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PROCEEDINGS OF THE EIGHTH MEETING OF THE 

CANADA SOIL SURVEY cor~MITT EE 

~~.A.Ehrlich - Chairman , C.S.S . C. 

Foreword: 

The eighth meeting of the Canada Soil Survey Commi ttee (C .S.S . C. ) 
was hel d from October 19 to 22, 1970, in t he K. W. Neatby Bui lding , 
Central Experimental Farm, Ottawa. Ten subcommittees reported , t hree 
papers were presented and separate sessions were held on t he cl assifica
tion system, remote sensing, and on objectives and organization of soil 
survey. 

Subcornmi ttee Reports - These dealt with a variety of material related 
to soil survey . Summations fo llow : 

(1) 

( 2 ) 

(3 ) 

( 4) 

Classification of Land Forms - No agreement could be reached on 
t he approach to be used on class·ification, t herefore it was recom
mended that a request be made t o t he Geological Survey of Canada 
to either provide or assist the C.S . S.C . in establi shing a nationally 
accepted scheme . The subcommittee will be continued. 

Soil Moi sture Regimes - In the quest for improvements in criteria 
for soil drainage classes used in the soil classificat i on syst em, 
t he subcommittee reported that much more data on soil moi s ture are 
necessary before firm recommendations can be made . One recommenda
tion specified the development of a system cl ass i fying moisture 
regimes i n quantitative terms. Studies in t hi s fie ld are to be 
contin ued . 

Soil Cli mate - The subcommittee assisted by the Agrometeorology 
Section of the Plant Research Institute accumul ated the data from 
675 weather stations in Can ada for t he establis hment of the cli matic 
types, classes and subclasses shown on the map. The map was accepted 
by the C.S.S.C. on a provisional basis subject t o changes when more 
information is obtained. 

So"il Survey Interpretati on for Engi neeri ng Use - In thi s field 
greater i nterest than before in interpretations was indicated by 
various di sciplines. Coope ration of pedologi sts with engi neers 
was consi dered essential i f valid engineeri ng interpretations are 
to be made from soil sur vey i nformati on . It was recommended t hat 
reports of reconnaissance soil surveys i ncl ude data of interest to 
the engineer but not engineering in terpretations unles s specifical ly 
requested, and that reports on detailed soi l surveys shou ld include 
engi neeri ng i nterpret ations. The surveys should be conducted with 
local engineers and the reports should meet the objecti ves accept
able to the engineers. 
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(5) Crop Yield Assessments - The subcommi ttee reported that statistics 
on crop yields for different soil s under different management 
l evel s are limited and it is recommended that a continued effort 
be made by workers to obtai n t hi s type of i nformati on . This in
formation was emphas i zed as being i mportant to many government 
programs and to resource planni ng . 

(6) Soil Correlation - A summary of opi nions on correl ation follows: 

(a ) The general opini on was t hat the present li nes of operati on 
and communi cat i on in correl at ion are i nadequate . 

(b) That conceptual criteria and s tandards of taxonomy and cl as
sifi cation should be developed by a common consensus through 
the c. s.s. c. 

(c) That all regional units should adhere to t he national app roach 
to t axo nomic classification . 

(d) That pri mary authority for establi s hment of map units reside 
at the local leve l but should be correlated at t he regional 
or interprovinci al leve l so that t he units can fit into a 
nat ional framework. 

(e) That there was need of a National Soi l Corre lation and 
TntPrprPt~tion ~ervir~ ~t Ott~w~ 

(7) Storage and Retrieval of Soil Survey Data - The need for a soil 
data bank vJas expressed by t he members. Reasons were that storage 
and retrieval were i mperative for greater accessibility, to 
facili tate interpretive wo rk and to organi ze data i n such a form 
that it can be used for research purposes. It was also reconmended 
that t he system be evol ved at the Soi'! Research Institute i n Ottawa 
and be the res ponsi bil ity of t he soil correl ation staff. 

(8) Soil Survey Reports - The terms of reference of thi s subcommittee 
were "to det ermine (a) the specifi c needs and interes t of t he 
various groups who use soil survey data and (b) to recommend methods 
of reporting that would best suit these needs. " As a result of thi s 
study the subcommittee proposed and received unanimous approva 1 of 
the following recommendations : 

(a) Future soil survey rep orts have two mai n parts - one part 
vJhi ch br ings together general information on t he soi 1 s and 
inte rpretations of their capabi 1 ity for use, t he other part 
describing the morphol ogy and classification of the soil s. 

(b) The interpretations for use be wr itten by, or in consultation 
with , persons qual ified in t he particular discipline . 

(c ) The "Styl e Manual fo r Biofogical Journals 11 be t he standard 
followed in editing soi l survey reports . 
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(9) Soil Families - Although a general indifference exists on t he need 
of t he Soil Family category , the committee supported t he recom
mendation for t he continuation of thi s category . Some members of 
t he subconwnittee emphas i zed t he need for use of soil famili es to 
sort and group series. It was contended t hat the sorti ng would 
point out discrepancies in t he criteria used for series, family, 
or both, especially when some series, as defined by t he cl assifiers , 
fe 11 into more than one family . 

(10) Organic Soils - It was recommended that the Foli sol Great Group, 
t he Typic Folisol and Lithic Fol isol subgroups as defined be on a 
trial basis. 

Other recoimnendations made and unanimously accepted were: 
(1) alter t he definition of t he control section by deleting "to 
a cryic contact plus 10 inches (25 cm ) if such contract occurs at 
a depth shallower t han either a or b11

; (2) substitute 11 Silvo 11 for 
"Hypno" and redefine the subgroup; (3) establish an order of 
i mportance among the subgroups with t he objective of limiting t he 
number of combinations; (4) specify t hat the subdomin ant organic 
layer in t he Terrie Fibric, Terrie Mesic and Terrie Humic be 10 
i nches (25 cm) or more in thickness; (5) amend the defi nition of 
the hydric layer ; (6) to redefine (c) , under control section, to 
clarify t he mini mum thi ckness of peat over the hydric l ayer; and 
( 7) to redefine t he Organi c Order. The recommendation for the 
criteria proposed at t he 1968 meeti ng for the family and series 
level was accepted on a tri al basis. 

Soil Cl assification - On t hi s subject the following received attenti on : 

Solonetzic Order - Consi derati on was requested for t he re turn of 
the Dark Brown Solonetz and t he Dark Brown Solod in the soil 
classification system. 

Luvi solic Order - Minor changes were recommended in t he defi ni ti ons 
of the Luvisolic Order and in the Gray Brown Luvisolic and Gray 
Wooded subgroups. 

Podzo 1 i c Order - Mi nor changes were recommended and correct"ions 
pointed out i n t he defi niti ons of the Podzol ic Order and i n t he 
Orthic Ferro-Humi c Podzol, Mini Humo-Ferri c Podzol and Bisequa 
Humo-Ferric Podzol subgroups. Podzoli zed sandy soil s with t he 
morphology but lacking the chemistry of Podzolic soils were dis 
cussed and a recommendation was made for further study of t hese 
soils with particular reference to the criteria used for a 
Podzolic B horizon . 

Brunisolic Order - Several minor changes were proposed for future 
considerat ion. 

Gleysolic Order - It was recommended t hat t he proposals presented 
at the meeting be studi ed and be considered at t he next meeting. 
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Papers on Land Capability - These follow: 

The first is on Biophysical Land Classification, its defi nition and 
its approach to a national system. Th is classification system uses 
landform within a climatic framework as the major detenni ni ng facto r of 
environment . On t his premi se the hierarchical system of land survey was 
establis hed and on this basi s it is assumed t o be poss ible to examine and 
classify the lands at any level. 

In the paper on Land Capability Analysis the emphasis is on t he 
importance of the analysis for designating the best physical capabil ities 
of t he land for various uses. It poi nts out that t he analysis i s not 
intended to provide land use plans, it is intended to show the capability 
patterns . 

The fi nal paper entitled Capability Classification of Organic Soils 
describes t he approach used and criteria followed. The criteria are 
stage of organi c matter decomposition, water condi tions, reacti on , 
climate, woody conditions, surface roughness, and thickness of peat . 
Each cri terion i s evaluated as it appl ies to the soil and all criteria 
are s ummated to a numerical value which establishes the soil class. 
Seven classes are defined. 

The C.S. S.C. unani mously agreed t hat regiona l meetings both i n t he 
east and t he west are needed and t hat they be held i n years al ternating 
·tith the national meeting. It wa"' a 1 :;o agreed t hu t tours be t aken in 
areas with probl ems in soi l s under study. 

The number of partici pants at t he meetings was the highest on record 
(90 } for a C.S.S. C. meeting. High interest was evident t hroughout . The 
members of t he national commi t tee were hi ghly appreciative for t he con
tributions made by the forest soi l scientists, soil engi neers, geologi sts , 
agrometeorologists, and soil scientists who were our guests. 

Appreciation and t hanks are expressed to t he speakers, Mr . E. A. 
Godby, Dr. A. L. Gregory , Dr . J . N. de Villiers and Mr. R. 0. Chi pman, 
Program Pl anni ng Office, Department of Energy, Mines and Resources, for 
t heir reports on remote sensing. The topics were: (1) Introduction to 
remote sensi ng ; (2) Organi zation of t he Can adian program; (3) Airborne 
program; and (4) Earth Resources Technology Satel l ite (ERTS ) and Skyl ab 
program. Thanks al so are expressed to Mr. L. Philpotts, Economi cs Branch , 
Ottawa, who arranged and chaired thi s session. 

Dr . A. A. Klingebiel and Dr. J . F. Dougl ass, Soi l Conservation 
Service, U.S . D.A., Washington, D. C., represented t he U.S. Divi sion of 
Soil Surveys at our meeti ng. Also a former Canadian resident , Dr . R. 
Arnold, Professor of Soils, Cornell Un iversity , attended as our guest. 
Our appreciation is hereby expressed to the t hree U. S. soil scienti sts 
for their contributions to the di scussi ons. 
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OPENING 

The meeting was called to order by the chairman at 9:00 a. m. on 
Monday, October 19, 1970. Members and guests were introduced. The 
chairman then called on Dr. J . C. Woodward, Assistant Deputy Minister 
(Research) and Chairman of the Research Commi ttee of t he Canadian 
J.\gricultural Services Coordinating Committee (CASCC ) to whom the C.S.S.C. 
reports, to address the meeting . 

ADDRESS BY DR. J . C. WOODWARD 

It is my pleasure, on behalf of the Canadian Agricultural Services 
Coordinating Committee and the Canada Department of Agriculture, to 
welcome you to this the eighth full -dress meeting of the Canada Soil 
Survey Committee. 

Canadian soil surveys had their beginnings in Saskatche\•Jan and 
Alberta in 1921. The National, now the Canada Soil Survey Committee, was 
established in 1940 to function as the coordinating body among the soil 
survey organizations in Canada as supported by the Canada Department of 
Agriculture, provincial departments of agriculture, departments of soil 
science at universities, and research councils. 

Over the years, the self-coordinated effort of you and your prede
cessors, with but modest resources, has yielded rich benefits to Canada 
and to the world. From the earliest days your contributions to the 
knowledge and understanding of our soils have been put to practical use 
not only in agriculture but in a great variety of ways . In addition, 
your approach to soil survey and your expertise has been and is in world 
demand. 

Recent contri butfons such as the handbook on the 11 System of Soil 
Classification for Canada" , the soil map of Canada, and land capability 
assessments are landmarks of the progress that has been made. 

We cannot, however, rest on our laurel s. Our soils are our principal 
natural resource and use, management , and conservation are involving us in 
interdisciplinary studies involving not only pedologists but meteorologists , 
biologists, economists, and others. This is reflected in the program for 
this week's session. It becomes increasingly important to coordinate 
efforts both within and between disciplines to ensure real progress 
rather than simply applying band aids to specific problems. 

