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EXECUTIVE SUMMARY

The purpose of this literature review and subsequent proposals is to establish a common
understanding of soil mapping in Alberta in relation to other mapping options that may be
available to produce soil map products for identified users in a time efficient manner.

Soil mapping has been an ongoing activity in Alberta since the early 1920's and has been
conducted through cooperation between the Federal and Provincial Governments.
Financial support for mapping in Alberta has declined from both levels of government
over the past several years and continuation of the program has been subject to
considerable discussion.

This document is a detailed review of the literature relating to mapping systems (Section
IT) leading to: a discussion of mapping system options and options for comparing
mapping systems (Section III); a rationale for selection of mapping systems and
evaluation / comparison options (Section IV); and then a series of proposals to produce
and compare map products (Section V).

One mapping system was proposed for implementation in the 1992/93 fiscal year. The
top down approach to mapping was deemed most likely to meet all of the criteria as
discussed in Section IV. The extrapolatory mapping option (option 4) was used in the
1991/92 field season in conjunction with the County of Forty Mile soil survey and it was
proposed that this mapping system be evaluated and compared to SIL3 1:50 000
mapping. Two map comparison techniques were proposed for implementation in the
1992/93 fiscal year. These techniques will be used to compare extrapolatory and top
down mapping to SIL3 1:50 000 mapping.

xii



BACKGROUND
- R.W. Howitt

LA. INTRODUCTION

This document reviews soil mapping systems and proposes revised mapping systems to
enhance the production of soil survey products for users of soil information. This
document was prepared under the auspices of a Memorandum of Agreement between
Agriculture Canada and the Alberta Research Council.

Soil surveys have been conducted in Alberta over the past 15 years at a scale of 1:50 000
as defined by Survey Intensity Level (SIL) 3 standards (Mapping Systems Working
Group (MSWG) 1981). The SIL3 1:50 000 program evolved as a result of the
recognition of the necessity to update older map products for current needs in decision
support. The standards by which the SIL3 1:50 000 mapping was conducted were
defined in terms of specific characteristics of the soil survey process (procedure intensity,
method of field inspection, publication scale, taxonomy, rate of progress and typical
survey objectives) (MSWG Table 2. 1981). These characteristics defined each SIL in
terms of the physical effort required to make a soil map.

In Alberta, the SIL3 1:50 000 mapping standard requires approximately 10 person days
of field effort per township, limits progress to approximately 10 townships per field party
per year and results in costs ranging from $13,500 to $18,000 per township mapped. An
estimate developed for the Alberta Coordinating Committee for Soil and Land Inventory
(ACCSLI) in 1989 would see an increased effort in soil survey, resulting in the
completion of the SIL3 1:50 000 mapping program for the settled area of the province in
15 years at a cost of 62 million dollars. The Federal Government has stated that field
mapping is no longer part of its program (ECSS meetings 1990) and the Provincial
Government, while supporting the SIL3 1:50 000 field mapping program, is not prepared
to increase its financial commitment to the program at this time.

LB. PROBLEM DEFINITION

Agencies involved in soil survey have concluded that neither continuing at the present
rate of soil map production nor increasing the effort to produce soil maps are viable
options given the current fiscal realities. Coupled with resource limitations, there is an
increased demand by municipalities for soils information for the soil conservation
program and for farmland assessment programs. Six requests for soil survey were



reviewed and prioritized by ACCSLI in the fall of 1989 and several more requests have
been received since that time. The demand for soil information and the slow pace at
which soil mapping can be provided necessitated a review of soil mapping and soil
inventory products for decision support.

The concept of mapping faster and with fewer field inspections has been discussed
informally and at great length in Alberta over the past 10 years but little progress has
been made in this area. Mapping evolved into a process defined by the number of
observations per unit area as compared to developing and testing hypotheses about
landscape systems.

The purpose of this document is to review alternate approaches to the production of soil
inventory products and to propose an effective mapping system for the Province that will
result in the production and dissemination of soil information products in a short turn
around time. The proposed mapping systems would increase the rate of progress of
providing soil inventory products to the user audience. The proposed mapping systems
are designed to reduce the cost of field mapping, to increase the efficiency of mapping
and to produce map products targeted for specific uses i.e. farmland assessment, soil
conservation planning, and rangeland management to mention only a few. Two mapping
systems were presented in the form of work plans for the Forty Mile and Rocky View
projects (Howitt, pers. comm., (memo) July 17, 1992 ). A third mapping system
involving the interpretation of existing surficial material and soil information, aerial
photo interpretation and representation of the data using current terminology and
technology has been discussed. This third approach involves limited field inspection.
Each mapping system is discussed at some length in this document in light of other
possible approaches.

Each mapping system will be compared to the SIL3 1:50 000 mapping standard in terms
of accuracy, precision, utility and cost of production. The issue of comparing map
products for specific uses is addressed in that information needs, which are required for
decision making by different users, are variable.

I.C. REFERENCES

Mapping Systems Working Group (MSWG). 1981. A soil mapping system for Canada:
revised. Land Resource Research Institute, Contribution No. 142. (presently Centre
for Land and Biological Resources Research - CLBRR) Agriculture Canada, Ottawa,
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PART 1:
LITERATURE REVIEW

INTRODUCTION

This literature review is intended to review existing published material on soil mapping
systems in Canada and elsewhere. There are 6 major sections designed to review the soil
mapping, user needs, traditional mapping, SIL3 1:50 000 mapping in Alberta, new and
non-traditional mapping techniques, techniques for evaluating mapping and finally
sampling strategies for mapping and map comparison.

II.A. THE PURPOSE OF SOIL MAPPING
- R.A. MacMillan

A.i. Introduction

The following section presents a discussion of the purpose of soil survey. It addresses the
questions of why we make soil surveys, what we are trying to do when we make them
and how we may measure if we have been successful in accomplishing our goals. It
investigates both the institutional and technical objectives of soil surveys and discusses
how to judge whether these are met by current soil surveys.

Two reasons have been advanced in support of the production of soil surveys. The first is
institutional in nature and justifies soil survey in terms of the provision of decision
support products to identified users. The second is technical in nature and presents an
argument that the purpose of soil survey is to produce maps that partition the landscape
into repeating units that, when described, assist users in making judgements about the
potential uses or limitations of the mapped soils.

Two assertions about soil survey have been repeated so often that they have become
operational paradigms. The first paradigm of soil survey is that the production of soil
maps is not an end in itself but rather is undertaken to provide information in support of
societal needs and objectives. The second paradigm is that ihe purpose of soil survey is
to divide the landscape into repeatable landform units that contain a less variable
assemblage of soils and soil properties than the landscape as a whole.



A.ii. Institutional Objectives and Rationale for Soil Surveys

The purpose of soil survey, from an institutional point of view, is to support the needs of
users with reliable information about soil and land resources that will help them to
manage or make decisions about use of the land. In Canada, the most important part of a
soil survey plan is a clear statement of its objectives (Expert Committee on Soil Survey
(ECSS) 1987). Itis recognized that "the objectives of a soil survey will govern how a
map is made", including specification of "the differentiating criteria for map units, the
smallest area to be mapped, the type of legend, the survey inspection density and the
publication scale" (Mapping Systems Working Group (MSWG) 1981).

Similarly, in the United States, it has been repeatedly emphasized that "you should not
make a soil survey without knowing why you are doing it" and that "you must design
your legend so that when a map is completed you are able to make the important
interpretations that are needed for the use for which the soil is apt to be put" (Smith
1986).

Soil inventory agencies have explicit procedures to ensure that the design and planning of
inventory programs produce the information required to fulfill the identified program
objectives. In Canada, the procedures for planning and implementing a soil survey
(Figure 2.1) specified in the Soil Survey Handbook (ECSS 1987) are followed by most
soil survey agencies.

Internationally, the FAO framework for land evaluation (FAO 1976; Beek 1978) defines
the most widely used procedure for identifying the land evaluations required of a soil
survey and the land qualities on which the land evaluations are to be based. The creation
of "matching tables" (Burrough 1989) is used to establish a link between the land
qualities required to make evaluations and the land characteristics measured and recorded
during the soil inventory.

Coulombe et al. (1981) provide an excellent conceptual analysis of the procedures and
feedback loops (Figure 2.2) involved in the specification of inventory objectives and the
design of appropriate soil surveys. Design specifications are based on legal mandates and
program needs. Final designs are tempered by considerations imposed by existing theory
and data and limitations imposed by available technoiogies. The design phase follows a
succession from evaluation to characterization to inventory to classification. The intent is
to define the evaluation products first, then the characterizations (land qualities) required
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to do the evaluations, then the inventory product (land characteristics) required to
estimate the land qualities. The final step is to define the classification procedures
needed to support the inventory. In the application phase, the sequence is reversed so that
classification of sites in the field is used to produce the inventory product (map) which
supplies the characterization data on which the required evaluations are based.

Aiii. Technical / Scientific Objectives and Rationale for Soil Survey

Stated simply, the technical objective of soil survey is "to make a soil map" (ECSS 1987).
The practical objective (ECSS 1987) is to produce a map which is a pictorial, two
dimensional representation of our understanding of soil distribution across the areal
extent of a three dimensional landscape (Coen 1983).

The function of soil maps is to "show the distribution of kinds of soils so that the
knowledge gained in one locality about the usefulness or behavior of a kind of soil may
be extended to other bodies of the same soil elsewhere" (Simonson 1971).

