relational geodatabase, and
decision support data warehouse.

Data warehousing provides an enterprise
solution for those companies that have col-
lected a lot of operational data over the years
and need to develop a way to turn that data
into useful information. A data warehouse is
sophisticated technology infrastructure that

stores and analyzes data to aid decision
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support. It is the next level beyond a database.
Data warehousing is a process in which op-
erational data is re-processed, aggregated and
stored in base tables. Inmon (2002) who
coined the term data warehouse, described the
salient aspects of a data warehouse as a col-
lection of data for decision support processes
that is subject-oriented, integrated, non-volatile

and time-variant:

4. Representing Models for the Woods

At the core of the spatial data warehouse
architecture is an objectrelational database
model that manages and integrates both spa-
tial and nonspatial data. The database data
model is so design that there is a seamless
transfer of data between the database and the
data warehouse. The infrastructure of the SDB
and SDW is based on the flexible relational
database design language with an object-ori-
ented data model underpinning.

A twostep approach was followed in the
design process of the MKRF database. The

first step was the informationlevel design in

(Table 1) Description of four terms contained in the definition of data warehouse

Aspects of a data
warehouse

Explanation of terms for the Woods

Subject oriented

Data is grouped into major subject areas or entities rather than by application.

Integrated

This is the most important most important aspect. It brings disparate data into a
cohesive whole (data warehouse), even though it originated from different
departments in the organization and external sources. Data is converted,
reformatted, re sequenced, summarized etc. when it passes from operational to
data warehouse.

Non volatile

In regular database environment, data regularly accessed and updated. In data
warehouse, data loaded periodically en mass and in a snapshot fashion (historic
data). Data is read only and users cannot update data.

Time variant

Means that data in a warehouse represents snapshots and is accurate at various
points in time, ie. Sophisticated series of snapshots with historic sequence of events
or activities.
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which the conceptual design was developed
independent of a particular DBMS that will be
ultimately used. In the second step, which is
called the physicallevel design, the conceptual
design was transformed into a logical and
physical design.

The building blocks of the DB are object and
methods. In the woods sector, the object could
be a forest cover polygon or cutblock. The
methods are the actions or activities that can
be imposed upon the object. The objects and
the methods are connected together through a

series of relationships (see Figures 1, 2, and 3).

(Fig 1) Generic Model for Forestry DW
Approach

MapObject
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5. Implementation of DW model

With the same generic data model, we can
generate woods management points of view
based on activity options such as harvesting a
cutblock, and prescribing management activ-
ities to rehabilitate the harvest unit, such as a
planting a desired tree species, and conducting
plant growth surveys.

Silviculture Management Activities allow for
the planning and creation of silviculture pre-
scriptions and tracking silviculture manage-
ment activities at the cutblock or strata level.

This module is linked to cutblock and strata

(Fig 2) Map interface of the DW model
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(Fig 3) A Map Schema of Spatial Objects
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map layers. An illustration of a generic model
on silviculture prescription activity is given in
Fig 3. In the model, all the dimension factors

are engaged in the instances.

Time
TimelD
StartTime
EndTime Contractor

ContractorlD

Name
Address

SilviculturePrescriptions
TimelD (FK)
ContractorlD (FK)
AcitivityID (FK)
CutblockID (FK)
TreelD (FK)

Cutblock
CutblockID

CutblockName
Description

Planting Activties
AcitivitylD
ActivityName
Description
Classifi

SpacingDensity
PlantingCost
StockType

TreeSpecies
TreelD

TreeName
Description

Growth Regirements
Image

(Fig 4  Modeling for  Silviculture

ment Activity

Manage-

Timber Production Activities - this module is
used to track actual results of harvested logs
from cutblocks. The Timber Production
Activities module also allows for the manage-
ment and tracking of actual logs from the
point of harvest through to delivery at a mill.
This involves activities related to contractors,
falling and hauling of logs and receipting
scaled trucks at a log inventory location, and

management of inventory.

Harvesting Activities - aid in the preharvest
activities, proposed and approved cutblock
forecast and in the logging and delivery
schedule planning. Shorterterm planning such
as the creation of logging and hauling plans,
the monitoring of annual cut statistics for cut

control management and the capture of in-

ventory attribute and spatial data over time
(broad-based, cruise, estimates, production) for

the control of inventory.

Maintenance Activities - This module monitors
the planning and implementation of pre- and
post-planting activities in cutblocks. It allows for
the creation, maintenance, digitizing of cutblocks
and strata objects. It includes the management
functionality for all cutblock activities.

Surveys - These surveys monitor inventories
of timber from preharvest to postplanting
levels. The surveys range in size from mi-
croscale (sub-management unit level) to a
macro-scale whole licensed area. Survey meth-
ods utilize various techniques and tools, in-
clude remotely sensed and photogrammetry

methods to field data collection scale.

Road Management Activities - provides mech-
anism for managing forest access and related
activities. The module allows for the creation
and maintenance of roads and road structures.
It includes tracking and reporting of road con-
struction, inspections, maintenance, deactiva-
tion and access control activities, as well as

map display of roads.

6. Conclusion

The DW Modeling is considered an archi-
tectural framework for the Woods domain.
Henceforth the model can maintain both cur-
rent and historical data and it is scalable to
handle a sheer volume of data that may be
collected from various data sources and users.
Maintaining both current and historic data in
the same database structure requires a non-

conventional spatially enabled objectrelational
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data warehouse that integrates spatial, tempo-
ral, and relational objects.

In this paper, we have developed a generic
model for woods management that can be ap-
plied to different management operations. The
model has a fact table with five dimensions.
Using the generic model, an interface has been
developed that creates links to spatial, temporal
and relational operators. This interface is simple
and yet powerful enough to organize and main-
tain the integrity of the data in the Woods data.
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