T~l/o factors are in your favour: the quickening interest of the 
public in environmental management and the rapid development of sophis
ticated technology to apply in the attainment of new knowledge and the 
solution of problems. Your early and continued emphasis on soil 
conservation must be nurtured into full bloom and you must be ready to 
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make your contribution toward t he expl oitati on of technological advances 
such as those heralded with pl ans for earth resource satelli tes and remote 
airborne sensing. 

I wi sh you all success in your deliberations and that they will lead 
to inspiration which will enh ance your indi vidual and collective contribu
tions . 
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REPORT OF THE SUBCOMMITTEE ON THE CLASSIFICATION OF LANI.JFORMS 

D. F. Acton, Chairman 

The terms of reference of this subcorrmittee, as outlined by Dr. W. 
Ehrlich, were 11 a system for national use is needed and it is hoped that 
a scheme can be submitted for trial purposes. Consideration should be 
given to those used in other disciplines". 

After considerable discussion by correspondence and in subcommittee 
meetings it was apparent that there is no currently available system for 
classifying landforms which would be suited for use in soil surveys. Most 
of these subcommittee members felt a need for developing a system to serve 
our particular purposes . As a consequence of this, it was approved by the 
national committee that the Chairman of the Canada Soil Survey Committee 
ensure that a working committee be established to press toward the develop
ment of a 1 and form cl ass i fi cation scheme for Canada. Such a committee 
should have representation from the Canada Soil Survey Committee, the 
National Committee of Forest Lands and geomorphologists working regionally, 
but under national guidelines. An integral part of this development will 
be description and definition of local forms, field trips, and meetings 
in addition to the regular meetings of the Canada Soi 1 Survey Committee 
to fully develop the system. It is apparent that a working committee 
mus t begin by establishing a number of terms of reference to be applied 
nationally . From discussion two are obvious: l) Oefi ni ti on of 1 and form 
or any other physical attributes to be included in the classification. 
Some individuals would include soils, vegetation, hydrology, etc. in a 
proposed scheme. Others feel a strictly geomorphological scheme should 
be developed and the title 11 Landform Classification" should be changed to 
"Geomorphological Classification"; 2) The basis for classification. 
Various approaches can be taken, e.g., physiographic, descriptive, genetic . 
There is strong feeling about the use of genesis in a classification scheme . 
Some feel they need a system where they can draw on intuitive judgments 
based on the inferred genesis of landforms. Others, primarily those 
involved \vith detailed soil surveys, prefer a system where form is stressed 
with littl e, if any, reference to genesis. 

Considerable effort was forthcoming from members of the subcommittee 
in an attempt to provide description and classification of common or 
special types of 1 and or peat forms for the parti cular area in which they 
have been working . These contributions and a brief resume of contents are: 

1) Classification of Peat Landforms in Hanitoba by C. Tarnocai, 
Department of Soil Science, University of Manitoba. A four 
category classification scheme is presented . All units are 
defined, briefly described, and very well illustrated with 
schematic diagrams and photographs. References. 

2) Use of Land Classification Concepts as a Basis for a Reconnaissance 
Soil Survey in North Eastern 8ritish Columbia. K.W.G. Valentine, 
Can. J. Soil Sci., Vol. 50, 71 - 77 . 
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3) Landforms of Ontario. John Gillespie, Department of Soi l Science, 
University of Guelph . A four category classification scheme using 
pattern slope, frequency and soil profiles is presented. The 
highest level is illustrated by schematic diagrams. 

4a ) Field Symbolic Scheme Used by the 8.C . Provincial Soi l Survey 
Ui vi si on . 

4b) t:.iescription of Landforms (Cordill era and Pacific Coast ). G.G. Runka. 
Ten genetic and 17 morphologic groupings are defined and briefly 
described . 

4c) A Suggested Landform Class ification by G.G. Runk a and R. C. Kowall, 
Soils Division , B. C. Department of Agriculture. A three category 
system is presented here. The highest level separates forms 
occurring on unconsolidated non- residual material s from those on 
consolidated and unconsolidated res idual materials . Vario us 
genetic and morpholi gic units si milar to those presented in 4b are 
used to subdivide the fonner group. The latter group is sub
divided on rock type . 

5) A Brief Description of Some Canadian Landforms. D. F. Acton , 
Sas katchev,an Institute of Pedo 1 ogy, John Mi tche 11 Building , 
University of Saskatchewan . A three category system is used as 
a basis for description of landform types in Canada with particular 
nifcrencc to forms in the Great Pl ains Region. Illustrated l'Jith 
photographs . References. 

A consideration of the different material presented indicates, on t he 
one hand , the distinct possibility of preparing a comprehensive cl assifica
tion scheme for the Cordilleran and Great Plains regions which would be 
suitable for soi l mapping. On the ot her hand , this material also indicates 
the di fferent approaches used by groups working in different regions of the 
co untry, particularly those where detailed soi 1 surveys are more common. 

The C. S.S . C. recommended t ltat the subcommittee be continued . 
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REPORT OF THE SUBCOMMITTEE ON SOIL MOISTURE REGIMES 

J. A. McKeague, Chairman 

This subcommittee has considered possible improvements in the present 
soil drainage classes as ·well as other aspects of soil moisture regimes. 
The term 11 soil moisture regime 11 refers to the moisture status of the 
soil throughout the year . It includes several aspects: duration of 
flooding, depth to water table throughout the year , amount of water held 
by the soi 1 at various tensions, capacity of the soil to transmit water, 
water contents at various depths throughout the season, and probably 
others. 

Opinions of those asked varied widely regarding the adequacy of the 
present soil drainage classes. Some stated that they paid little atten
tion to the present definitions but assigned drainage classes mainly on 
the basis of topography and vegetation . Others considered that the 
present classes were useful and that the definitions were sufficiently 
general to permit fl exibility according to local conditions . In general, 
however, it was clear that the present soil drainage classes are far from 
ideal if they are intended to indicate soil moisture regimes. For example 
soils with widely different moisture regimes might be classified correctly 
as poorly drained: 

1. A clay soi l that transmits water very slowly in a subhumid region. 
The water table might be more than 10 feet below the surface. 

2. A soil in a closed depression in a semiarid area. The soil might 
be flooded with 2 feet of water in the spring and be below the 
wilting point near the surface in the fall. 

3. A sandy soi l in level terrain in a humid area. The water table might 
fluctuate between O and 4 ft. throughout the year and the soil might 
be moist continuously below 1 foot. 

A problem with the present definitions of the drainage classes is 
that they are based largely upon the occurrence of soil moi sture in 
excess of field capacity for various periods. It was pointed out that 
field capacity is not an easily definable state and that it is difficult 
to estimate wllen a soil is at field capacity. It was suggested that 
11 waterlogged, less than 10 cm tension 11 be substituted for 11 above field 
capacity 11 in the definitions of soil drainage classes but the general 
feeling seemed to be that this change would not simplify the distinction 
of the various drainage classes. 

The set of 4 soil moisture regime classes and the subclasses proposed 
by the Soi 1 Climate Subcommittee might replace the present soil drainage 
classes. However, since it seems to be difficult to distinguish con
sistently among 6 soil drainage classes, more problems would be encountered 
in trying to distinguish among 12 except in areas where many soil moisture 
regime data were available . In areas of reconnaissance surveys, most sites 



- 10 -

are vi sited only once and the soil drainage class must be estimated from 
soil morphology, vegetation and topography. 

The s ubcommittee recommends no change in the present soi 1 drainage 
cl asses . However , the criteri a by whi ch t he drainage cl asses are ass igned 
should be specifi ed by each soi l survey unit . These criteri a should be 
given i n the report on soil drai nage cl asses whether or not t hey differ 
in various regions. Thi s should make the soil drainage cl asses more 
meaningful and usable to those who are not famili ar with the folkl ore 
associated with t he recognition of soil drain age cl asses in vari ous 
regions . 

It became evident to t he subcommittee that, for a number of soils , 
comprehensive data on the moi sture regime were available . A system of 
classifyin g the various aspects of soil moisture regimes seemed desirab l e 
to encourage the coll ection of t he necessary data and to provide a frame
work for re cording such data. We considered the kinds of data that were 
necessary to permi t a more useful and adequate characterizati on of soi l 
moi sture regimes. In order to do this, we had to thi nk about how soi l 
moi sture regime information coul d be used. Broadly speaking , it seemed 
evident t hat if it is worthwhile to map t he soils of the count ry and to 
assemble a l arge body of data on their morphologies, textures, chemi cal 
properties, et c., it would be useful to know the detail s of t he moi s t ure 
regimes of t he soil s mapped. Of course, soil moi sture is a dynami c 
property and its characterization requires repeated meas urements. All 
potential users of soil survey information are interested in one or mo re 
aspects of soil rno1s1.ure reg1t11t:!S: agro110,n1 s1. ctnd 10rt!ster - available 
moisture holding capacity, water table, . . .. ; wildlife special i st -
durat ion of floodin g .. .. ; engineer - permeability, water table, moisture 
holding capacity .... ; resource planner - all aspects presumably ; 
hydrologi st - infiltration rate, moi sture holding capacity .... The li st 
i s incompl ete and perhaps the most impo rtant aspects are not i ncluded but 
i t seems evi dent that any user of soil would need information on so il 
moi sture regimes. Some of t he infonnation of soil moisture regime can 
be inferred from other properties. 

Unfortunately, a 1 arge gap exists between the po ten ti a 1 re 1 evance 
of soil moisture regi me da ta and t he uses that are made of this i nforma
tion. Several people on t he s ubcommittee and others who contributed 
opi nions stated that very littl e use \11as being made of existing so il 
moi sture data. Two of the reasons for this were apparently that many 
data are buried in personal files, and that potential users in other 
discip li nes do not know of the soil moisture data availabl e from soil s 
spec i alists. Soil moi sture data are used in making crop yield predictions, 
planni ng drainage systems, calculating irrigation requirements, etc. 

We made an attempt to 1 i s t t he soil moisture regime data t hat would 
be desira~le assuming that i t would be feasibl e to obt ain these data and 
that the data would be known to and applied by potential users . Several 
kinds of data seemed des irable and it appears unnecessary to try to 
i ntegrate these data to gi ve one set of soi l drainage classes. Rather, 
separate cl asses for surface water, 11/ater tabl e depth, etc. are suggested. 
l·iany numbers would be invol ved but this i s no problem if a computeri zed 
system of data s to rage and retrieval is established. 



- 11 -

We propose that a system of classifying the various aspects of soil 
moisture regimes be developed over the next few years. This system 
would presumably be used in areas where detailed surveys were in progress 
and where many soil moisture data were either available or necessary for 
interpretive purposes. The system could not be used in areas where it 
was not feasible to obtain the necessary data. For example, seasonal 
changes in water table levels will not be available in areas where broad 
reconnaissance surveys are being done and where a site is seen only once. 
In cases wllere it is not feasible to obtain detailed soil moisture data , 
the former drainage classes would be used. Where adequate data can be 
obtained , the following aspects of soil moisture regime should be clas
sified: 

A. Surface water 

1. None except for a fe\\l minutes after heavy rains 
(la. standing; lb. moving). 

2. Occasionally for a few hours after heavy rains or during 
snowmelt . (2a. standing; 2b. moving) . 

3. A few days during snowmelt or after heavy rains. 
4. A few weeks after snowmelt most years. 
5. More than a month after snowmelt most years. 
6. More than 3 months after snowmelt most years. 

Tile cl asses are arbitrary. More useful ones could probably 
be suggested after a study of some data and after consultation 
with sci enti sts in other disciplines . Remote sensing should yield 
useful information on duration of flooding. 

B. Water table (the height at which water stands in an unlined borehol e 
in the unconsolidated surface material). 

Conti nuous records for several years are probably most useful 
and should be obtained if possible . However, high and low yearly 
l evels are, perhaps, adequate and such data are easier to handle. 
The classes proposed by the Northeast Group of the Soil Moisture 
Committee of the Soil Conservation Service, U.S . D.A., are suggested 
for trial. 