The process of making a soil map involves "the identification, description and delineation
on a map of the different types of soil, based on direct field observations or on indirect
inferences from such sources as aerial photographs" (MSWG 1981). This process
involves two principal activities (MSWG 1981) namely:
a) the classification of the complete range of soil characteristics within the
survey area into a limited number of classes (soils), followed by;
b) the delineation of areas (map units) where these classes occur.

The activity of classifying soils produces a listing, or inventory, of the major kinds of
soils in a given area together with a description of their principal characteristics. This
listing does not require a spatial component (i.e. a map) in order to be useful. Many
questions asked of soil survey information simply require knowledge of the kinds and
relative extent of different soils in an area and not their absolute location.

The activity of outlining delineations of different kinds of soil produces the map which
provides a spatial representation of the location and extent of the various kinds of soil
identified during the classification stage. A delineation is an individual area of soil
outlined on a map and differentiated from surrounding areas. A map unit is the sum of all
delineations that have been identified as similar and given the same name or identifying
label. Map units represent real portions of the soil landscape (ECSS 1981) but are
described according to the aggregate or generalized characteristics of all delineations



identified as comprising a given map unit (ECSS 1981). Thus, although map units
describe real portions of the landscape, most map units are conceptual entities because
"their total range of properties is made up of the aggregate of all their component
delineations, and no one delineation will contain the full range of properties" described
for the unit (ECSS 1981).

The major assumption implicit in the creation of soil delineations or "map units" is that
each delineation represents an area of land that differs from the surrounding landscape
area in some clearly recognizable fashion that is judged to be important relative to the use
or interpretations for which the map is being made.

A.iv. The Concept of Partitioning and Limiting Soil Variability in Soil Survey

The requirement that areas delineated on a soil map should be different in some
meaningful manner has consistently been extended to embrace the notion that each
delineated area should contain a more narrow range of soil types and soil conditions than
the landscape as a whole (Forbes et al. 1985). Thus, Beckett and Webster (1971) argued
that since the purpose of soil surveys was to "resolve the whole landscape into areas,
blocks or parcels that can be managed uniformly" this required the definition of map units
"in which (it is hoped) the soil is less variable than in the larger landscape”. Arnold
(1979b) argued that the basic premise of creating map delineations was to define areas in
which the variance (of soil properties) within the delineated map unit was less than the
variance within the population of soils as a whole. He compared this activity to the
statistical concept of partitioning of variance.

This assumption of minimized variation within map units is pervasive and is implicit in
the definition of soil map units in Canada. The Canadian system of soil mapping advises
that "insofar as possible, at any given scale, the range of properties of the map unit should
allow the entire unit to be treated the same for the kinds of management indicated by the
purpose of the survey” (MSWG 1981). This leads to a definition of map units as
"mappable portions of the soil landscape that together have attributes varying within
more or less narrow limits" such that a "map unit contains predominantly one or more
than one soil or non soil mapping individual plus an uncertain proportion of unnamed and
undescribed inclusions" (MSWG 1981). A less restrictive definition requires only that
map units be bodies of soil that can be recognized as natural units that can be identified
and delineated on maps and described in terms of defined kinds of included soils (ECSS
1987).
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In practice, it is not always possible to base the definition of map units on the concept of
minimizing variability within the defined map unit. Field soil surveyors often find it
necessary to delineate and describe areas possessing a high degree of local variability in
soil composition and soil properties in order to isolate these highly variable areas from
other delineations with a more restricted range of soils and soil properties. Thus, some
map units may be defined as highly variable in order to permit adjacent map units
characterized by low internal variability to be defined. Regardless of the degree of
variability contained in an area, the resultant map unit is named for its principal
component soils and described in terms of the properties of these components, their
relative proportions and other external land attributes (MSWG 1981).

A.v. Sub-division and Agglomeration in Soil Survey

The actual delineation on a map of areas of defined and minimized soil variability is
accomplished by applying one or both of the procedures of sub- division or
agglomeration (Figure 2.3) to the area of interest (MSWG 1981).

Sub-division involves a top-down partitioning of the landscape into smaller areas
assumed to possess a more limited range of soils and soil properties using criteria that are
known to influence the distribution of soils and related properties in the landscape.
Agglomeration involves a bottom-up grouping of observations and site classifications
into coherent spatial entities that possess a relatively consistent and uniform assemblage
of soils and soil properties (MSWG 1981).

Sub-division

Sub-division is the most common approach used to define map delineations in soil survey
(MSWG 1981). In Canada, the term stratification has been applied when sub-divisions
are formally incorporated into the design and presentation of map legends (MSWG

1981). Stratification is "the orderly sub-division of the survey area on the basis of criteria
that will form primary separations between groups of soils" (MSWG 1981.
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Typically, the criteria used to stratify the landscape reflect the current state of knowledge
about the spatial pattern displayed by the principal soil forming factors (Jenny 1946) and
soil forming processes for the area in question. The factors of soil formation are (1)
climate, (2) vegetation, (3) parent material, (4) topography (including drainage) and (5)
time (Jenny 1946). These factors have long been observed to exert different degrees of
influence over different distances and scales (Amold 1979a). For example, the influence
of climate on soil formation is strongest at a regional scale measured in terms of tens to
hundreds of kilometers. Vegetation influences act predominantly at a regional scale (i.e.
forest versus grassland) but also affect soil formation at a local scale (tens to hundreds of
meters) primarily in response to changes in vegetation caused by changes in aspect
(climate) and topographic position (drainage). The major changes in parent material
composition typically occur at an intermediate scale (hundreds to thousands of metres)
and are associated with changes in mode of geological deposition (i.e. change from
upland till plains to glaciolacustrine basins). Short range variation in composition of the
parent material and its influence on soil properties is generally associated with local
changes in topography that influence the redistribution of material by water under the
influence of gravity. Topography influences climate and vegetation at a regional scale
through major changes in elevation, and at a local scale through changes in aspect and
drainage position. Topography has the strongest and most obvious influence on patterns
of soil distribution at a local scale of tens to hundreds of metres. Recognition of
topographic controls on the distribution of various type of soils forms the basis for most
soil surveyors' models of soil-landscape relationships.

The scientific basis of soil mapping by means of sub-division is that the locations of soils
on the landscape have a degree of predictability (Miller et al. 1980). This predictability is
based on an understanding of how the various factors and processes of soil formation
influence the development and distribution of different types of soil in various locations
in the landscape. Soil surveyors build conceptual models of soil-landscape associations
which are subjected to testing through field observation and sampling (Miller et al. 1980).
If field observations confirm the validity of these models, they can be used to construct
descriptions for map units which are then applied to similar landscape features.

Application of techniques of sub-division to produce soil maps involves an explicit
recognition of the existence of a hierarchy of controls on the factors influencing the
distribution of soils and on the resultant distribution of the soils themselves. Imposition
of a hierarchical system for stratification of soil areas based on scientific principals and
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knowledge produces a more orderly arrangement of soil delineations and a more useful

context for the resultant set of map units.
Agglomeration

Agglomeration is a less common procedure for delineating areas of similar soil and
producing soil maps. It is used most often at larger scales for mapping small areas that
lack clearly apparent soil-landform relationships or other external clues to the factors
controlling the distribution of soils. In this approach, closely spaced inspections are
recorded and similar inspection sites are grouped to create delineations consisting of all
contiguous sites of similar soil (MSWG 1981). The delineated areas are then described in
terms of the suite of individual soils grouped within them.

A.vi.  Accuracy and Precision in Delineating and Describing Soil Map Units

Accuracy in soil survey has been defined as "the closeness with which the information
conveyed in a soil map, legend and report conforms to the actual or "true" soil conditions
in the field (MSWG 1981). The same meaning has been attached to the terms "thematic
reliability”, "reliability", and "purity" of map units (Amold 1979a; MSWG 1981).

The term precision, as it applies to soil survey, has generally been less consistently
defined and understood. In Canada, the official definition of precision for soil survey is
“the closeness with which individual pedons from one soil (or individual exposures and
sites within a map unit) resemble one another" (MSWG 1981). In an amplification of the
initial definition precision is considered to be a measure of "how closely repeated
observations of a soil or map unit characteristic conform to the mean value of that
characteristic for the soil or map unit" (MSWG 1981). This is much closer in meaning to
the more general definition of precision given by Forbes et al. (1985) as "the repeatability
of a measurement, often expressed as the ratio of the standard deviation of a measurement

to its mean".

In actual use, the term precision is most often applied to describe the specificity or
exactness with which map units or soils are described. Examples of such usage include
statements such as "precision is an expression of the range of a soil or map unit" (MSWG
1981) and "professionals wanting precise information on a large scale map will not be
served best by the same legend as one on a small scale map intended for non-technical
users" (MSWG 1981). Moon et al. (1987) observed that "if the number and precision of
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classes being used is higher than that required to meet interpretive needs, then we may
argue that the soils are being too narrowly defined".

Forbes et al. (1985) defined specificity of a map unit as "the degree to which the map unit
name, description, or interpretation give information which makes it possible to predict
the performance of the land". Given the fuzziness surrounding usage of the term
precision, it is proposed that specificity be used in preference to precision to describe the
exactness with which soils or map units are described. As an example, a soil map unit
might be described with a low degree of specificity as having a range in texture from fine
sandy loam to clay loam. A higher degree of specificity (precision) would be attached to
a description of the same area as having a percent clay content of 33-36% and percent
sand of 23-28%. Similarly a map unit might be described with low specificity as being
comprised of "mostly"” soil A with "inclusions" of soil B or with high specificity as being
composed of 67-74% soil A and 26-33% soil B.