High water table 

1. < 0 inches 

2. 0-10 

3. 10-20 

4. 20-40 

5. 40-80 

6. > 80 

Annual fluctuation below the bottom 
of the apparent high water table class 

a) 0, b) 0-20, c) 20-40, d) 40-80 
e) > 80 inches. 

a) toe) as above 

a) toe) 

a) 0, b) 0-40, c) 40-80, d) > 80 

a) 0, b) 0-80, c) > 80 

Thus class 3d would indicate that the high water table was 
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between 10 and 20 inches and that the water table dropped to between 
60 and 100 inches. 

Probably a di fferent system of coding water table data would be 
necessary in irrigated areas. In many humid areas, a measurement of 
the water tabl e shortly after snowmelt and another in late August 
would define the high and low water tables. 

Some system probably should be devi sed for class ifyin g "perched" 
water tables. However, no clear definition was fo und and no data 
are avai l ab l e. Tentatively we suggest that a perched water tabl e is 
an accumulation of free water above an impermeable l ayer wi t hin the 
control section when t he underlying material is not saturated. Data 
are needed before classes can be suggested. 

Also, some system should be devised for indicating the degree 
of aeration or stagnation of the water below the water table . Its 
salt content and pH should also be detennined. 

C. Soil moi sture content 

Quantification of soil moi sture contents at various depths 
throughout the season would be desirable. Such data could be obtained 
only at a few specific sites in various regions but they wou ld be 
useful in evaluating estimates based on climatic data, soil morpl1ology, 
etc. 11oistu11.. 1..uni..1..11i.. v.., L1..11:.iu11 tla i..a \JOulci i.Je 11ecessary rur 1..he 
soils involved. No classes are suggested. 

D. Infiltration rate, permeability, aeration. 

Data on infiltration rates are necessary to assess surface 
runoff and erosion, and the amount of added water that actually 
enters the soil. It was pointed out that the values obtained depend 
greatly on surface cover, soil moisture content, etc. and that no 
adequate method is available. However, even approximate values 
would be better than no infonnation. 

Permeability values also depend strongly on the condition of 
the soi 1 at the time of measurement and on the method of measurement. 
l'lo generally accepted method that yields reliabl e values can be 
suggested. However, approximate data are better than none. 

{\n index of aeration based on tl1e volume of \vater drained from 
satur ated soil at 100 cm tension nrtght be useful. I t is being used 
in Britai n. 

If a system for characterizing so il moisture regimes rnor2 quanti
tatively i s to be developed, much information i s necessa ry and clearly 
we will not be abl e to ob tain and to assemble all of tile desired data 
quickly. ~Je have made some attempt to establi sh priorities but the 
choices may not be sound . Clearly, the priorities differ according to 
the cli mate, parent material and l and use in the area. For example, 
water t abl e in fonnation seems important in many humid areas and in 
irri gated areas but not in semi ar id areas that are no t i rrigated. 
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Initially we were inclined to give firs t priority to long term 
(3 years or so) studies of water table fluctuations in some of the 
major soils of different regions. This seemed reasonable from several 
points of view. 

1. Water tables are clearly important in the use of land for 
agriculture, forestry , construction, urban development. 

2. Water table levels and fluctuations are known to be important 
in soil genesis and not enough is knmlfn about re 1 ati onshi ps 
among soil morphology, water tables and we athering. 

3. Other countries ahead of us in the characteri zation of soil 
moisture regimes found it useful to obtain long term water 
table data . For exampl e, in the Netherlands after the war, 
records were kept of water l evel fluctuations in some 30,000 
observation well s. At present, i n the United States and in 
Great Britain, long term data on water tables are being 
col lected . 

We attempted to assemble the existing information on water table 
fluctuations in soil s in Canada and a part ial li st of sources of such 
informa tion as well as other soil water data is included 1'/ith this 
report. A main finding from this effort was that many potenti ally 
useful data on water tables had been unknown to us and probably we are 
still not aware of many other potenti ally useful data . Most of the 
avai l ab le data have been measured by workers in other di scipl i nes. 
Some major sources are: 

1. Inland Waters Branch, Department of Energy, Mines and 
Resources. Long term (10 years ) continuous meas urements 
of water tables are being made at about 500 sites t hrough
out the country. Many we 11 s are in areas where soils 
have been mapped . Not al l of the data will be relevant 
but some wi 11 . 

2. Provincial groups involved in hydrological studi es. 
e. g. Ontario Water Resources 

Saskatchewan Research Council 
Nova Scotia Department of Mines . 

3. Canada Dept. of Fores try and provincial Forestry Oepts. 

Because of the vast amount of water table data available f rom 
other sources, the first step should probably be to evaluate these data 
in relation to our needs. We need to know the kind of soi l , topography, 
~tc. at each observation well site. Sufficient water table data may be 
available for many so ils. Studies of variabi li ty in water tabl e depths 
in associ ated soils should be designed around sites where good long- term 
data are available. Further studies might be designed to fill in the 
gaps and to test the feas i bility of extrapol ati ng water tabl e data to 
s imilar areas i n the vicinity of observation wells. We suggest that 
within the next year existing water table data should be evaluated. 
This woul d probably involve someone in each province to undertake the 
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job of checking the observation well s i tes in the province and relating 
the data to specific soils . There i s a need al so to evaluate the useful
ness of \'later tabl es for interpretive purposes in vari ous regions. ~Je 
feel strongly that much useful information can be obtained 1,1ith very 
li ttle expense if we make use of data accumul ated by other agenci es . 

The second priority , in our opinion , should go to the detennina
tion of actual moi sture contents t hrougho ut several years of some major 
soil s in various regions . Some of t hese data are al ready availabl e 
especially from the Swift Current and Lethbridge areas and the Agro
meteorology group has established 11 sites for measurements on the 
prai ries. These data invol ve meas urements of soil moi sture contents to 
a depth of 4 ft . at seeding t ime and at harvest tirre. For some interpre
tive purposes, moi sture con tent data throughout the year may be necessary . 
The meas urements should be made at several depths; perhaps 0-6, 6-1 2 , 
12-24, and 24-40 in . Such data would be useful i n checking estimates 
of soil moi sture based on climatic data, they are an important aspect 
of the soil moi sture regime and t hey would be useful i n setting up soi l 
families . Thus we suggest that each province begi n assembling existing 
long- term soil moisture content data and making further meas urements for 
important soi l s. The choice of sites should be do ne cooperati vely with 
the soi l cl imate group when possible . 

The U. S. Soil Moisture Committee reported that soil surveyors can 
estimate by feel soil s t hat are below the wil ting point . This should 
ue checked and made a part of soil description if feas ibl e. 

Apart from water tabl e data and actual soi l moisture content data 
many other kinds of infonnation rel ated to soil moisture are des i rable 
both to characteri ze soil s and to make i nterpretations for various uses 
of them. The ki nds of i nformati on t hat are most necessary probably 
vary from region to region . For agronomic uses, the capacity of t he 
soil to s upply water and air to plant roots throughout the season i s, 
no doubt, important . Thus, soil moi sture retention curves wou ld be 
useful. For engineering interpretati ons some measure of shrinkage on 
drying , liquid limit , sensiti vity, e tc . are probab ly i mportant . It 
might be useful t o ma ke f urther at tempts to re l ate soil moi sture char
acteristics to particl e-s i ze-distributi on , organic matter content , 
kind of cl ay , etc . It has been poi nted out that soil moisture i s a 
dynami c enti ty and t ha t no reasonabl e amo unt of measurements will ade
quately cl1aracteri ze the soil moi sture regime. The best bet seems to 
be to depend as much as possi ble on information compu ted from meteoro
logical data and from the principl es of moi sture di s t r ibution in soil s . 
However, data are needed to check such computations. Calcul at ions f rom 
meteorolog ical data probably are most relevant to nearly l evel areas. 
Landform must be taken into account to assess soi l moi sture f rom 
meteorological data in most areas. 

Obvious ly the manpower i s not avail abl e to pennit the accumul ation 
of all kinds of data for all soil s and t hi s i s not necess ary. The 
usefu lnes s of vari ous kinds of soil moi s ture information for inter
pretative purposes should be assessed and data that are use fu l for 
specific purposes in various regi ons should receive priori ty . Assemblin g 
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the data on various aspects of soil moisture regimes is important and no 
doubt a computerized system of data storage and retrieval should be 
developed . 

A few points became increasingly evident during the considerations 
of this subcornnittee. 

1. There is a great need for more cooperation among agencies concerned 
with some aspects of soil moisture. Hydrologists, foresters, engineers 
and probably others are accumulating data and app lying techniques that are 
relevant both to the characterization of soil moisture regimes and to the 
interpretation of the information. More cooperation with these groups is 
essential if we have any serious intention of characterizing efficiently 
and usefully the soil resource. There is also a need for closer liaison 
among some of the subcommittees of C.S . S.C. For example, soil climate, 
soil moisture, landforms , engineering properties, soil survey data and 
maybe others, probably should have some form of liaison . 

2. A system of recording and retrieving soil moisture and other soil 
information so that it is availabl e to all potential users is essential. 
Many potentially useful data are lost in personal files. Many relatively 
useless data are probably lost too, but they should be available in order 
that they might be evaluated for various interpretive purposes . Un l ess 
some system is developed there is a high probability of useles s repetition 
of work and of failure to use what is available. 

3. The "soil drainage cl asses" are not adequate for characterizing the 
various aspects of the soil moisture regime but they are useful where 
detailed information is not available. 

Recommendations 

This subcommittee, in cooperation with others concerned, should: 

l. Uevelop a system of classifying the various aspects of soil moisture 
regimes: 1>1ater table, water content, etc. in a more quantitative 11Jay. 
Thi s system would be used mainly in areas 1>1here specific soil moisture 
regime data were needed . The slightly revised soil drainage classes 
would be used where data were not available. 

2. Re late water table data collected by other agencies to specific 
so il s, evaluate the need for further long-term water table data. 
Thi s wi ll involve a cooperative effort among one or more soils people 
from most provinces and scientists from other disciplines. 

3. Assemble existing long term data on soi l moisture contents, and 
make further measurements in order to check soil moisture contents 
computed from meteorological data. 

4. Criteri a upon wh ich the recognition of soi l drainage classes are 
based sho uld be spelled out by each survey unit. 
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Discussion 

~iillette - He teaches students to delineate as many as 14 drainage 
classes, based on mo rphology and topography . A detailed study on so il 
moisture regimes is in progress at Macdonald College. It is important 
to determine the morphological features that are re l ated closely to 
aspects of the soil moi sture regi me . 

McKeague - Millette would be asked to write up drainage class criteri a. 

Jurdant - Characteri zation of the soi l moisture regime should include 
an indi cation of presence or absence of seepage water. He cou ld supply 
information on how to recognize seepage . 

Uumanski - The groundwater observations outl ined seem unrealistic. 
Probably we shou ld rely on data such as the hydrogeological maps bein g 
prepared by the Research Council of Alberta . 

Ehrlich - The subcommittee should compile data and interpret how it can 
be used. 

- l·Jater tabl e information should be related to soil morpho logy. 

Baril - Are soi l series catalogued according to drainage classes? 

uay - They are ass i gned to c; " bgrour '- whirh imply drain age cl ass . 

Douglass - In t he U.S. it has been found that drainage classes cannot 
be based upon morphology. It is necessary to know the actual moi sture 
status of the soi l . 

Mackintosh - The quantification of soi l moi s ture regi me data i s important . 
Work on relating water table fluctuations to mottling is continui ng at 
Guel ph. 

de Jonq - Honey is not available t o do this kind of \'Wrk . 

Rowl es - Agreed that it is necessary to quantify soil moisture regime 
data . It i s necessary also to know the dynami cs of the system. 

Re nni e - Perhaps t he water budget of a landscape unit should be con
s idered rather than quantifying data for individual so ils . 

- Water budget involves many specific measurements. 

I would like t o thank t he members of the subconmii ttee for their 
contributions of ideas and information. We appreciate the cooperation 
of those in other agenci es and in other disciplines who suppl ied informa
tion. I thank G. C. Topp for recording t he di scussion . 



- 17 -

Su11Y11ary of Information on Soil Moisture Regimes in Canada 

This summary is based upon information suppli ed by members of this 
subcommittee, scientists in the Forestry Department, and hydrologists 
with the Inland Waters Branch of the Department of Energy , Mines and 
Resources. We are aware that much relevant information has probably 
been missed and further sources of information are sought. Such infor
mation should be sent to the chairman of this subcommittee. Information 
on how the soil moisture data have been used would also be of interest. 

I l4ater- tabl e information 

A. From soil scientists in agriculture. 

1. B.C. a) Records for 4 to 10 years of water table fl uc
tuations in 4 soils in the Fraser Vall ey and shorter term 
records for 12 other sites. The measurements were made 
by M. G. Driehuyzen to assess the effecti veness of drains. 

2. Alta. a) Many unpublished data on water tabl es in the 
irrigated area are available from studies done at Vauxhall 
and Lethbridge. 

b) Published data: 
- Van Schaik and Milne 1963. Can. J. Soil Sci . 43, 135 -

Upward movement of sa lts above a shallow water table. 
- Graveland 1970. Can. J. Soil Sci . 50, 43 - Water table 

in relation to applied water, and salt movement. 
- Rapp and Van Schaik 1970 . Can. J . Agr. Eng. -

Water table as influenced by irrigation . 

3. Sask . a) Study in progress on water tabl es in and around 
a pothol e. 

4. 

5 . 

Man. - Water table data over 3 or 4 years for a few soi l s. 

Ont. a) Water table and associated measurements at Elora 
farm, by Soils Dept. at Guelph. 

b) Crown and Hoffman 1970. Can . J . Soi l Sci . 50 -
\!Jater tables for 1 season in relation to mo rphology - 4 sites. 

c) McKeague 1965. Can. J. Soil Sci ., 2 year water 
table, Eh, temperature and moisture data for 3 sandy and 
3 clayey soils. 

6. Quebec - ? 

7. New Brunswick . 
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8. Nova Scotia a) Nowland - Current study of water table, 
Eh, moi sture content, temperature in relation to morphology 
and development of soils of the Tormentine catena. Data 
for 1 year. 

9. P.E.I. - ? 

10 . Nfld. a) Rayment - vJater table in drained and undrained 
peat soils in relation to crop growth - several years. 

11. Yukon and N.W.T. 

B. From sources other than soil scientists in agriculture. 

1. Inland Waters Branch, E.M.R. - About 500 water table wells 
throughout the country . Long tenn, continuous measurements 
of water tables are made. Specific locations will be 
suppli ed by Inland Waters as well as data when they are 
organized into summary form. 

2. Canada Dept. of Forestry. 

a) Smith in B.C. - water t ables measured in May, July 
and Sept. in 39 wells including 8 soils (Interior 
Western Hemlock 70ne?) 

b) Turnock in Man. - Southern Interlake and S. E. ~an. -
tamarack stands, water tables throughout 4-15 years 
in 6 organic and l mineral soil plots. Related to 
weather data . 

c) Oswald in Man . - water table data t hroughout several 
years for 32 sites in S.E. Manitoba . Sites range from 
dry to ~iet. 

d) Fraser in Ont . - Forestry nes . Div . Tech . Note No. 55, 
1957 - water table data for soi l s in Petawawa forest. 

3. Provincial agencies concerned with hydrology. 

B.C. - Dept. of Lands, Forests and Water Resources . 
Alta . Research Council - groundwater wells, hydrogeological 

maps. 
Sask . Research Council - 26 groundwater observation well s. 
Man . Dept. of Agriculture and Conservation . 
Ont . Water Resources. Many long term data on water levels 

in well s. 
Quebec Dept . of Natural Resources. 
N.B. Dept. of Natural Resources. 
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N.S . Dept. of Mines - 12 observation well s - groundv,ater 
leve ls in relation to cl imate. 

P.E.I. Water Authori ty . 
Nfl d. 
Yukon and N.W.T. 

I I. Informati on of soil moisture regi mes other t han vJater table data. 

B.C . 

Alta. 

Sask. 

Man. 

- Moisture retention curves - 10 to 15 soils - Soils Dept . 
- Permeability - fie1d methods - 2 or 3 soils, cores 10 to 15 . 

Current work i ncludes i n situ meas urements of soil hydrologic 
properties (moisture retention curves) and a hydrometeoro
logical study i nvolving several agencies (Black, Soils Dept. ) 
Permeability - auger hole method - Fraser Valley soils -
Driehuyzen. 

- Moisture equivalent and wil ti ng point - many samples. 
- Hydrauli c conductivities of disturbed samples - many 

measurements have been made at Edmont on and at Vauxhall. 
Infi ltration rates, Edmonton area - Verma and Toogood, 1969. 
Can. J . Soil Sci. 49, 109. 

~ Groundwater movement (sites at Olds and Vegrevi ll e ). 
3 year data on moisture content to 4 ft., weekly readi ngs, 
neutron probe, several soi l s at Breton. 

- Soi l moisture content da ta at seeding time and harvest and 
wilti ng poi nts, Swift Current. A great deal of long t erm 
data are available. Some has been published by Staple and 
associates: Can . J . Agr. Sci . 34, 553; Can. J . Soil Sci. 
40 , 80; Can. J . Soil Sci . 45, 207. Other data are avai l 
able i n Research Re ports from Swift Current and some are 
unpublished i n any form. The data have been related t o 
yie lds. 
Long term soil moisture data are being obtai ned at 
t he Matador site . 
Infiltration rate - Bisal, Can. J . Soi l Sci . 47, 33. 

- Moisture re tention data for all classes of soils - Soi l s Dept. 
- A few hydraulic conductivity and oxygen diffusion rate 

data - Soils Dept. 
- Shaykewi ch and Zwarich, Can . J . Soil Sci . 48, 199 . - Re lat ed 

wilting point, fie l d capacity, bulk density - avai lable 
water to particle-size-distribution organic matter and 
CaC03 for 39 Chernozemic soils. 
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Infiltration rate and runoff on Guelph l . - 9 yrs . 
Can . J. Soil Sci . 38, 44 . 
Baier, Can . J . Soil Sci. 49, 181. Comparison of measured 
and esti mated soi l water contents t hroughout several years 
at C. E. F. , 0 t taw a. 

- Some soil moisture retention curves - Soi ls Dept. Guelph. 
- Soil moisture retention data - Petawawa Forest - C. R. Clements. 

Quebec 

N.B. 

Hamid and \~arkentin . Can. J . Soil Sci. 38, 44 - lateral 
movement of water be l ow the water table of Ste. Rosalie cl ay. 

- Many data on wilting point, moi sture equival ent, poros ity 
for all hori zons of a number of soi ls . Soi l Survey . 

~j . s. 

P.E. I. 

Nfl d. 

Yukon and N.W.T. 
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REPORT OF THE SUBCOMMITTEE ON SOIL CLIMATE 
IN RELATION TO SOIL CLASSIFICATION AND INTERPRETATION 

A. R. Mack, Chairman 

In 1968 at the seventh meeting of the C.S.S . C., Mr. Earl Bowser pre
sented the first report of this subcommittee. In his report the subcom
mittee suggested that geographic areas and soil groups should be defined 
with more precise climatic attributes. He pointed out that a body of 
climatic data for various areas was being accumulated and that sophisticated 
computational methods were becoming available for application. 

In the last several years research workers in a few provinces have 
been summarizing aerial data and associating it with certain soil features. 
However, few have organized climatic data of the soil system itself on a 
national basis. 

Since the time of the first report in 1968, Mr. J. Clayton has been 
organizing meteorological soil data. He evolved a comprehensive soil 
climatic map and a framework for characterizing various climatic aspects 
of the soil regimes. Much of the data was made available through the 
excellent cooperation of various members of the Agrometeorology Section, 
C.D.A . Mr. Clayton first presented a tentative proposal for a soil 
climate map (1 :5,000,000) and for a framework to characterize regional 
soil climate at the National Meeting of the Canada Soil Fertility Committee 
in February, 1970, Ottawa. Later, they were submitted to the Soil Climate 
Subcommittee of the C.S.S . C. for consideration. Suggestions from the 
members were received particularly as to the reasonableness of the 
boundary lines in each of the provinces and many of these were incorporated 
in the revised map (October, 1970). 

The work in developing the FAQ/UNESCO Map of North America and the 
Soil Map of Canada has necessitated serious consideration of climatic 
phases for characterization of map units and made it imperative that 
further work be done in this regard. Fortunately, concurrent with these 
activities by members of the C.S.S.C. , was the publication of considerable 
data on soil temperatures from the Meteorological Branch, DOT, and a 
series of publications from the Agrometeorology Section, C. D.A., enabling 
a more sophisticated evaluation of soil moisture and temperature data 
from meteorological records. 

From these accumulated data, a quantitative approach to characteri ze 
soil moisture and temperature was attempted which would enable correla
tion with similarly developing concepts of soil moisture and temperature 
relationships used in the classification of soils for the FAQ/UNESCO 
project and in the classification of soils in the United States. 
Hopefully, it may serve as a broad framework for practical interpretation 
of a regional environment and as a basis for more sophisticated macro-
and micro-soil climatological studies in the future . Thus , close coopera
tion has been maintained by Mr. Clayton with Dr. Dudal, Rome , and vJith 
Dr. Smith and Dr. Grossman in the U. S. 



- 22 -

The Soil Climate Map of Canada reviewed by the subcommittee recognizes 
two separate criteria: (1) soil heat and (2) soil moi sture. 

(1) So il Heat: 

Soil heat relationships were used as t he criterium for the initial 
divi s ion into "cl asses ". The classes may be grouped with respect to 
severity of temperature li miting the growing conditions, e.g., Arctic; 
and the cl asses may be subdivided as to ma~nitude of the difference 
between the seasons (Continental, Maritime ). Classes (soil heat ) proposed: 

1. Extremely Cold , Arctic - with permafrost 
2. Very Cold, Subarctic - with local or di sconti nuous pennafrost 
3. Cold (Continental , Mariti me ) 
4. Very Cool (Continental, Maritime) 
5. Cool (Continental, Maritime) 
6. Mi 1d (Continental, ~iaritime ) 
7. Moderately Warm (Continental, Mariti me) 
8. Warm 
9. Very Warm 
l 0. Hot 

To assess the soil heat criterium, soil temperature at the 50-cm 
depth (20 inch ) was selected to provide the basic data supplerrented by 
that from other depths (10-, 20- and 100-cm). At the 50-cm depth, 
vari at ion i s minimal and thP gPnPra l trend of mean ~oi l t emperatures 
of shallower depths i s reflected . Data from the network of stations of 
the Meteorological Branch, Department of Transport, provided the best 
comprehensive body of soil temperatures on a comparable basis that was 
avai labl e for this purpose. Graphs were developed by manual and auto
computer plotter showing t he temperatures at se lected depths (20, 50, 
100-cm) throughout a 550-day period for several of the stations . Calcula
tions were made from the data and from these graphs of the length , degree, 
and intensity of vari ous seasons of the year . The data were tabulated and 
grouped accordi ng to geographic regions. Aerial data from over 700 
meteorological stations were also util ized, e. g. , crop heat units to 
provide supplemental information . Incorporating this information with 
kno\'m physi ographi c features of the 1 ands cape together with natura 1 
vegetation , cultivated cropping practices , soil types, etc . , a provisional 
map (scale 1 :5 ,000,000 ) was prepared, reviewed by members of the subcom
mittee representing each pro vi nee, and presented at the plenary session 
for acceptance by the C. S.S.C. subject to revision . 

In addition to the proposed classes for a Soil Cli mate r·.,lap, the 
subcommittee was presented with a proposal for a framework to describe 
and ci'1aracteri ze t he soi 1 temperature con di ti ans of an area in more 
detai l than would the map. Hopefully , selected parameters will eventually 
provide a quantitative basis for a climatic classification of t he soil 
ecosystem. Tab le 1 presents the basi s for characterizing the seasons 
with respect to the soil biosystem. By this approach the year is 
divided into seasons during which biological activity in the soil bio
system usually is acti ve and relatively inactive. Temperature at the 
50-cm depth was selected as the criterium on which to make t hi s di vi sion, 
and 5°C (41°F) was taken as the temperature for separating these two main 
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growth conditions (Seasons ). Provision was made to divide the Seasons 
into Periods to further describe the soil heat conditions. At present , 
each season was divided into Periods <and > 15°C (59°F) \'1ithin the 
Growing Season, and < and > 0°C (32°F) within the Oonnancy Season. 