The number and kinds of interpretations or evaluations for which a soil map is to be used
exercise a significant influence on the precision and accuracy that the soil map must
achieve with respect to the delineation and description of map units. It has been widely
accepted that, since map units are the basic interpretive element of soil surveys, "the
success of transmitting information contained on a map and of predicting likely soil
behavior based on the map is determined by the reliability of the map unit descriptions”
(Miller et al. 1980). Similarly, the degree of detail, or specificity (Forbes et al. 1985),
with which the composition and properties of the map unit are described will determine
how useful the map units are for making the required interpretations.

In the Canadian system of soil mapping, it is recognized that different purposes and
scales of soil survey require different levels of precision in the definition of their map
units. For example, "if a very large area is to be mapped for regional planning at intensity
level 4, class ranges of relevant criteria must be broad" while "on the other hand, in a
level 2 survey for corn production over a more limited area, the class ranges would have
to be more precise and more criteria directly relevant to corn production would have to be
considered" (MSWG 1981).
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A.vii. Assessing the Utility or Success of Soil Survey Products

Users of soil survey information typically want answers to several different types of
questions, some with a spatial component and some without. In general, the principal
types of questions asked of soil surveys are:
a) Non spatial questions: questions for which there is no requirement to know the
actual location of any soil or the type of soil for any location. For example:
1) What are the various types of soils in the area and what are their
properties?
ii) How much of the total mapped area is soil A?
iii) = How many soils in the area are affected by problem Y?

b) Site specific questions: questions for which there is a requirement to know the
actual type of soil or value of a soil property for a specific location. For
example:

1) What kind of soil is found at location X?

ii) What are the properties of soil A at location X?

ili) ~ What are the problems or limitations of soil A at location X with
- respect to some desired use?

c) Attribute specific questions: questions for which there is a requirement to
know all of the locations where a certain soil or set of soil conditions may be
found. For example:

i) Where are all of the locations within the mapped area where soil A
may be found?

ii) Where are all of the locations in the mapped area with soils having a
given set of soil properties?

iii) =~ Where are all of the locations within the mapped area where the
soil is suitable for a specific use Z?

The utility of any given soil survey product is measured by the success with which it is
able to answer each of the sets of questions outlined above.

All soil surveys supply the following elements which are used to address one or more of
the sets of questions outlined above:
a) A soil identification legend which lists all of the major kinds of soil
encountered in the map area and describes the properties and classification of
each.
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b) A map unit descriptive legend which provides a generalized description of the
areas of land that have been delineated on the map, the mix of soils located
within these delineations and the relative extent and soil-landscape position (if
relevant) of each or these soils within the delineated area.

¢) A soil map which illustrates the spatial distribution of the map units within the
mapped area.

d) An interpretive legend which evaluates the various soils and map units in
terms of the uses for which the inventory was designed.

Non spatial questions do not require reference to a soil map and may be adequately
answered by simply consulting a) the soil identification legend or b) the map unit
descriptive legend.

Site specific questions often require detailed knowledge of the kinds of soil found in a
specific area and the exact location of each kind of soil. These questions require use of a
soil map, usually the more detailed the better. In the absence of a detailed soil map, a
comprehensive map unit legend may prove useful to efforts to enhance the existing, lower
resolution, soil map. A detailed legend, used in conjunction with a low resolution soil
map, can provide the information required to locate and delineate the individual soils
identified for a particular site at a greater level of detail than presented on the original

map.

Attribute specific questions require both a soil map and a comprehensive legend.
Questions of the type c) (i.e. where are all the locations where the soil has property Y) are
most often germain to regional studies or evaluations. In these types of studies, it is often
not essential to know the exact locations of small bodies of soil. It is more likely that the
desired goal is to illustrate the general regional pattern of distribution of certain soil types
or soil problems. These kinds of questions are less likely to require detailed soil maps.
Too much detail may even hamper effective use for regional evaluations.

A.viii. Summary

In summary, soil survey maps and related products are produced to provide information
to support informed decision making for clearly identified uses. The inventory process
results in the creation of more than just a map. It also produces an itemized listing and
description of the major types of soil in an area, a map legend and a series of
interpretations for each soil or map unit. The soil name list provides a convenient
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framework for the sharing of information and knowledge about the main soils in the area
and supports further efforts to improve on the soil information base for a given area. The
map legend captures the knowledge and expertise of the surveyors about how the various
soils are arranged on the landscape relative to one another and to controlling factors such
as landscape position, climate, vegetative cover and internal or external drainage. The
map unit legend can also be invaluable in supporting further efforts to enhance the initial
soils data base. The interpretive legends provide a summary of the existing state of
knowledge about the suitability or limitations of different soils and landscape patterns for
various uses and of the procedures, or algorithms, by which soils and land are judged
suitable or non suitable for a particular use. Finally, the soil maps provide a
representation of the distribution of the various kinds of soil throughout the mapped area.
The soil delineations and map units are described in the most precise terms possible given
the objectives and scale of the survey. Efforts are made to ensure that map units contain
the most narrow range of soils and soil properties possible and that the descriptions of
map units are as reliable (accurate) as possible.
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ILB. SOIL SURVEY PRODUCTS AND USERS IN ALBERTA
- W.L. Nikiforuk

B.i. Introduction

The objective of soil survey is to provide understandable, accurate and precise
information to people who need to understand and use soils as they occur in the landscape
(Brown 1985). Surveys must be broad in scope, dynamic and responsive to user needs.
Surveys have changed over time with the advancements in soil science and with
increasing numbers of purposes for which they are used (Soil Survey Staff 1975). The
uses of the information have changed from interpretations about farming, grazing and
forestry to include non-farm activities (recreational, engineering, pipelines, mines, and so

on).

The chapter is divided into 4 sections. The first section provides information on the
history of soil survey in Alberta. The second section examines report and map products
that have been produced since the initiation of surveys (including current products). The
third section reviews the types of users and their survey needs. The last section provides a
summary of the chapter.

B.ii. History of Soil Survey in Alberta

The history of soil survey in Alberta has been well documented by Bowser (1965),
McKeague and Stobbe (1978) and more recently by Nikiforuk (in prep) (Appendix A).

Soil surveys in Alberta were initiated in 1920 by Dr. Frank A. Wyatt of the Department
of Soils at the University of Alberta (Bowser 1965). The purpose of the first survey
project was to delineate the province into broad soil - climatic zones. This project was
completed in 1925 (Bowser 1965; McKeague and Stobbe 1978). Since then, this map has
been revised and updated (Alberta Institute of Pedology 1967) based on new information
and knowledge of the soils and landforms of the province.

Early soil surveys were conducted in response to government concerns related to the
threat of wind erosion of soils and abandonment of farmsteads in southern Alberta.
These surveys illustrated differences in soil texture across southern Alberta and provided
soil interpretations related to issues of soil fertility and management of soils susceptible
to wind erosion. During the period 1922 to 1926, over 2.8 million hectares were
surveyed in the southern portion of the province (Bowser 1965; McKeague and Stobbe
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1978). The work was financed by the University of Alberta and the provincial
Department of Agriculture. Later soil surveys incorporated soil taxonomy and a field
classification system that evolved as a function of field mapping and theoretical
knowledge of soil genesis.

In 1945, representatives from all survey units in Canada met for the first time to exchange
ideas, unify survey and soil classification methods and evaluate the work that had been
completed to that time (Bowser 1965; McKeague and Stobbe 1978). One of the
highlights of this meeting was a proposal for a field classification system of soils for
Canada. The system had seven categories; soil region; soil zone; soil subzone;
association or catena; soil series, members or associates; soil class or type; and soil phase.
The classes within the categories were real bodies in the landscape that included all the
soil variability within an area. The system was not intended to be a scientific or
taxonomic one in which the classes had a defined range of properties (McKeague and
Stobbe 1978). Rather it was intended to be a system for classifying and naming soil
mapping units in the field. The soil series was adopted as the basic unit of classification.

The Alberta Research Council revitalized the soil survey in 1945 and continued with
work in the northern portion of the province. The purpose was to update the work done
between 1928 to 1931 and to continue the evaluation of lands relative to their suitability
for arable agriculture (Bowser 1965). Soils maps were produced at 1:190 000 using the
soil series names listed according to their predominance in the map areas that they
occupied. The series were recognized on the basis of uniformity of soil zone, parent
material, surface texture, drainage, landscape position and some profile characteristics.

In 1955, the first Canadian taxonomic system of soil classification was outlined
(McKeague and Stobbe 1978). This was a significant period for soil survey because soil
series were recognized on the basis of observable physical properties. The term soil
series was redefined from being a field entity to being part of the soil taxonomic system
for Canada.

- During the period 1955 through 1975, the majority of soil surveys in Alberta were
conducted and published at a scale of 1:126 000. Map legends were uncontrolled, in that
any combination of soil series was used to describe polygons on the map. More than one
line in the legend has to be consulted to gain information about delineations that contain
more than one soil (Mapping Systems Working Group MSWG) 1981).
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During the late 1960's the Alberta Soil Survey began investigating what scale of mapping
would be appropriate for the resurvey of the province. The County of Two Hills was
mapped at a scale of 1:31 000 to determine if this scale was suitable and feasible. Upon
completion of mapping the 1:31 000 scale was deemed inappropriate because of the
length of time and effort required to conduct the survey (Agriculture Canada, Research
Branch 1975). As a consequence a decision was made to map Alberta municipalities at
1:50 000. This scale was appropriate because the information content of soil surveys was
maximized while the resource requirements to complete surveys was minimized.