Table l. Characterization of the Seasons and Periods 

Growing Season - the periods when the soi l 
temperature (50 cm) is> 5°C (41°F) 

P1: Mild Growth Period 
>. 5°C (41 °F) but < l 5°C (5 9°F) 

P2: Thermal Growth Period 
> l 5°C (59° F) 

Dormancy Season - the periods \<1h en the soi 1 
temperature (50 cm) is < 5°C (41 °F) 

P3: Cool Dormant Period 
< 5°C (41°F) but> 0°C (32°F) 

P4: Frozen Dormant Period 
< 0°C ( 32° F) 

The depth of the soil frozen during the "Frozen Dormant 
Period" may be expressed and coded as: 

Code 

0 
l 
2 
3 

Depth of Freeze 

No freezing at 20 cm (8-inch ) 
Frozen at 20 cm (A- inch) 
Frozen at 50 cm (20-inch ) 
Frozen at 100 cm (40-inch ) 

Each season or period may be characterized by parameters 
such as : 

- Length of season or period in days 
- Accumulated degree-days within the respective 

temperature levels 
- Mean soil temperature for the months the temperature 

is within the respective defined levels or for 
December, January and February as may be stipulated. 



- 24 -

This could 1 ater be extended if found necessary . 

In order that terminology associated \-1ith time periods and t emperature 
conditions may be consistent , descriptive terms (i .e., adjectives ) were 
coded and assigned to specific numbers of days (months) and temperature 
ranges. These terms could then be used to describe or code each of tile 
seasons or periods of the soil biosystem as to the length and in tens i ty 
if its heat condition. These are presented in Tables 2 and 3. The 
symmetry of the time scal e for long and short periods is illustrated 
in Figure l . 

An illustration of how these various aspects may be integrated in 
a classification system is presented in Chart 1 when the mean temperature 
is used as the c l assifying base for the period in question. Included 
also in Chart 1 are the associated biological conditions and present 
United States s oi 1 temperature regimes. 
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Table 2. Descriptive Time-scale Terminology 

Code Description Time Period 
Number Term Months Days 

0 none 0 0 
1 insignificant < 0.5 months < 15 days 
2 very short 0.5-2 months 15-60 days 
3 short 2-4 months 60-120 days 
4 moderately short 4-6 months 120-180 days 
5 moderately long 6-8 months 180-240 days 
6 long 8-10 months 240-300 days 
7 very long 10-11. 5 months 300-345 days 
8 nearly continuous 11 . 5-12 months 345-365 days 
9 continuous 12 365 days 

Table 3. Descriptive Temperature-scale Terminology 

Code Temperature (OF) Descriptive Term 

l < 20°F extremely cold 
2 20° - < 32° very cold 

3 > 32° - 36° cold 
4 > 36° - 41° very cool 

5 > 41° - 47° cool 
6 > 47° - 59° mild 

7 > 59° - 65° moderately warm 
8 > 65° - 72° warm 

9 > 720 - 85° very warm 
10 > 85° hot 

The Temperature Climatic Coding thus is based on a combination of 
the Code Number for a particular Time and Temperature for a season or 
period. 

e.g. 45 is moderately short, cool 
62 is long, very cold 
56 is moderately long, mild 
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(2) Soil moisture : 

Soil moisture re l ationships we re used to establi s h subclasses 1vi t hin 
the heat cl asses of the Soil Climate Map . Ten di visions were mapped to 
differentiate a range of moisture conditions from that having free water 
surface (Aqueous ) to that of having a very shor t moi s t period (Perarid) . 
Provision was included in the system for 2 additional dry condi tions , 
Aridic and Torrie. A series of parameters were as signed to the divisions 
and used collective ly in mapping the moisture s ubclasses (Chart 2) . The 
Irrigation Req uirement* and the Climatic Moisture Index** were used 
extensively as summarized in Table 4. It is recogni zed t hat the framework 
for a mo i sture characteri zation i s still quite inadequate and future 
cons ideration must be gi ven to aspect s of surplus moisture. 

Table 4. Descriptive requirements for the moi s ture 
subclas s of the Moi s t Regime 

Stmbol Moisture Irrigation Regui rement Climatic Moisture Index 

j 
h 
g 
f 
e 
d 

perarid > 1211 < 25 
ari d > 7. 5" - 1211 25 - 45 
semi ar i d 5 - 7 1: 11 • ::> 45 - 58 
sub-humid 2.5 - 5. 0 11 58 - 73 
humic 1 - 2. 5'' 73 - 84 
perllumi d 0 - 1 " 84 + 

Irrigation Reguirement in inches 

Based on 50% ri sk. Storage capacity 2" and transpiration at . 75 
of potential rate. 

Climati c Moi sture Index 

Express i ng seasonal precipi t at ion as a percentage of potential wat er 
use by annual crops . 

*Soil Moi sture Criteria as taken from computations by Coli gado , Bai er 
and Sly . 1968 Tech . Bu l l . Nos. 17- 58, 61-77 ~ Agrometeorol ogy Section , 
Plant Res. Inst., Can. Dep. Agr. , Ottawa, 34 pp . 

**A cl imatic moi sture index for land and soi l cl assification in Canada. 
W. K. Sly . Can. J . Soi l Sci . 50 : 291- 301. 1970 . 
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In surm1ary, the soi 1 climate may be described and coded with respect 
to its soil heat and moisture using termi nology in Tables 1 , 2, 3 and 4 
and Chart 2. For a place such as Vauxhall this would be : 

s1 Growing Season: 56 h - Moderately long, mild, arid 

P 2 Warm Growth Period : 37 - Short moderately 1·1arm 

s2 

P4 

Dormancy Season: 43 - Moderately short , cold 

Froze n llormant Period: 32.3 - Short , very cold, frozen to 40 inches 

Therefore, the total coding to represent the soi l temperature and 
moisture condition for the seasons and periods (s1- P2-s2-P4) for Vauxhall is : 

56 h - 37 - 43 - 32. 3 

The seasona 1 soi 1- temperature patterns for Ottawa and S\'li ft Current 
illustrate the seasonal characteri stics for the respective locations 
supplemented by associated data summarized from meteorological records 
(Fig. 2 and 3) . A copy of the legend which accompanied the Soil Climate 
Map of Canada (Revised October 1970 ) i s given in Table 5. 

Reports were presented to the s ubcommittee meeti ng on October 20 
by t he foll O\'Jing members of the Agrometeorol ogy Section, C. ll. A. The 
papers are appended to the report . 

Llr. Bctier. Soil temperature and soil moi sture reg1m~s 1n Lanacta. 
ur . W. Sly: Soil moisture index. 
i·lr. D. ~Jilliams: Computer plotting of climatic areas. 

The fo 11 owing recommendations were approved by the subconmi ttee and 
presented to the plenary sessi on . Moved by A. R. Mack, seconded by 
J . Cl ayton . After considerable discuss ion on item No. 1, they were 
approved by the plenary session. 

The subcommittee recorm1end: 

1. That the soi l climate map of Canada as presented be accepted for use 
on a provisional basis subject to subsequent revis ions within its 
broad framework. It is expected that it \'/ould constitute a segment 
of an overall environmental map of t he soil -air ecosystem. The 
committee wishes to promote tes ting of parameters on which it is based. 

2. The Agrometeorology Section, Plant nes earch Institute, in close 
cooperation with the Soil Research Institute and other members of 
the subcommittee continues the developmen t and app li cation of 
agroclimatic techniques for generating climatic data and for esti
mating sel ected parameters of the climate, the soil temperature and 
so i l moi sture regimes in Canada. 

3. That information from studies being conducted on soil-c limate 
interactions be coordinated among tl1e univers ity departments and 
researcn groups in Canada and encouragement be given to develop 
techniques for the solution of sel ected problems. 
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4. That the regional members of the s ubcommittee be responsiL le for 
conveying information on studi es pertai ning to soil - climate to the 
chairman or other designated person for its di ssemi nation. 

5. Efforts should be continued to calculate , plot and map by computer 
area l distribution of the cl imatic parameters from site est imates 
by staff members of the Soil Researcl1 and Plant Research institutes. 

6. The continued development of the codi ng system to relate quantita
t ive ly parameters of the air climate and soil climate (soi l temperature 
and soi l moisture regimes, such as deficits, surplus, l ength of grovdng 
season and degree days ) to the proposed classes and subclasses of the 
Soil Climate Map . 

7. Consideration should be given to collection of standardized soil 
temperature data and the development of physical models for estimating 
soil temperature and moisture regimes at various levels from standard 
climatic and special microclimatic observations . 

8. Liaison be maintai ned with developments in remote sensing techniques 
es pecially in its application to soil-climatic studies. 

9. Continued cooperation with simil ar projects undertaken by comparab le 
committees in the U. S. and elsewhere. 
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SOIL TEMPEHATURE /\ND SOIL MOISTURE REGil~ES IN C/\NAlJA 

W. Baier and U. /\. Russelo 
/\qrometeorology Section, Plant l{esearcll Institute, Ottmva 

Abstract 

This report describes techniques which require standard climatic 
data as input and provide parameters of the soil temperature and soil 
moisture regimes as presently used in the Canadian soil climatic coding 
system. Daily air or soil temperatures are interpolated from monthly 
averages and plotted. Dates when these daily temperatures cross selected 
thresholds are tabulated. These dates are then used to define the 
iJegi nni ng and end of tile growing, dormant and freeze seasons. Because 
of the complex interactions between air temperature, radiation and snmv 
cover, air temperature alone is not a reliable estimator for soil tem
perature in Canada. A computer technique is available for analyzing 
the soil moisture regime for peri ads as determined by air or soi 1 
temperature thresholds from daily standard climatic data. The tabulated 
output contains for each of six storage capacities: average and probable 
spring soil moisture contents, growing season deficits and surplus from 
precipitat ion as v,ell as from rain for the growing, dormant and freeze 
seasons. Res ults from these analyses for 67 selected stations in Canada 
are uriefly discussed. Suggestions are offered as to future applications 
of these techniques in a modified Canadian soil climatic coding system. 

Introduction 

This analysis of the soil climate at selected locations across 
Canada initiated from the 1968 recommendations of this subcommittee for 
a much more precise definition of geographic areas and soil groups in 
terms of soi l temperature and moisture characteristics. The committee 
suggested to prepare information on: 

(1) Complete average and probable t emperature and moisture data. 
(2) Temperature conditions and surplus water availabl e for leaching. 
(3) Frequency and duration of conditions of deficit moisture. 

In tile first approach, J. S. Clayton developed a soil climatic coding 
and classification system using soil temperature observations and agro
climatic data mainly derived from techniques by staff members of the 
Agrometeorology Section, Plant Research Institute. The derived data 
included estimates of degree days (Williams and Sharp, 1967) , potential 
evapotranspiration (Baier and Robertson, 1965 ), irrigation requirements 
(Coligado et al. 1968 ) and a climatic moi sture index (Sly, in press). 
The soil climatic classes \I/ere then defined in terms of seasonal temper
atures and subdivided according to moisture conditions. A preliminary 
soil climatic map was prepared by the Soil Research Institute . This map 
is unique and presents for the first time combined information derived 
from soils and climatic data. Certain limitations result from a la ck 
of data and techniques. In particular, monthly soil temperature avera<ies 
were available only for 44 stations over various lengths of time . Soi l 
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moi sture criteri a were taken from irrigation requirements and a moi s ture 
inde x compu ted on a cal endar basis (A pri l 30 to September 30 ) and not for 
the growing season as determi ned by ai r or soi 1 temperatures . 