During the mid 1980's reconnaissance surveys became a cooperative effort between
Agriculture Canada and the Alberta Research Council. The federal soil survey unit also
continued to map soils in the southern portion of the province. In 1989, field mapping
was discontinued by the Federal unit. The Alberta Research Council continues to map
municipalities at a scale of 1:50 000 as defined by SIL3 standards. To date 11
municipalities have been completed or are currently being surveyed at 1:50 000
(Agriculture Canada 1990). Eight formal requests for soil survey from Alberta
municipalities remain unfulfilled because of the limited resource available to provide
SIL3 1:50 000 mapping.

B.iii. Survey Products

Over the 70 or so years of soil survey in Alberta a variety of products have been
published for public use. Soil survey reports have had the same basic format since their
inception. The most common product is a soil survey report with a map of the area of
interest. Earlier reports were not technical and tended to be user friendly for the non-soil
scientist. In 1945, a standard soil survey report format was proposed and adopted
(Stobbe 1945). This format has remained constant with only minor revisions to the

contents.

The format of the reports and maps has been fairly standard for each of the time periods
when mapping took place. The format of maps has evolved from colour maps on NTS
base maps to soil maps on an uncontrolled photo mosaics base, to black and white maps
on the NTS base map. The content and format of soil survey reports has also evolved
over time. Further, the basic classification system for soils and the way soil series /
associations are described and represented have changed as well.
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Characterization of Soil Landscapes in Soil Survey Products

Early soil survey maps were based on a numbering system which was generic for the
maps produced at the time. Number codes were used for soil zone, parent material and
mode of soil development. Colours were used to identify texture differentiation and cross
hatching was used to represent topography classes. These maps are outdated by todays
mapping standards. The information contained in these maps is still valuable to soil
survey users, however a trained pedologist may be needed to translate this data into
modern terminology.

Later maps used soil series designations, colours and cross hatching to describe soil and
landscape models. These models were not always clearly described and documented in
the soil survey reports but were used consistently during mapping and map production.
These later maps also used an open legend concept wherein any combination of soil
series could be used to describe a single polygon. Each series was described in the map
legend but the model of the soil / landscape was not conveyed in the legend or report.

Current soil survey products use a closed legend model wherein soil and landscape
models are explicitly described and are based on theoretical and empirical data on soil
and landform development. These legends use a combination of a soil series code and a
number modifier to characterize map units. Closed legends have all unique combinations
of soils, phases and topography listed and described in the legend. Current thinking is
that the closed legend is superior to the open legend because the soil / landscape models
are explicitly described for the user and the concept of repeating soil landscape units is
reinforced.

Many maps were published with uncontrolled legends in which soil associations were
used to characterize soil landscapes. The soil association was defined as a group of
"closely interrelated soil series developed on similar parent materials and under
essentially same climates" (Dumanski et al. 1972). The soil associations were a
combination of map units. Therefore it was possible for a single map delineation to
contain as many as nine named soil series; however, proportions of the series which
occupy a single map unit were not defined. The concept of using soil series to describe
soil / landscapes followed the concept of soil associations.

" Some confusion exists as the result of the use of soil series as the basic unit for soil
mapping. In the last 70 years the term soil series has had several meanings. During the
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1920's the term referred to a land or field unit. It was analogous to a geological formation
(Agriculture Canada Expert Committee on Soil Survey 1987). Between 1935 to 1945 the
concept of soil series referred to a combination of soil zone, mode of deposition of parent
material and profile variation (Wyatt et al. 1938). Odynsky and Newton (1950) defined
soil series as the individual soils which make up a soil catena. During this time a soil
catena was defined as a group of soils developed on similar parent materials. The soil
series were defined as "a result of a variety of local environmental factors that affect
drainage, temperature, moisture relationships, vegetation and give rise to differences in
colour, depth and structure of the profile" (Odynsky and Newton 1950). After the
development of a formalized soil classification system, soil series became a taxonomic
rather than a field unit. The series is presently defined as a conceptual entity that has
defined limits. "The link between the conceptual entity, soil series, and real bodies of soil
is the pedon" (Agriculture Canada Expert Committee on Soil Survey 1987).

Because the taxonomic system and the concept of the soil series have changed over the
last 70 years, some series established prior to the development of the present
classification system include pedons that may belong to different subgroups, great groups
or orders. For example, the Codesa soil series has been classified in different soil survey
reports as an Orthic Gray Luvisol, a Brunisolic Gray Luvisol, an Eluviated Eutric
Brunisol and a Cutanic Podzo Regosol.

Other series were representative of a particular landscape position. For example Navarre
(meadow) soils were found in depressional areas of the landscape and classified as Orthic
Humic Gleysols. In contrast, Navarre soils were found in upland positions and classified
as Orthic Black Chernozemic. Navarre (meadow) soils have been renamed and are now
Haight soils.

The effect that these kinds of changes have on the continuity of characterization of soil
landscapes in soil survey reports is considered to be confusing. This is particularly true
for users of soil survey data who do not-have a significant amount of training or
background in soil survey (which includes most of todays' users). There are common
threads in how soil landscapes are characterized in soil survey reports over time but
considerable expertise is necessary to identify and explain the common characteristics.
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Modern Soil Survey Products

Since the early 1970's there have been changes in the method of presentation of soil
survey information. The production of coloured maps was discontinued in favour of
black and white aerial photo mosaic maps (Two Hills, Beaver, Warner for example). Air
photos were utilized as the base for soil maps until the mid 1980's. This base was well
liked by the user community because of the ease of identifying one's location on the soil
map and the easy recognition of geographic features. The advent of computer systems
resulted in a change from the air photo mosaic base to a more stable National
Topographic System (NTS) base. The NTS base was required so that the soil information
could be geo-referenced to real world coordinates. In addition to being a stable base for
digitizing, this product was also inexpensive to reproduce.

The most recent development in soil survey products is the provision of electronic soil
information. The Soil Inventory Database for Management and Planning (SIDMAP) data
base was developed in the late 1970's and is a quarter section, gridded system. For each
of the 515,000 quarter sections in the database there is a listing of the dominant and
subdominant soils, topography, soil classification, soil texture and a variety of other soil
properties. SIDMAP is considered to be accurate at a scale of 1:250 000 and is therefore
a very generalized soil information product.

Geographic Information Systems (GIS) technologies have facilitated the development
and distribution of polygon based soil information systems subsequent to the
development of SIDMAP. Portions of the soil mapping for the Province have been
digitized in Ottawa by Agriculture Canada and portions have been digitized locally. This
form of data is not readily available to the public at this time. The future will
undoubtedly result in object oriented data bases and soil information products that will
enhance and encourage the continued use of soil survey data as a basis for decision
support and land use management.

B.iv. User Needs

The information presented in the early Alberta soil surveys reflects what was known at
the time about soil classification and genesis. These reports use non-technical and easily
understandable language as demonstrated by Wyatt and Newton (1925) and Wyatt et al.
(1930). They often contained only surface texture and topography data but evolved to
include soil profile development information.
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As soil survey continued, the level of knowledge has grown, reports have become
technically complex and scientific terminology has replaced simple language. The
scientific terminology has been often referred to as jargon to connote the lack of meaning
to many users of soil survey products. The users of the information have been given the
responsibility of deciphering and interpreting information specific to their area(s) of
interest based on the content of the report for their area of interest. However, some users
have little or no technical background in soil survey methods or terminology (Valentine
et al. 1981; Souster and Peters 1991). As a result, some soil survey information is not
understood or effectively utilized (Sombroek and van de Weg 1983; Valentine 1983;
Valentine et al. 1981; Anderson et al. 1982).

User Needs - Types of Users

The identification of the users and determination of their information needs is
fundamental to the soil survey process. Fessenden (1984) states:

"...to be truly effective, a service agency has to know more about a client's needs
than the client knows themselves. It is not good enough to ask the client what he
needs. Rather it is necessary to make a thorough study of the roles and
responsibilities of the client, to thoroughly understand their working environment
and to anticipate and suggest the natural resource information products which are
likely to be of some assistance".

The first step of the soil survey process should be the identification of the users and their
information needs. Butler (1980) suggests that a soil map should have a purpose:

“in some cases a soil survey has no particular problem but is made to provide a
general stock taking of the soils of a project area. This type of survey has the
potential of producing too many boundaries and it will require comprehensive
investigations to show which are the relevant ones for particular problems".

MacMillan (1985) identified 66 public sector users of soils information in Alberta. The
users had a total of 72 management programs requiring soil and land information. Some
of the users were responsible for collection and dissemination of soils information, others
utilized soils information generated by other users.

Fessenden (1984) defines two types of users; those who have the capability of collecting
and interpreting information on their own; and those who do not have the capability of



25

collecting information and want interpretations provided for them. Users who lack
familiarity with basic classification inventory and the assumptions that went into the
creation of the resultant products do not always appreciate the potential that those
products have for producing interpretations that would be useful to them.

Cheel (1991) categorizes users on the basis of their familiarity with soils terminology, the
level of detail they require and the level of involvement they have in the collection of
soils information. Applying these criteria, Cheel (1991) defines 3 types of users; the
pedologist who is not involved in field survey; the pedologist who conducts field
mapping; and the non- pedologist, who is unfamiliar with soils terminology.

Once the users and their needs have been identified, specific data elements can be
collected and interpretations specific to their needs can be made. Soil surveys in Alberta
have been conducted to meet the needs of various user groups. The first soil surveys in
Alberta were initiated in order to solve or identify the magnitude of wind erosion in
southern Alberta. Soil surveys in northern Alberta were initiated in order to determine
the suitability of lands for arable agriculture.

More recently the objectives of soil surveys have been stated but these objectives are
rarely explicitly addressed. For example, the soil survey of the County of Flagstaff was
initiated to address suitability of soils for deep plowing. However, the objective was
never satisfied and the purpose of the inventory became the collection of data to update
the existing soils database. The change in objective is a function of the high cost of soil
survey that predicates the production of a general purpose inventory product targeted at a
variety of users. Another justification for the collection general purpose information is
the difficulty in identifying who the users of the information are.

Different types of users encounter different issues when using the published soil survey
reports for decision support. Often, problems of soil survey interpretation and
understanding arise if the user has to use more than one report. These problems are the
result of the issues documented in the discussion of soil survey products (B.ii.).

However, a variety of mapping concepts, taxonomic systems and mappers all contribute
to potentially confusing variation between soil maps. For example, some users may
consult portions of the Wainwright and Vermilion map sheet (Wyatt et al. 1944) and the
soil survey of the county of Flagstaff (MacMillan et al. 1988). The reports are
representative of the level of soil knowledge that existed at the time they were compiled.
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However, because of the difference in scale and level of technical information, the user
may prefer the friendlier, older product or choose the updated and more technically
demanding product. Most users appear to choose the latter, but never appear to fully
understand all of the information presented in the modern report.

Users have few problems once they become familiar with the style and format of a single
survey report or a single vintage of mapping. An example is the farmland assessor in the
County of Flagstaff who can eloquently describe the soils and landforms of the County
based on the published in the 1940's through 1960's. The more recent SIL3 1:50 000 soil
survey report for the County has little meaning to this user because it is conceptually and
physically very different from his understanding of the earlier soil survey products.

In summary, there are a variety of users of soil survey. Each user group has different
needs and different skill bases when using soil surveys for decision support. The current
soil information data base, as presented in published soil survey reports, is inadequate in
meeting the needs or the wide range of users. It may be that a variety of soil information
products are necessary to meet the needs of the wide range of users. The production of
soil information and its dissemination may be two very different kinds of activity that
should be treated as separate functions.

User Needs - Content

MacMillan (1985) identified 66 public sector users of soils information in Alberta. The
users had a total of 72 management progrmns requiring soil and land information. The
soil information requirements were split into 3 main classes; descriptive, analytical and
interpretive (Table 2.1). Each of the main classes were subdivided into additional
categories. The determination of the soils information required by each user group was
subjective. User groups were amalgamated to form 12 distinct groups. For example, the
Alberta Agriculture user group represents 8 departments; the Municipal Affairs Planning
Commissions group represented 12 user groups; the Forestry, Lands and Wildlife group
represented 6 user groups; and so on. It was reported that all the users required soil map
information and the majority required some chemical or physical data and some
interpretive information (Table 2.1).

Stobbe (1945) writes, "it is obvious that the report (soil survey) can neither be a simply
written Farmers Bulletin type of report nor a highly technical treatise intended for other
soil scientists”. This statement is supported by Valentine et al. (1981), who conducted an
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evaluation of users and user needs in British Columbia. Results from the survey indicated
that 51% of people had difficulty getting information from soil maps. Many people
complained about unfamiliar terms, non standard legends and symbols. Most users
regarded information such as taxonomy and chemical analyses with at best "antagonism".
The types of map products that users need are varied.

_Table 2.1 User groups and their respective soil informatio=n needs.
B SOILS INFORMATION
USER GROUP Descriptive Analytical Interpretive User | Producer
_ profile] MU | phys. | chem. | agric.| rec. | eng.
Alberta Agriculture X X X X X X X
Forestry, Lands, and X X X X X X X
Wildlife
Alberta Environment - X X X X X X X X
Municipal Affairs - X X X X X X
Planning
Commissions
Municipal Affairs - X X X X X X
Cities and
Municipalities
Municipal Affairs - MD'sj] X X X X X X X
and Counties '
Municipal Affairs - X X X X
Boards,
Commissions, and
Divisions
Transportation X X X X
Agriculture Canada X X X X X X X X X
PFRA X X X X X X
Environment Canada X X X X X
Indian and Northern X X X X X X X
Affairs

MU = map unit; phys. = physical; chem. = chemical; agric. = agricultural; rec. =
recreational; eng. = engineering
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In Alberta there have been a range of map products produced and utilized. Colour maps
were used from the inception of soil survey in 1920 until the mid 1970's. Since the
1970's black line and air photo mosaic maps have been produced. Valentine et al (1981)
reports that in British Columbia most people requested a topographic base map (56%});
28% preferred orthophoto mosaics; and colour maps were preferred over black and white
(because black and white maps were difficult to read). Nikiforuk (in prep) reports that
municipal conservation planners preferred colour maps; and on- farm conservation
planners preferred air photo mosaic maps.

The content of soil survey reports should enhance the objectives of soil survey (to
provide understandable, accurate and precise information to people who need to
understand and use the soils as they occur in the landscape (Brown 1985)). Given the
variety of user needs it is difficult to adjust the content of soil survey reports to meet all
of the needs of all of the users. The current state of soil survey in Alberta is such that
many users of soil survey information are inconvenienced by the nature and content of
the data base. Current Green Plan proposals would see an effort to consolidate and
enhance the existing soil information data base to support user needs.

User Needs - Map Scales

Scale preference was described by MacMillan (1985). The results indicated that the
majority of the respondents (51%) preferred scales larger than (1:14 000); 17% preferred
scales between 1:14 000 and 1:40 000; 21% preferred scales between 1:41 000 and 1:80
000; 2% preferred scales between 1:80 000 and 1:160 000 and; 7% preferred scales
smaller than 1:160 000. The large number who preferred large scale information
represented cities and regional planning commissions. Those who preferred the 1:41 000
to 1:80 000 map scale range "appeared to be recognizing the fact that this is generally the
smallest scale at which consistent regional coverage is available” (MacMillan 1985).
Some of the respondents indicated that this was also the most practical scale for regional
compilations and planning. MacMillan (1985) summarized the scale requirements:
1. The majority of scale preferences favoured large scale detailed information,
but other scales were deemed desirable for specific uses.
2. Detailed scales were used most often by programs in which decisions were
made about individual parcels of land.
3. Intermediate scales (1:50 000) were used where single region overviews were
needed, primarily for planning purposes.
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4. Small scale information was used primarily for province-wide and regional
overview programs concerned with policy development.

In a survey of soil survey users in British Columbia, Valentine et al. (1981) reported that
most users preferred a less precise map that would be available in 1 year over a more
precise map that takes 4 years to deliver. This implies the production of small scale
versus large scale maps. MacMillan (1985) reports that the map products that were most
preferred were those produced by a single consistent methodology. This created broad

' regional availability of a similar product and consequently generated acceptance and use.

B.v. Summary

Soil surveys in Alberta were initiated approximately 70 years ago. Since the initiation of
mapping, a variety of mappers, scales, mapping concepts, taxonomic systems and
products have been used to deliver information to the users. Initial surveys were
conducted for specific purposes. Over time, the objective of survey has changed to
updating the existing data base. This shift has resulted in some user needs not being
addressed or met.

Mapping scales have changed from 1:190 000 (1920 to about mid 1950's) to 1:126 000
(mid 1950's to early 1970's). Since the early 1970's most reconnaissance soil surveys
were conducted at 1:50 000. Survey reports have remained relatively consistent in format
and content. Maps have been published on colour, air photo and black line formats.

The wide variety of user needs in Alberta are recognized in terms of soil survey content
and map scale. Proposals are in place to consolidate and enhance the existing soil
information data base to support user needs. New technologies are being utilized to
distribute soil information in electronic form. These technologies should enhance the use
of soil information in decision support for many soil survey users.
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II.C. TRADITIONAL MAPPING APPROACHES AND SAMPLING
STRATEGIES IN ALBERTA AND OTHER PARTS OF CANADA
- W.L. Nikiforuk, R.A. MacMillan and I.R. Whitson

C.i. Introduction

This section describes the methods used for conducting 1:50 000 (Survey Intensity Level
3 (SIL3)) reconnaissance level soil mapping in Alberta. The concept of SIL3 mapping is
explored in detail. An analysis of the methods used in soil survey provides an
understanding of the soil mapping process in Alberta. A discussion of mapping in
Saskatchewan and other parts of Canada is presented.

C.ii. Survey Intensity Level - Discussion

Survey Intensity Level (SIL) is an expression of the amount of work done (emphasis on
field work) and the detail or precision of information collected during a soil survey
(Mapping Systems Working Group (MSWG) 1981; Valentine and Lidstone 1985). The
SIL of any project is dependent upon the objectives of that project. Therefore the level of
precision with which soils must be described and mapped is defined (MSWG 1981).
There are two levels of criteria used to differentiate the five categories of SIL; the amount
of work; and the detail with which soils are described and mapped.

The amount of work is defined by the level of field activity undertaken. Intensive
surveys require more field work, less intensive surveys require less field work. The
measure used to determine the level of field activity is the number of soil inspections
made within a project area. The MSWG (1981) define an inspection as "a ground
examination which the pedologist can use to verify the differentiating characteristics of a
map unit". The location of the site must be recorded. An inspection can be anything from
an exposure of the soil with a shovel or auger to a note about a road cut or saline area.