Techniques are being developed for estimating soil temper ature from 
air temperature records. From these data together with observed daily 
precipitation and computed potent i al evapotranspiration, additional soil 
moi sture cha racterist i cs wer e obtained including average and probabl e 
moi sture contents at the beginning of t he growing season, defi ci t and 
surplus res ulting from precipitation and from rain only during t he 
growing , dormant and freeze seasons. These techniques, which req uire 
only standard climatic data as input , wi ll be briefly described and 
prelimin ary results 1-Jill be presented for 67 sel ected stati ons across 
Canada . 

Procedure 

For quick reference, a definition of t erms used in t he soil temper
ature and soil moi s ture anal yses is given on page 42. 

Soil Temperature 

The soi 1 t empe rature at 50 cm (20 i nciles ) depth was taken as tl1e 
con tro 1 for t he beginning and end of the seasons used i n Clayton I s soi ·1 
climatic coding . Th i s depth was se l ected because t he diurn al temperature 
variations are sma 11 but s ti 11 reflect t he weather con di ti ons dur i nq t he 
preceding days. Researchers 111 tile U. S. al so used tt1is c;:ontrol depth 
in thei r soil -cl imate classifications. For compari s on purposes, soil 
tempe rature analys i s based on ava il abl e records are he re presented for 
depths of 20 cm (8 inches) , 50 cm (20 in ches ) and 100 cm (40 inches ) as 
1,1ell as for air temperatures i n the screen at 4 feet heiqllt. 

Tile prese nt soil climat i c colli ng system makes use of so il temperature 
and soi 1 moi sture characteristics during four season s 111il i ch are based on 
the average soil t empe rature at 50 cm depth , as fo ll ows: 

Growing season > 41 ° F 
Thermal season > 59°F 
Uormant season < 41°F 
Freeze season < 32°F 

( 5°C) 
(1 5° () 
(5°C) 
(0°C ) 

A specia l computer program (8121) 11,as deve loped 1,11licl1 r equires as 
input average mo nthly air or soil t empe ratures , in te rpol ates da i ly values 
and outputs the in formation necessary for the soil climatic codin g i n 
tab l es and plottings . ~athemati cal t echniques used in t hese comp utations 

1·1ere descrilJed earli er by Willi ams and Sharp (1967). Exampl es for tne 
program output are given for air temperature (Fi g. 1 ) and soil tempe rature 
at 50 cm depth (Fig. 2) at Ottawa. 

At present , montllly long-te rm average soi l temperatures at SO cm 
depth are availabl e for some 45 stations but air temperatures for mo re 
tllan 1 ,200 stations. Originally , i t 111as hoped that miss in g soil tempe rature 
data could be obtained in time for t hi s study from a mode l be in g deve l oped 
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by Hr . Ouellet of this Section. Because of the complexity of such a mo de l 
and the interaction between air t emperature , soil t emperature and other 
climatological variabl es especially snow cover, it soon became clear that 
more research and time 1-muld be required before satisfactory estimates can 
be expected. 

Whil e t hi s model approach is still pursued for various purposes and 
future large-scal e applications, a shortcut technique was developed for 
estimating the dates when soil temperatures cross the selected thresholds 
in spring as v1el l as in fall, from the corresponding dates for air 
temperature . Fairly good relationships were obtai ned between the soil 
and air temperature dates except fo r 32° F in fall (Table I ). Vi sual 
inspection of the observed data revealed that average monthl y soi 1 
temperatures at 50 cm depth did not drop below 32°F at stati ons situated 
in British Columbia, Southern Ontario, Western Quebec and in the Maritimes. 
By comparison with monthly average air temperature maps published by the 
Meteorological Service , it was found that the 18.5°F i sotherms of mean 
air temperature for i:Jecember separated fairly well areas with frost and 
no frost at 50 cm depth during the winter . The exception is for southern 
Alberta where the mean air temperature for December does not drop below 
18.5°F but the soil temperature l ate in the winter does drop below 32°F 
probably because of 1 ack of snow. Consequently , mi ssing soil temperature 
data were estimated either by regression equations and, if necessary, 
ad justed to conform with availabl e data from adjacent stations. Fo r 
those stati ons located in areas where the December mean air temperature 
is greater than 18.5° F (except Prairi es ), it was assumed t hat the soil 
temperature remains above 32°F througbout t he year. Improved esti mates 
of these data can be expected when the earlier described soil temperature 
model will be compl eted. 

Soi l ~loi sture 

The present version of the soil climatic codi ng system uses only 
i rrigation requirements and moisture index as criteria for the subclasses . 
New parameters of the moisture regime such as spring soi l moi sture contents , 
deficits and surplus for periods as dete rmi ned by soil temperatures have 
become available from a special computer program (8133) . The technique 
desc ribed by Baier and Russelo (1 968 ) for calculating ri sks of irrigation 
requirements from obse rved daily precipitati on , maxi mum and minimum 
temperatures, and es timated potential evapotranspiration (PE) , was 
modi f i ed. Periods are now based on dates 1>1hen the soil temperature at 
50 cm depth crosses the selected thres holds. At those stations where the 
soil temperature at 50 cm depth does not drop below 41°F, a dormant 
season lasting from lJecember 1 to March 15 was assumed. 

The program outputs probabl e values and arithmetic means of the 
fo 11 owing moisture criteria : 

(l) So il moisture contents at the beginning of the growing season 
(2) Growing season defi cit 
(3) Growing season precipitation 
(4) Growing season potential evapotranspiration (P E) 
(5) Growing season surplus from precipitati on 
(6) Oormant season precipitation 
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(7) Dormant season PE 
(8 ) Uormant season s urplus from precipitation 
(9) Freeze seas on preci pitati on 

(10) Freeze season PE 
(11) Freeze season surplus from preci pitation 
(12) Growing season r ain 
(13) Growing season s urplus from rain 
(14) Dorman t season rai n 
(1 5) Dormant season s urp lus from rain 
(16) Freeze season rai n 
(17) Freeze season surplus from rain 

Examp 1 es for t he program output are given for S1v i ft Lurrent v1he11 
the growing season is based on air temperature (Tabl e II) or on soi l 
temperature at 50 cm depth (Tabl e III ) . 

Si nce the precipi tation data used as input did not distingui sh 
bet11Jeen rain or s nml/, a s imple test had to be developed for th i s separa
tion. Through a speci a 1 data inspection program, it 11Jas found that the 
dai ly ma ximum temperatures vthen smoothed over 5 days can be used as a 
crite ri a v,hetile r the precipitation i s in t he form of r ain or snow. 
uiffe rent threshold values had to be used i n fall and sprin g and in 
different regi ons of Canada. Through repeated computer r uns with various 
thresholds and uy comparison betv.·een estimated and publis hed snowfa ll 
da t a, it was found that precipitation can be expected to occur as snow 
\·then th2 dJily maximum temperature i.:. be l uv. u,~ rull m·1 ing thrts hol ds . 

Hegion 

"Cold'' stations: 
Central B. C., Pra i ries , Hes tern Ont. 

"l~arm" stati ons: 

Fall 
July---:--Oecember 

< 41 °F 

So uthern B.C., Eastern Ont ., Que., Maritirnes < 33°F 

Spri ng 
January - June 

< 45°F 

< 35°F 

Tile arl.i i trary deve 1 oped th res ho 1 ds were verifi ed by comparing average 
annual amounts of observe d snovJfa l'I (Meteorol ogi cal Branch, 1967) 11Jitt1 
the estimates from daily comµ utation s over 30 years at 67 stations. At 
S5 stati ans the e rrors 11Jere 1 ess than ± 1 inch, at 11 stati ans ± 2 i nches 
and at one stati on (Creston, B. L.) it was -2.7 in ches . 

In ti li s study, the data on moi s t ure contents , deficit and surpl us 
are given for storage capacities of l , 2, 3, 4, 5 and 6 inci1es and for 
a co11sumpti ve use factor of 0. 75. 

r<es ul ts 

The res ults from the soil temperature analysis are summarized in 
Tables l - 4 and those from the soi l moi sture ana lys i s i n Taul es 5 - 15 . 
In addition , detailed i nfonnation i s tabl et.I but not rrese nted in tnis 
report , as fo l l ows: 

(1) Computer plott ings of dail y interpolated air temperatures 
for 89 stations. 
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( 3 ) 
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Compute r plottings o f dail y interpolated s oil tempe ratures 
at 20 cm, 50 cm and 100 cm depths for 44 sta ti ons ·. 

Tab l es of ave rage and probabl e sp ring soil moi sture , qrowin g 
season defi cit and surplus from preci pi t ati on or r a in for the 
growing , dormant and free ze seas ons a t 67 s t ations based on 
( l) a ir t empe r a ture and (2 ) soil t empe r ature at 50 cm depth . 

Highlights of the results a re di s cussed in the following paragraphs . 
Emphasi s is he re on the "differences" in the res ults caused by us ing 
e ithe r air or soil t empe rature as contra l for the l e ngth of the grm..,ri ng 
season . In the following di s cus s ion of the results, "diffe rences " refer 
t o t hi s eff ec t unl e ss otherwi se s t at ed . 

Ai r vs. so il temperatu re (50 cm) 

Tile computed dat a de rive d from monthl y observed air t emper atures 
(Tab l e l) and soil temperatures at 50 cm de pt h (Tabl e 3) give useful 
informati on as to t he sel ection of e ither ai r or soi l temperatures fo r 
c l ass i f icati on purposes. 

In spring , t he date whe n the soil t empe r ature at 50 cm depth exceeds 
41 ° F l ags behind t he corresponding date fo r air temperature by 38 days 
at Fort Si mpson , 20 - 30 days over t he norther n and 10 - 20 days ove r 
t l1e soutl1e rn sections of the Prairi es , and 5 - 15 days i n eas t ern Canada . 
In fa ll , th i s l ag i s i n wes t ern Canada (1 0 - 20 days ) s hort er , llut i n 
eastern Canada (20 - 30 days ) 1 anger than the 1 ag i n sprin g. Conseque nt ly, 
tne length of the growing season whe n hased on soi l tempera ture (> 41° F) 
di ffers remarkab l y from t hat based on air tempe r ature ac r oss Canada . It 
i s 33 days shorte r at Fort Simpson and up to 10 days shorte r on the 
Prai r i es. In eas t e rn Canada thi s pe riod i s l - 3 wee ks longer, at 
St. J olin I s as much as 32 days. 

Tnese vii de va riati ons in t ile 1 engths of t he gr rn,1 i ng seasons based 
on e i t her mean air or soil t empe ratures cl earl y s how t hat air temperature 
a l one i s not a re li ab l e indi cator fo r soi l temperature. I t is obvious 
that a rather compl ex model is requi red \•th i ch acco un ts fo r t hese vari ations 
mainl y caused by diffe r ent air masses and inte r act ions between rad i at ion , 
ai r temperature, s no111 cover and soil t emp e r ature di stri but i on . 

Sprin g so i l moi s ture 

In spite of the vari a tion s in t he dates fo r air and soil temperatures , 
tile di f ferences in s oil moisture contents a t t he beginnin 0 of the grovd ng 
season based on eithe r air or soil t empe r ature exceedi ng 41°F are l ess 
pronounced (Tab l e 8 ) . In fact, ther e is al most no di fference in B. C. 
wile re t ile storage i s rech arged to capacity e ve ry win ter. On t he Prairi es, 
soil moi sture is not res tored to capacity and differences in moisture 
contents are as much as 1 inch . In eas te rn Canada , t he soil moi sture 
con tents in spring ar e close t o capaci ty eve ry yea r and t here is no 
difference in t he conte nts at e ither date. Th is pattern is caused not 
onl y by ti1e rat e of recharge during vJinter but al so by the net l oss of 
moi sture r es ulting from t he bal ance betwee n preci pi tation and PE in 
s pring dur i ng t he pe ri ad as de t ermined by t he dates 1·11len ai r and soil 
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temperatures exceed 41°F. 