Valentine and Lidstone (1985) list the measures used to differentiate levels of SIL. They
are:

Area represented by one inspection,

Proportion of delineations having one or more inspections,

Spacing of traverses,

Spacing of inspections,

Proportion of the length of all soil boundaries inspected during the course of
field work,

M e
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Rate of progress of field mapping,

Methods of travel in the field,

Proportion of survey time spent in the field,

Proportion of soil classes that are fully described and sampled for analysis.

© ® N

The criteria used to evaluate the level of detail are accuracy, precision and scale.
Accuracy is defined as "the closeness with which the information conveyed in a soil map,
legend and report conforms to the actual or true conditions in the field" (MSWG 1981).
Precision is defined as "the closeness with which individual pedons from one soil (or
individual exposures and sites within a map unit) resemble one another" or "how closely
repeated observations of a soil or map unit characteristic conform to the mean value of
that characteristic for the soil or map unit" (MSWG 1981).

Valentine and Lidstone (1985) imply that field inspection quantity reflects accuracy and
detail. That is, the more inspections, the higher the accuracy and level of detail. This
point is contentious for two reasons. First, the statement implies that small scale maps
are inaccurate compared to large scale maps because there are fewer field inspections
compared to large scale maps. Second, this approach does not consider mapper
experience nor does it recognize varying degrees of complexity of landscapes. That is,
some mappers may require fewer observations to accurately characterize a landscape and
some landscapes are simpler to characterize than others.

The use of SIL criteria provide an objective and measurable basis by which soil survey
maps can be evaluated and presented in terms of accuracy and precision. The criteria are
based on the collective wisdom of the soil survey community in Canada and as such serve
the soil survey community very well. The criteria do not take into consideration the
economics of producing soil survey products nor the utility of soil survey products for
specific user communities (appropriately so). The reasons for discussing and
rationalizing soil survey in Alberta are linked to the economics and user needs of soil
survey. The perception of the authors is that the way in which SIL standards have been
applied in Alberta has hampered the effectiveness by which soil survey products are
delivered to the user community and has resulted in unreasonably high costs associated
with soil mapping in Alberta. The time required to complete the field work in an average
municipality is 3 years and the time to final publication is approximately 5 years from the
inception of the project. The lengthy turn around time is seen to be counter productive
given the current demand for soil inventory products. The cost of a SIL3 1:50 000 soil
survey is defined by physical effort required to collect the data that allow the final map
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product to be classified as SIL3 1:50 000. The balance between cost of production and
time to delivery must be evaluated. In Alberta, we are producing high quality soil maps
and reports at a high cost (on average $15,000 per township) over a long period of time
(up to 10 years start to finish). At present, the demand for soil inventory products is high
and the ability to provide SIL3 1:50 000 maps is low (because of human resource
constraints and limited financial support for the program) therefore the SIL3 1:50 000
program is being challenged and evaluated. This proposal is targeted at identifying and
testing alternative mapping systems to enhance, both in terms of time and cost, the
delivery of soil inventory products.

C.iii. Stages of Mapping

The soil mapping process for Canada has been documented in the soil survey handbook
(ECSS, 1987). The handbook describes "procedures for precise and efficient soil survey
programs in Canada". Four distinct levels of activity are identified: soil surveys in
Canada; planning for soil surveys: The Committees; project planning and management
and conducting soil surveys. Each activity is described in considerable detail;
particularly the the one dealing with conducting soil surveys. Three further sections are
described but not documented and these include: application of soil survey information;
soil survey investigations; information and display systems.

Shovic and Montagne (1985) describe 6 generic steps in the mapping process:
1. Compilation of existing data,

Preliminary field studies and initial stratification,

Development of initial mapping legend,

Field mapping including additional soil inspections,

Interim correlation and remapping,

AN

Final correlation and report writing.

Pettapiece (1977) lists two additional steps in the process. These steps are undertaken
prior to the steps outlined by Shovic and Montagne (1985). The two steps are critical in
the mapping process. They are:

1. The definition of objectives and requirements of the project. This includes the
size of the area, scale, funding and time frame (in which the project is to be
completed) and

2. A review of the objectives and requirements to ensure that they are realistic

and achievable.



35

The following discussion describes in detail each of the eight steps as they occur in
Alberta.

Steps 1 and 2. Definition of Objectives, Requirements and Ongoing Reviews

This is the most important step in the soil mapping process. Since the early 1980's the
objectives and requirements of survey projects have been documented uéing ‘
CORRELOG (MSWG 1981). CORRELOG is equivalent to a soil survey project plan.
Steps in the survey plan include identification of the project, project definition and
objectives, schedule and resource requirements, project management details, survey
operations (including mapping strategies, correlation responsibilities, sampling strategy,
interpretations and report format), resource allocation (including manpower), scheduling
and public information and feedback.

The project plan should be revisited during the course of the survey to ensure that the
objectives and requirements are being met. '

Step 3 and 4. Compilation of Existing Data, Preliminary Field Studies and Initial
Stratification

During this stage background information on climate, surficial and bedrock geology,
hydrogeology, hydrology, topography, vegetation and soils is collected. The purpose of
compiling background information is to provide the pedologist a regional overview of the
area to be mapped. The information can also be used to develop preliminary landscape

units.

Initial stratification allows the mapper to develop preliminary map unit concepts. This
step can be conducted in the office or by field visits to the project area. The goal of
preliminary field studies is for the mapper to become familiar with the soils and
landscapes in a project area before production mapping starts.

Step 5. Development of Initial Mapping Legend

The legends of SIL3 map products provide estimates of the proportions of each soil
component of a map unit. Accurate assessments are possible if the relationships between
soils and landscapes are predictable. Purposive sampling in these landscapes establishes
no explanation for soils observed in sampling. However, a result of purposive sampling
may be the conclusion that soil distribution within landscapes is unpredictable. Initial
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stratification to separate simple (predictable) and complex (unpredictable) landscapes
may emphasize the need for different sampling strategies to solve mapping problems.

Initial map legends are developed in two ways. First, the map legend may be adapted
from published (or existing) soils maps. This method is desirable in that time is saved
and correlation is enhanced during the preliminary field study step. Second, the legend
may have to be developed from observations made during preliminary field studies. This
method is time consuming in that time spent building concepts could be spent on
operational field mapping. The extra time spent on legend development may be
necessary to reach the level of confidence necessary for SIL3 1:50 000 mapping. This
approach is taken when there are no appropriate legend models on record and has the
advantage of increasing the mappers confidence in map unit composition. The initial
mapping legend may undergo repeated revision during the mapping process. After a
working legend has been established, field mapping commences and the legend is
updated as mapping progresses.

Soil mappers in Alberta have adopted a standard map unit numbering system for SIL3
maps. The numbering system continues to evolve but has been used for the majority of
SIL3 maps. Some deviations from the system do occur in earlier mapping projects. The
system is as follows:

UNIT No. DESCRIPTION

1 A pure unit; named dominant soil occupies approximately 80% of
delineated area.

2 Delineations include significant amounts (15-40%) of wet soils.

3 Delineations include significant amounts (15-40%) of saline soils.

4 Delineations include significant amounts (15-40%) of rego or calcareous
soils.

5 Delineations include significant amounts (15-40%) of fine textured soils
compared to the dominant soil.

6 Delineations include significant amounts (15-40%) of coarse textured
soils compared to the dominant soil.

7 Delineations include significant amounts (15-30%) of solonetzic soils.

8 Delineations include significant amounts (15-30%) of wet soils in
association with significant amounts (15-30%) of rego or calcareous
soils.

9 Delineations include significant amounts (15 - 30%) of wet soils in

association with significant amounts (15 - 30%) of coarse textured soils
compared to the dominant soil.
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Step 6. Field Mapping

In Alberta, SIL3 mapping is commonly conducted using 1:30 000 scale black and white
aerial photographs. Initial stereoscopic examination of the photos is carried out in the
office followed by a general field reconnaissance. This is followed by more intensive
photo interpretation and ground truthing. During mapping, attempts are made to traverse
all roads and trails in a county or municipality. Occasional traverses by foot are made
where necessary to verify soil and landscape conditions in areas without vehicle access.
Soils are examined to the 1 metre depth using a shovel and hand auger. Soil inspections
are done at an intensity of approximately one recorded inspection per quarter section (65
hectares). Each recorded inspection is supplemented by information obtained from
several inspections to determine the local distribution and variability of different soils
associated with each inspection site.

Data collected at inspection sites includes horizon type, thickness, color, structure, texture
and sequence; presence of lime, salts, mottles; slope position, length and steepness;
landform; drainage; mode of deposition and texture of parent material. Data is recorded
on field sheets or in notebooks.

As the survey progresses, soil and topography lines are determined along the lines of the
traverse and projected between them using landscape features and stereoscopic
examination of aerial photographs. These boundaries are drawn on a field map consisting
of an aerial photograph of the township enlarged to a 1:30 000 scale. Map delineations
are identified with the appropriate map unit symbol. Each completed township is
compared, checked and correlated with those of adjoining townships.

After all field data is gathered, checked and correlated, the soil boundaries and
accompanying map unit symbols are transfered to 1:50 000 scale mylar topographic base
maps. These in turn are digitized and the resultant digital files are used to produce the
final soil maps, as well as various interpretive maps for the survey area. Finally, the soil
survey information is compiled and a report is written that summarizes and describes the
soils in the mapped area.

Step 7. Interim Correlation and Remapping

During mapping, attempts are made to consistently apply map unit concepts over a
project area. However, mappers are not consistent and frequently there is inconsistency
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between mappers because of mapping experience. These problems require correlation to
improve and correct the soil survey maps.