Growing season deficit 

Whether air or soi l temperature was used in controlling the beginning 
and end of tl1e growing season resulted in almos t the same gro1t1ing season 
deficits for a given storage capacity and station (Table 9) . This i s so 
because deficits are negligible in spring and fa ll during t he period of 
ti me when soil temperature l ags behind air temperature . There are, 
nowever, significant differences in deficits due to storage capacity and 
between stations. Highest deficits (close to 10 inches for 2 in ch storage 
capacity) occur in the interior va 11 eys of B. C. , in southern Alberta and 
in Saskatchewan, whereas the average deficits are al most nil in the 
Mari times . 

Differences in surpl us from precipitation during the growing season 
Jue to l ength of growing season ar e small in western Canada, although 
the abso lute surplus data here vary f r om 30 in ches in the Lm-,er Fraser 
Valley to almos t nil over the southern parts of the Pra i r i es (Tab l e 10) . 
In eastern Canada, surp lus i s up t o 5 i nches hi gher when the growing 
season is controll ed by soil rather t han air temperatures. Absolutely, 
average surp lus (e. g. for 2 inch s torage ) i s about 4 - 6 in cl ,es in 
Ontario , 8 - 10 inches in Quebec and exceeds 10 in ches in tile Maritimes. 

Differences in s urµlu s from precipitation are mostly less than 
2 inches whether the growing season i s controll ed by air or soil tem
perature (Table 11) . Average s urplus (2 in ch capacity) ranges from about 
28 inches in the Lm·,er Frase r Va 11 ey to l es s t han 2 in ches in SaskatciJe\•1an , 
it exceeds 10 incl1es in Ontario and Quebec and 20 incl1es in N. B. and Nfld. 

TaLle 12 gives s urplus from precipitation (rain plus snm·, ) during 
tl1c fre eze seas on, tr1at i s wl 1en the mean ai r or soil temperature i s 
u8.IO\·J 32° F. Thi s situation occurs \·Jhen the so il i s ass umed to be frozen 
but t11e daily air temperature i s above the t li rcslio l ds (page 38) so that 
snow melts and precipitation falls as rai n. No s urp lus under al l s i x 
storage capaciti es indica tes that there i s no freeze seas on at thi s stati on. 

hr eas viith li gilt to moderate s urplus during the freeze season are 
northern Al berta, Man i toba and western On t ario . SuLstantial s urplus 
occ urs in eas t ern Ontario , Quebec and in ti1e Mari ti mes but he re only \·men 
tile freeze season is based on air t emper ature . 

Finally, Tab l es 13 - 15 contain data on surpl us from ra in during 
ti1e growing, dormant and freeze seasons. The tabl es are se lf-explanatory 
and clearly show the distribution of s urplus from ra in across Canada and 
the differences due to the use of air or soil t emperature as contro l . 
The corresponding average surplus from sno~., can be derived by subtra cting 
s urplus rain from surplus precipitation data. Thi s additional in formation 
should be useful in climati c in terpretations in re l ation to runoff , 
drainage and soi l l each in g problems . 



- 41 -

Conclusions 

The purpose of this report i s to des cri be the techniques us ed for 
anal yzing the soil temperature and soil moisture regimes and to interpret 
some resul ts in vi ew of their possible use in a more detailed coding 
system for soil classification. /\n interpretation and discussion of all 
the data availabl e is beyond the scope of this paper . Some thoughts 
come to my mind as to the present status and future steps to be taken in 
our efforts for utili zing climati c data in soil cl ass ifi cation work . 

1. Computer techniques and climatic data are avail abl e for analyzing 
climate in terms of average and probable data on spring soil 
moi s ture content, deficits and surplus from precipitation and 
rain for periods as determined by observed air temperature or 
es timated soil temperature. 

2. Air temperature alone is not a re li able indicator of the soil 
temperature at 50 cm depth since t he relat ionship bet\'Jeen ai r 
and soil temperatures i s affected by soil characteristi cs, 
radi ation, snow cover, soil moi sture and other environmental 
factors. A soil temperature esti mator model i s urgent ly required. 
In the meantime, use can be made of relations hips between t he 
dates when air and soil temperatures cross certain thresholds. 

3. The differences in air and soil t emperature dates have com
paratively little effect on parameters of the moisture regi me 
when t hese are computed for seasons determined by temperature 
thresholds . 

4. The effi ci ency of the new soi l moi sture regime parameters i n 
the present coding system has as yet not been tested. Gata 
for 67 stations across Canada are avai l able for such an evalua
tion. Shortcut methods have to be developed before use can be 
made of these parameters in large-s cale app li cations of the 
l ong-term average climatic data availabl e for 1200 stations in 
Canada. 

5. Res ults from the soil temperature and soi l moi sture analyses 
should be mapped . Such maps have been prepared under an ARDA 
contract for those cl imatic parameters which are employed in 
t he present coding sys tem. Mapping of t he new parameters 
should be performed by modern computer t echn iq ues. Staff 
members of the Agrometeorology Section, Pl ant Research Inst itute, 
are al ready engaged in a study of data analysis and plotting by 
compute r with the assistance of trained staff and equipment 
available to the Soil Research Institute . 
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Defi ni ti on of terms used in the soi 1 t emperature 
and soil moi sture analyses 

Growing Season -

Uormant Season -

Freeze Season -

Precipitation -

Rain -

Period between first and last dates of a mean 
daily air or soil temperature at 50 cm depth 
> 41°F (5°C ) . 

Period bet\1Jeen first and last dates of a mean 
daily ai r or soil temperature at 50 cm depth 
~ 41° F (5°C ). 

Period between first and last dates \'lhen mean 
daily air or soil temperature at 50 cm depth 
.5 32°F (0°C ) . 
Note that freeze season is part of donnant season. 

Rai n plus s now . 

Preci pitation is considered as rain if the 
maxi mum air temperature smoothed over !:i days is 
> 41°F from l Jul y to 31 Oecember and > 45°F 
from 1 January to 30 June for "cold" stations 
and > 33° and > 35° respectively at the "warm" 
statTons . 
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Snow - Precipitation is considered as snow if the 
maximum air temperature smoothed over 5 days is 

. < 41 ° F from 1 July to 31 December and < 45°F 
from 1 January to 30 June at the "co 1 d" stations 
and < 33° and < 35° respectively at the "warm" 
stations. 

Spring Soil Moisture - Soil moisture content at the beginning of the 
growing season as defined above for storage 
capacities as indicated. 

Growing Season Deficit - Accumulated deficits during the growing season 
for storage capacities as indicated and 
consumptive use factor of 0.75. 

Surplus - Accumulated surplus water on days when soil 
moisture exceeds storage capacity as indicated. 

Water Balance Computation - Spring soil moisture deficits and surplus were 
calculated by a daily climatological water 
budget which requires as input daily precipita
tion and estimated potential evapotranspiration 
as described by Baier and Russelo (1968). All 
data are given in inches and for selected 
probability levels as indicated at the top of 
the page: 10, 25, 50, 75 and 90 percent 
probability. Lowest and highest observations 
indicate the lowest and highest computed 
values in any particular year during the 
30-year period (1931-1960). 

Mean - The arithmetic mean o_ver 30 years. 

50% probability - The median value for all cases of which non
zero data are available. Years with zero 
values are excluded in the computation of all 
data as described by Baier and Russelo (1968) . 
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l\f\lOS 7,g 6·9 6, u L> • t, 6·~ b,5 a.5 7. 5 7·2 7, l 1.u 7.0 
LI\ PvC I\ Tl F IH: <).j II• U 7. (:, 7 ol) 7. '.j "/. 5 10. 7 9 .4 9. u 13. Q b. ':l Fl. q 

L/\S~u~·,pr 10M 7.8 (1 . 1 5 . j 4.9 ". '-) 4 • II 9.J 7.4 6·5 6·1 !:>. 9 5. C) 
Ll:"l~NuX\J l L l f: 1 (J • 1 /\•II B • '.) 0. !:J {\. ~ t3. 5 1l. 4 10 ol lJ. 7 C). 7 y. -1 9.7 
N01< Mi1MU l t..; 7 .B b•Y 6,7 u • -1 E,.7 u,7 Ii. f, 1.n 7,6 7.r... 7.:., 7. !') 
t-:lfl 11-ILJliS T 6. c. !) • 0 1,. 5 4 ,4 11 • lj 4.3 7 . (, n,4 s, I) S • r, 5.q 5." 
1- 1<Lnu: 1. c ro1,i 1 0. 5 CJ. c 1-1.u b,6 /l. (, fl. () 1 2. !-'> 1 1 • Ii 1U,9 1 {). 7 10 • 7 10 .7 
MONC l" ON 6, '+ 4.y 4 d 4.u 3 . \ l j,l.l 1:1.q (,. CJ 6· 1 r.,. 7 !:>. j 5 , 2 
ST. JOIIM 1 r;, 0 l 'I , 4 14 , 1 14 al 11, • 1 l4 d 11. n 17.t 16,9 16· 0 1 n, lJ 16,9 
KLIHVILLl 10 ol II• 1:1 11. U 7. ':) 7.:, 7.2 11. 5 JO ·2 9,3 ('. I) 11 • L> U·o 
hl/\ pp s\1-J (\. [\ 7.5 f,, Ii l> • ,, (,. J (,. 3 11 , 5 10·2 9.5 C). () ll • Ll (\. 7 
l.1-1/\llL.O l f'r_ TOW I~ 1 ] • 1! 1 0 -3 9.7 lJ. 5 g,q g,4 J 3. (, I " ,-'- .. ) l 2 • u 11 • -, ll• n 11 ,6 
S lli-1MI:_" ', I I)[ 9 . 'I II • j 7. -, ., .J 7. 1 7 • 1 11 o3 1 O • 2 ':l. L> (.). :, <). u IJ • q 
!:, T • JOi l1~'.:, 13. 7 1j, l) 1 2 . 7 1 t:'. • (J 1 2 ,u l ,~·l> 19·0 18,3 l U-1 l f.l.. (l lH,u lfJ • 0 
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T1-1ul[ 1 (j DOfW•ANT SEASON 
SUliPL US HAIN 

AIH SO IL 50 c ~~ 
S TO l<i\Gl:. CI\P1\C I TY I l~CHt.S S TOl-rnGE Ci\F'AC 1 TY INCHES 
1 2 3 4 ,· 

:.J 6 1 2 3 4 ..,. 
:> 6 

fllff30TSF01<[) 2 4 ,H 24,8 24 • t3 24,7 211. 7 24,7 23,3 23·3 23,3 23,? 23,2 23,2 
AG;\S:_, I Z 25,0 25·0 25,0 ?. 5 • u 25 • U 25·0 24,9 24·9 24,9 24. n 24, 9 211, 0 

f:l/-1lr(lUNNlL ,3 ,j ,2 ·2 . "- · 2 ·2 ·2 ·2 ,2 • 1 • 1 
C 11 -L 1 WI\ CK 25,9 2!) • 9 25,Y 2 :J. y 2'1,9 25·9 25,5 25,5 25·5 25·S 25 · ~ 2!) • 5 
Lf-<t.STOI\J 7,5 7,o 6d ~. l> r+. 9 4•2 6,4 6·3 5 .9 5 .5 5•U 4 ,3 
ltl: ULL Y ,6 • 4 • 2 • 1 • 1 • 1 .4 ,3 ·2 • 1 • 1 • 1 
l<AMLUOPS l c· 1 • 0 .o ,4 • ?.. • 1 1, 2 • <) ,6 ,4 ·2 • 1 . :) 

NUI 1~cs·1 M!NS l E 2~), 4 2~) • 4 25, 1-1 25,4 25, 11 25, 11 ') I " 1- 25,5 25,5 25 , r.; ?5. '.) 25, 5 t... :J • . ) 