The job of the correlator is to verify polygon boundaries and to ensure that map unit
concepts are applied consistently and uniformly across a project area. The process may
involve re-driving roads to check boundary placements or making additional soil and
landscape inspections. The process is continual and occurs on a regular basis.

Once an area has been mapped and correlated, the map is filed until the field season is
over and map and legend compilation are started. Usually, soil boundaries are not
changed during the final compilation. Map units are consolidated and map unit names
change frequently during this process, however. One tool that correlators use during the
correlation process is polygon summaries.

Polygon summaries are records of the characteristics of each delineation. They allow
mappers to record soil and landscape information unique to each delineation on a map.
The summaries are compiled for two reasons. First they are a tool used by correlators in
the absence of the principle mappers of an area. The correlator is provided with
documentation on what the mapper observed in the landscape and the factors that might
have contributed to the naming of a delineation. Second, polygon summaries are used for
legend building. Storage in electronic form allows for quick and easy access to the
information. Sorted data is used in the map compilation process for reducing the number
of map units and determining the areal extent of map units.

The information recorded on polygon forms includes the map unit symbol, delineation
number, location, size, estimated proportion of soils, parent material type and texture,
landform, proportions of topographic classes and general comments. The amount and
type of information collected varies between projects. For example, polygon summaries
used in the soil surveys of the counties of Paintearth and Flagstaff (Wells and Nikiforuk
1988; MacMillan et al. 1988) contained map unit symbol, polygon location and size.

The philosophy of consolidation is that a balance must be achieved between cartographic
simplicity and landscape detail (Hole and Campbell 1985). Map unit consolidation is a
process that is used to reduce the number of map units (in a mapped area) to a workable
number. Ideally, the number of map units developed to characterize soil distribution
patterns should be minimized. In practice, the size of the legend is usually limited by
cartographics.
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In the process, map units that are only slightly different may be amalgamated. Those that
occupy minor areas can be added to similar map units. Brierley et al. (1991) state that the
primary concern in the map unit consolidation process is the degree to which a
compromise affects the resulting land use interpretation. When a compromise is not
possible the unique soil map unit is retained.

Step 8. Final Correlation and Report Writing

The final correlation ensures that a uniform and consistent map has been produced for a
project area. The vehicle used for final correlation is CORRELOG form 2. The survey
report is written after the correlated maps have been compiled.

C.iv. SIL3 Soil Mapping in Alberta

The soil mapping program in Alberta has evolved from reconnaissance mapping to SIL3
1:50 000 standards. This evolution is a result of completion of reconnaissance mapping
“and a recognized need to update existing mapping in terms of the current state of
knowledge and gaps or inconsistencies in existing mapping. The SIL3 1:50 000 mapping
program has produced 11 soil surveys for municipalities in east-central and southern
Alberta. Some of these soil surveys were targeted for specific uses i.e. deep plowing
interpretations in the County of Paintearth but in general these surveys were aimed a
generalized user audience that includes: farmland assessment, soil conservation planning,
deep plowing, grazing land management, pipeline construction and pipeline reclamation.
These soil surveys tend to have many uses but have been criticized for their technical
nature and lack of specific focus (other that the pedology focus). It can also be argued
that these characteristics make these reports more useful than those with a narrow focus,
for example, the soil survey of Warner County was found to do as good a job for
irrigation ratings compared to the ratings developed specifically for irrigation but the soil
survey has broader application i.e. erosion, salinity, and the like compared to the
irrigation maps.

SIL3 mapping has the following characteristics:
1. Atleast one inspection in 60 to 80% of the delineations.
2. Some traverses on foot, many by vehicle (up to 4 km apart).
3. Profile descriptions for all major named soils, samples from the majority of
soils.
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4. Range of publication scale 1:30 000 to 1:130 000 (usual scale of publication is
1:50 000).

5. Inspection density of 0.2 to 2 per cm2. One inspection represents 20-200
hectares on the ground.

6. Soil surveyor should map 20-200 km? every 20 days.

Advantages of SIL3 1:50 000 Mapping for Alberta
1. Improved representation of the soil resources in the Province

The evolution to producing SIL 1:50 000 soil survey products was a result of the
recognition of a need to better portray the spatial distribution of Alberta's soil resources.
The SIL3 1:50 000 maps provide a solid base of information for decision support for the
municipalities that have been mapped to date. The results of this program coupled with
the national interest in soil conservation has resulted in a demand for 1:50 000 mapping
that cannot be met with existing government resources. At present there are 8 formal
requests for soil survey by Alberta Municipalities.

2. Improved models of soil and landscape relationships

The continuing collection, collation and management of soil information resulting from
SIL3 1:50 000 mapping has improved the understanding of soil and landscape models in
the Province. Map legends have been standardized within each mapping project and
significant progress has been made to standardized legends between projects. The
concept of repeating soil - landscape features has been embraced in modern soil survey
products and is reflected in the closed legend concepts currently in use. Soil series are
better defined and delineated as a result of the program. The influence of soil
morphology on land management is enhanced by the continuation of this program.

3. Improved interpretations for decision support

Many of the soil interpretations for land use have been modified and improved over time
and these improvements are reflected in the SIL 1:50 000 soil survey reports. The soil

survey of the Calgary Urban Perimeter (MacMillan 1987) is an excellent example of the
integration of interpretations for a variety of land uses as adjunct to soil map production.
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4. Continued training for junior pedologists for the private and public sector

The soil mapping program (regardless of scale of mapping) has historically resulted in the
training of soil scientists in the description and understanding of the spatial variability of
soils in the Province. Many of these scientists have moved to the private sector
consulting industry both in and out of Alberta and many are in government positions
wherein knowledge of soils is important.

Criticisms of SIL3 1:50 000 Mapping for Alberta
1. Rate of progress in Alberta

SIL3 mapping is criticized for its slow rate of satisfying user demand for information.
The SIL3 mapping has a predictable rate of progress. Inspection of 100 to 120 sites per
township takes between 4 to 10 days. Edge matching of adjacent townships and
correlation takes 2 to 3 days to complete. Approximately 10 townships per year can be
mapped by one individual. The time required to collect information is a function of the
complexity of soils, parent materials and landscapes, mapper experience and access.
Whether or not a faster rate of map production would satisfy the user needs is one
impetus for this research.

2. Cost

The cost of SIL.3 1:50 000 is greater than the public purse is willing to bear. The
combined financial reports of the Alberta Research Council and Agriculture Canada
indicate that the cost of SIL3 1:50 000 mapping in Alberta ranges from $13,500 to
$18,000 per township mapped. The total cost of mapping the remaining 2400 townships
in the province (at SIL3) is estimated to be between $32 and $43 million dollars. On the
other hand, the cost of SIL3 1:50 000 mapping is about the same per unit area as the cost
of a tillage operation for the same area. To date, individual land holders, municipal
governments and the provincial and federal government have been unable to increase
financial commitments to this mapping program and in fact financial commitments for
actual mapping have declined.
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3. Increased technical knowledge required to decipher soil survey

Soil survey reports have become increasing technical and are on the level of a M. Sc.
thesis in terms of scientific complexity. This results in difficulties for non-technical users
when using soil surveys for decision support.

C.v. Soil Mapping in Saskatchewan
Conventional Mapping

The standard approach to SIL3 mapping in Saskatchewan is similar to that in Alberta (H.
Rostad pers. comm. 1991). Air photo interpretation is used extensively to delineate
patterns of landforms that are expected to be associated with changes in parent material
and soil properties (i.e. drainage, salinity etc). There are about 15-17 soil surveyors
actively mapping in a normal field season. Typically, each mapper completes an average
of 9 townships in a field season. This works out to about 80 hours of field checking per
township (8 10 hour days or 10 8 hour days). The maximum number of townships
completed in a single field season by experienced mappers operating in familiar terrain is
13-14. The rate of progress varies by location as well as by mapper. The most rapid rates
of progress (1 twp per week) are realized in the brown soil zone where access is good,
land use is uniform and consistent and soil landscape patterns are readily visible on
photos and on the ground. Mapping is typically slower (up to 10 days per twp) in the
Black and Dark Gray soil zones where variation in land use can mask soil-landscape
patterns, differences in soil drainage are not as readily apparent and access can be
reduced due to smaller and more numerous ownership units.

The experience in Saskatchewan is that, regardless of the number of townships mapped
during the field season, the activities of map compilation and report writing fully occupy
staff over the winter and limit the rate at which field information can be processed and
converted into published maps.

Mapping in Saskatchewan is conducted according to a published SIL3 methods manual
entitled "Saskatchewan Soil Survey Field Manual" (H. Rostad pers. comm. 1991).

Accelerated Mapping

A modified approach to mapping was developed and implemented in Saskatchewan for
mapping conducted in the northern portion of the province in the summer of 1991. The
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modified approach was adopted in order to make use of a substantial amount of existing
information. The area had been surveyed in the 1940's at a reconnaissance level. In
addition, municipal affairs data was available for the entire area on a 1/4 section basis.
Municipal affairs assessment methods in Saskatchewan classify soils by series in exactly
the same way as conventional soil survey. The assessment records also list limitations
arising from salinity, erosion, poor drainage, slopes and other characteristics of interest. It
was felt that with these two sources of information available, a more rapid approach to
upgrade the information into the new 'standard' format was justified. The final product is
meant to be similar in all respects to what is produced in other areas using standard

mapping techniques.

In practice, the success of the revised method in 'accelerating' mapping was found to
depend partly on the skills and attitudes of individual mappers and partly on the degree to
which the landscapes to be mapped were familiar and provided external clues to their
composition that could be interpreted from air photos (H. Rostad pers. comm. 1991). All
mappers found the landscapes to be quite different from what they were used to in the
south of the province. The area was very complex, with multiple glaciations, mixed
materials and gentle slopes which did not provide strong clues to changes in parent
material and soil characteristics. Many of the landscapes were dominated by imperfectly
drained soils. Most mappers were unfamiliar with imperfectly drained landscapes and
found it difficult to infer imperfect drainage from air photo interpretation.

Individual mappers responded to the 'accelerated’ methodology in different ways. Some
mappers were unable to realize any increase in map productivity. They simply couldn't
bring themselves to 'speed up’. They had trouble accepting the 'second hand' information
provided by secondary sources and spent considerable time and effort 'digging out' errors
in the source material. H. Rostad (pers. comm. 1991) noted that similar errors would
likely be uncovered in any map, including any new map produced by the surveyors
themselves. Other mappers found the secondary source information useful and were able
to increase their rate of mapping. H. Rostad (pers. comm. 1991) found he was able to
reduce the number of field digs per township to between 30 and 40 and was able to
complete field checking of up to 2 townships per week. He noted (H. Rostad pers. comm.
1991) that the rate was sensitive to the types of soils and topography in any given area.
He also noted that there was some reduction in the precision of statements that could be
made about some of the units which displayed a weak relationship between soils and
landform. H. Rostad (pers. comm. 1991) concluded that the accelerated mapping



approach was not worthwhile implementing in Saskatchewan given that their current
SIL3 mapping program was nearing completion and would be done in 3-4 years. The
effort to introduce the change might be counter-productive to the operational mapping

program.
C.vi. Soil Mapping in Other Parts of Canada

A thorough discussion of mapping in other parts of Canada is not presented at this
writing. Mapping programs have been scaled down in some provinces and in other
provinces the approaches taken are sufficiently different from Alberta and Saskatchewan
that detailed review would not be fruitful to the discussion of revising the mapping
system for Alberta.

C.vii. Summary

Soil surveys in Alberta are conducted using a generic approach to mapping. Eight steps
are recognized in the process including: definition of objectives, requirements and
ongoing reviews; compilation of existing data, preliminary field studies and initial
stratification; development of an initial mapping legend; field mapping; interim
correlation and remapping; and final correlation and report writing. All of the steps are
necessary for the successful completion of a SIL3 1:50 000 map product. One step not
mentioned is a follow-up to the final survey report which involves a continuing dialog
with the users of the soil survey information. The follow-up dialog is intended to
enhance the use of the soil survey by providing a technology transfer function.

Soil mapping in Alberta and Saskatchewan has been conducted using SIL3 1:50 000
standards for the past 15 years. Advantages of SIL3 1: 50 000 mapping include:
improved presentation formats; improved models of soil and landscape relationships;
improved interpretations for decision support and continued training of field mapping
personnel. Criticisms of SIL3 1:50 000 mapping include: the slow rate of progress; high
costs and the complexity of the final product for non-pedologists. These criticisms can be
applied to other soil survey scales and Survey Intensity Levels.
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IILD. NEW/NON TRADITIONAL MAPPING APPROACHES
- R.A. MacMillan

D.i. Introduction

This section identifies and describes some of the more common alternative systems of
mapping used in Canada, and elsewhere, to delineate the spatial distribution of soils or
land units. For convenience of discussion, the various alternatives are grouped into two
broad categories, namely heuristic (rule based) approaches and stochastic (statistically
based) approaches. The various heuristic approaches are based on the principal of
applying existing knowledge and expertise about soil-landscape relationships to the
process of sub-dividing the entire map area into smaller units with a more limited range
of soils and soil properties. The various statistical approaches are based on the
assumption that rules governing the spatial pattern of distribution of soils or soil
properties are unknown or ineffective but that quantitative rules can be uncovered
through the examination and statistical analysis of representative sample data.

D.ii. Heuristic (rule based) Approaches to Mapping Soils and Landscapes

All approaches that make use of existing knowledge and theory to help sub-divide the
landscape into more or less homogeneous soil-landscape units may be classed as heuristic
or rule based. They all make use of the oft-repeated maxim that the location of soils in
the landscape is predictable (Miller at al. 1980). Wilding (1988) observed that
"pedologists have long stratified the continuum of soils into classes in making soil
surveys based on systematic changes in soil forming factors in a given landscape" and
that their "intent was to decrease the total variability of soil properties in the process".
This led him to conclude (Wilding 1985) that "landforms serve as the best predictive
inferences for systematic changes in soils" and thus serve as the best "basis to build soil-
geomorphic models for soil mapping” (Wilding 1988). He further noted (Wilding 1988)
that "few major breakthroughs have occurred over the past three decades that reduce the
labor intensive surface ground truthing and elevation control required to establish soil-
geomorphic relationships".

Most traditional methods of mapping soils (described elsewhere in this document) make
use of knowledge about soil-landform relationships. Some of the knowledge and rules
used to define soil-landscape units is widely accepted and explicitly recognized in soil
survey publications and procedures manuals (Mapping Systems Working Group
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(MSWG) 1981). Much of the knowledge and expertise used to guide the delineation of
soil-landscape map units at the local level is undocumented or receives minimum and
inconsistent documentation in the individual soil survey reports where it has been
applied. Overall, soil surveys have not documented how rules for identifying and
delineating soil-landscape units are developed and applied and have not provided a
consistent theoretical framework for the development and application of those rules. In
Canada, some of the theoretical framework is presented in the Soil Survey Manual (ECSS
1985) and the System for Soil Mapping in Canada (MSWG 1981) but neither presents a
comprehensive review of the theory involved in the development of soil landscape units.
One especially noticeable gap is the absence of a theoretical framework and hierarchy on
which to base and justify the criteria for establishing soil-landscape map units. This
theoretical and hierarchical framework is often present at a local level (i.e. in Alberta) but
is not usually explicitly documented.

D.iii. Ecological (bio-physical) Land Classification (ELC)

Ecological (bio-physical) land classification (Sub-committee on Bio-physical Land
Classification (SBLC) 1969) was developed as a rapid, cost effective methodology for
physical land classification at a reconnaissance level in Canada. It was meant to provide
a set of guidelines to "differentiate and classify ecologically significant segments of the
land surface, rapidly and at a small scale (SBLC 1969). Its initial emphasis was on
reconnaissance level mapping of forested areas covered by undisturbed natural vegetation
(SBLC 1969). It aimed to present a methodology that was consistent with the current
level of knowledge of ecological theory and patterns of distribution of ecological
controls.

The initial design for ecological land classification (SBLC 1969) envisaged a hierarchical

system with four units of classification, namely:

LEVEL CLASSIFICATION SCALE OF MAPPING
Level 1 Land Region 1:1 000 000 to 1:3 000 000
Level 2 Land District 1:500 000 to 1:100 000
Level 3 Land System 1:125 000 to 1:250 000
Level 4 Land Type 1:10 000 to 1:20 000

The Land Region was defined as "an area of land characterized by a distinctive regional
climate as expressed by vegetation" (SBLC 1969). Land regions were expected to be of
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large areal extent and heterogeneous composition. Delineation of Land Regions was to
be based on "gross form or major physiographic variations (and the implied associated
climate)" since sufficiently detailed information to permit the delineation of climatic

regions on climate data alone usually did not exist.

The Land District was defined as "an area of land characterized by a distinctive pattern of
relief, geology, geomorphology and associated vegetation" (SBLC 1969). It was viewed
as a sub-division of the Land Region based primarily on the separation of major
physiographic and/or geologic patterns.

The Land System was defined as "an area of land throughout which there is a recurring
pattern of landforms, soils and vegetation” (SBLC 1969). It was viewed as a complex
mapping unit consisting of "a broad sub-division of the landscape identifiable and
mappable from air photos primarily as a pattern of landforms and vegetation" (SBLC
1969). Within Land Systems, "the soil and vegetation were expected to be
heterogeneous", but repeated patterns could "be identified and related to patterns of
landforms" (SBLC 1969). The Land System was acknowledged to be the working level
unit at which most reconnaissance scale delineations would be made. It was proposed
that Land Systems be described in terms of the pattern of landforms they contained.
Landforms and landform patterns were to be classified and separated in terms of a) mode
of origin or deposition of landforms, b) properties of the materials which composed the
landforms (including texture, thickness, compaction and chemical or mineralogical
composition) and c) topography and relative relief of the landforms. Guidelines were
presented for defining and assigning the proposed classes (SBLC 1969).

The Land Type was defined as "an area of land, on a particular parent material, having a
fairly homogeneous combination of soil (at a level corresponding to the Soil Series) and
chronosequence of vegetation” (SBLC 1969). Land types were not expected to be
physically delineated in most reconnaissance surveys but were still viewed as the "basic
unit for which interpretations were to be made" (SBLC 1969). Even though they were
not physically delineated, the characteristics and distribution of land types within the
geographic patterns of Land Systems were to be clearly described in order to support
interpretations and subsequent, more detailed, mapping (SBLC 1969).

Part of the rationale for adopting a hierarchical system of classification in ELC was that
"to assess the characteristics of land, one needs both generalized information on a
regional basis and detailed, site specific information, on a local basis" (Oswald and Senyk




























































































































































































































































































































































































































































































































