1--'Hll"CE GI: uflG[ 2d 2· 0 1 . ·, 1, 6 1. (, l • 5 ,q ,g .y ,n . 9 ,g 
1--'I< 1 NC [ TOI.J 3,3 2,8 2,3 1 • LI 1,Lf l • 2 2,7 2,5 2·2 l .f\ l • 4 1 ,? 
S /\/11.Jl CI IT lH,J 14, 6 111 • 6 1 11, 6 111 . u 111 • L' 111 • 5 15,8 1 5 • ti 15,8 1 5, I( 15 , 7 Vi ,6 
S Tt::VLS TUI~ 17,4 17 , q 1 7,4 l "/. q 17· ~ 17,3 lu,2 16,2 16 , 2 16,? 16 ,2 16 , l. 
SUMMt. l<Ll1l~LJ ,9 ,6 • 11 • 3 . "- • l ,4 ,4 , 4 . ~ ') • 1 • c. 
V/\IKvUVU< 16.3 1(). 3 16,3 l u ,c 16, c: 1(, . l 17 , 9 17,9 17 ,9 17, n 17 ,7 17 , 7 
WI 11 TE:. IWlK 11~. 11 14,4 14, 11 1 4 , 4 14,4 14,4 17 ,2 17 ,2 17 . 2 17 ,2 17,1 17 , 1 
1-Jl ST i\FU f1 1 • 3 l • U ,9 ,7 ,u ·6 • 8 ,7 ,6 ,6 ,- .s . :) 
FOl<T S I l·W'.,01~ . 3 ·3 ,2 • l • l • 1 r· , 4 • 11 • 3 ,3 • 3 . :) 

l.ll:.I\ V[i-LVLJGE ,5 • 11 ,4 ,3 ,3 ·2 , 4 ,4 .4 . :, ,j ,3 
CALGAllY • l • 1 • l , 1 , 1 • l ,3 ,3 ,3 . ;:, ,2 , 2 
C/\M['L;J E ,2 ,2 • 1 • 1 • l • 1 • 4 , 4 ,j • 3 • 3 .3 
l:.UMOl,TOIJ ,2 • 1 • 1 • l • 1 • 1 , 5 . t1 . 4 . (~ o4 , 4 
F OIH VEl<i•l IL 1 u N .2 • 1 • 1 • 1 • 1 • 0 ,2 ·2 ·2 ·2 • 1 • 1 
1--iAf\JNA • 1 • U • 0 • 0 ,0 • 0 ,1 • 1 • l • 1 • 1 . ]_ 

H! GH i>f< AldE , 11 ·4 ,3 ,j ,j .3 • 11 , 4 • 4 • q • I{ • I{ 

LIIC01•1l3E . 3 ,3 ,3 ·2 
-, 

·2 ,5 ,5 ·4 • 11 , 4 ,3 • c.. 

LETlhiiHUbE ,3 ·2 ,2 , 1 ,0 , O ,4 ,3 ,3 • ? • 1 • 0 
MANYUllH<l[S • 1 • 0 • o .u • (J • 0 • 1 • l • 1 • 1 . u • 0 
lfl[U I(. H,Jl". HAT • 1 • 1 • 0 ,U • 0 • 0 ,2 • 1 • l • l • l • 0 
lNDlf\N Hl/lD • 1 • 1 • u • u .u • 0 ,3 ,2 ·2 . -:, '"' ,2 . "-
KIIMS/\CI< ,2 • l • l • 1 • 1 • l • 2 ,2 • 1 • l • 1 • 1 
MELFOl-<T ,2 • l • 1 • 1 • 1 • 1 .2 ·2 ·2 • ?. ,2 • 1 
OUTLuOI< • 1 • 1 • 0 • u ,0 ,0 • 1 • 0 • u ,0 • u • 0 
Hl:. G 11·~/\ • 1 • 1 • 0 • u • 0 • 0 , 4 ,3 ,2 • ;-> • 1 . o 
SASK/~ TOON • 1 ,0 • u • u • 0 • 0 • 1 • 1 • 1 • n . o • 0 
SCO TT • 0 • 0 • u • u .o ,O ,2 • 1 • 1 • l • l • 1 
S T , 1vA f3Ul~G . [) • 0 . u , U . o • 0 • 1 • 1 • 1 • n • I,) • 0 
SwIFl CUl<HE IH • 1 • 0 .o , U • 0 • 0 , 1 • 1 • 1 .n ,0 • 0 
trn Ill" LJ ON • 1 • 1 • 1 • 1 • 1 • 0 ,2 ·2 ·2 ,? ,2 • 1 
MORDE.N ,3 •2 ,2 •c ') ·2 ,3 ,3 ,3 ,:'> , 3 • 3 ·~ POl<T1\GE ,3 • 3 ,2 •c:'. . "- ·2 , 3 ,3 · 3 • . 1 . 3 ,2 
111[ PAS ,3 ,2 ,2 ,2 

., ,2 • 3 ,2 ,2 ,? .2 .2 • c. 
wJl,Jl"HPl:.G .4 .3 ,j ·2 ,c ·2 ,4 ,3 · 3 • 3 . 3 ,3 
/\HMS l f<OI-JG 1,3 1·3 1,3 1 ,2 1 -~ 1 ,2 ·8 ,7 ·8 .R .7 , 7 ·~ 
LH: Lll VILLE 7,7 7. (, 7 ,. 7,3 7.0 6•7 6,5 6,5 6,5 6. c; 6,5 6, Ii • J 

u l: LHl 9-1 9,1 9,0 b,Y B • o IJ. 6 Bd 8,1 8,1 8·0 b • O 8,0 
FOl-<T FHi\lJCES . [\ ·7 • 7 ,6 ,G ·6 ,8 ·8 ·8 . " , e , 8 
GUl LfJl-1 (,. y 6,8 6,7 h,6 6,4 6,3 5, I~ 5 ,4 5.4 !'-, • I~ 5,4 5, 11 

H/1 l<f< V ~I 6 , B (, • G 6,j ~·Y 5 . L) 5,4 5,6 5,6 ~). 5 5 o li 5,2 5. 0 
I( /\1-'U ~,1< AS l NG 1 , 2 1·2 1 , l 1 • l 1, l l ol ,5 ,5 .5 . ~; .s • 5 
No1n11 I.IAY n, 1 (,. l (). 0 '..>. y "). <l 5,8 4,n 4·6 It. 6 4 . (, q, 5 lf , 5 
OTT /\viii ~i • 4 ~-11 5,2 ~.1 :i • () 4 .9 4,2 q,2 4, 2 4,2 4,2 LI,? 

VI "IF L/lf~u B, 0 ll· () 7. <) 7,7 7. ':) 7 , I+ 7,0 7,0 1,0 (,. Cl G,Y 6,fl-
vi lllTL n1vrn 2, 4 2. i 1 2. I~ 2,4 2,4 c•4 2.1 2,1 2ol 2.t 2 . 1 2, l 
MlOS 4 • 1 1, • l 4 .() 4 • li ll . u 4•0 3,6 3. '.) 3,5 3,11 3,4 3, lf 

LA f--' OC ATl[H[ 6. '.) (,. !:> (Jt ':) u,5 6, 5 6·5 5. 1 5,1 5-1 5,1 5,1 5 , 1 
Lf1SSOHP l l ON f, . 13 (,. u 6,n f,, 5 6,4 G, 11 5.5 5,5 5,5 !'). " 5. LI '.i. q 
LIJ,JI\Ju XV l L LE H, 8 11 • U u •. , ll • 7 8. ·, II• 7 7. 'j 7,5 7 .5 7, r:; ., . '::, 7 . "i 
l~ Ul<l'1/d -1Ll 11~ 4,5 4,5 If • '.) 4. ':) q,5 4,5 3,7 3,7 j,7 3,7 3.7 3 . 7 
b/\T l luW, T {1,3 B • l 7,<J 7. L\ 7,7 7,7 b. CJ 6 • B b•7 (J. (, 0°6 6,6 
r-=Kl::.DLidC l ON 11 ,9 1 l • ') ll ,9 1 1 , lJ 11,0 11·8 Y,n q.1, 9,B g • .n. 9 •U 9.,:i 
M(1i\JC 1 ON 9,9 Y,U 9,b y, lf q. 1 9,U 7. r. 7,(3 7, l\ 7,7 7 • G 7 ,6 
S T, ,JOHI\J l 7, () 17,6 J 7. ~) 17,5 17 . ~ 17 . 5 1 lj , 7 J4 ,7 l q • ., 111 , 7 1 q, ·1 14-. 7 
KLIHV I LLI: 1 1 • 6 11 •u l l • t, 11, ~J 11. ~ 1 1 , 5 10, 2 10 ,2 lU, 2 10,::' lU,2 10 .? 
I\Ji\f--'I' f-\N 10,n l O•b l O, (i 1 u , ~) 1 n. <1 l ll, 4 7,9 7 , 9 7,9 7 ,<l ·, . y 7 ,9 
Cii/\liL UT Tl TOWl'-J 1 0,2 lll. ;~ 10. 2 l U, 2 10 ,2 1U•2 7 ,9 7,9 7,Y 7. () ·,. 9 7,q 
'., ll f'.-'lt·ll:. i<S l L;[ E1 o 11 il. q [I, lf (.). 4 II, 11 /.l • ' I (,. s 6·5 G,5 6. ,c, t,. 5 6·~ 
S T, .JOlll~S Fl. <J 1 Y•9 1 9,9 l Y,Y 1 9 • ') 19 ·9 14,6 14 •6 14,6 14 .(, 1 4 • u 111, 6 
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Tl\ l1 U : 15 r1KUE. S~_I\SO~I 
SUf{f-' l. l J'.; 1'/\ IN 

/, l I I '.~Oi l 5U (' ' 
S TORt,G E. CI\P/1C I 1 Y I NCI-Ii: S s Torrn(:,E C/IPI\C lT Y l NU R. C, 
1 ?. 3 4 !") 6 1 ~ 3 4 5 b 

/\lirJO T\FCJ t<D • 0 • 0 , U , U . () , O , O • 0 • 0 • <) , 0 • 0 
flG/1'./.,lZ • 0 • 0 , 0 • u , 0 • 0 , 0 ,O , 0 • (1 • l) • 0 
L ti J LLI ~Ji\ CI< • 0 • 0 . () • ll • IJ • 0 , O • 0 • u • n , U . o 
CH[S TOI\) 4, 9 14 . 9 4, 6 4 ,2 3,7 3ol . o • 0 • u • n • 0 . () 
l:!I\LDUl~l--l l. L ,2 ,2 • 1 • l . l • J .o • 0 ,0 • n • u • n 
HtDLLY ,3 • 1 • 1 . o • u . o , 0 • 0 ,U • I' • 0 • (l 
K./\MLUU PS ,4 .7 , q ,2 • l • 1 • 0 , O • u • fl • u , n 
NL 1'1 \'IC. s fl•d NS Tl: • 0 , () . o , U • u , 0 . o • 0 • 0 • n , 0 . () 
1-'l<l hiL I:. L,r. Ol<Gt. ,6 • G ,b . (, • b ,6 , O • 0 ,O • (1 , U , n 
I ' ii l lK E TUI~ 2,4 2·1 1 , b 1. '..i 1 • l . 9 . o • 0 ,U • ll • ll . () 
S /\1\Nl Cl Il l.ii·! • l) . u • u • u ,U • 0 • 0 • 0 • 0 • n • 0 • 0 
'.:,"I [Vi.. '., T ul-i • 0 · O • 0 • l) ,U • 0 • 0 • 0 • u . (\ ,0 . () 
SlJ~11'lLl, Uli ,D , 3 ·2 . 2 • l • 1 • 0 • 0 • 0 • 0 • (l • u . . () 
VANCOUVLI< . o • 0 . u • u • u . [) , 0 • 0 ,U . () ,0 . () 

wHlTL IW<. K . o , o . () , O , U , u • n • 0 • u , n • l) • 0 
1'11',T i'.HIII • lf · 4 • .3 ,j .~ ·2 , 0 . () , O . () , U • (l 
f-Ul{T S l Hl-'SON • 0 ,O . u • u • u , O • 1 • 1 • 1 • 1 • l • 1 
l:lLAV{-. l~LuLlG[ ,3 ·2 . 2 ,2 ., • 1 . () • 0 ,O .n .u • 0 . ,:. 
<.ALC,td <Y • 1 • 0 • u • 0 • Li . () • 0 , O • 0 • n . u . () 
CI\Ml':, lE • 1 • 1 ,U • u • L) • 0 .o • 0 • u • ll • (J , 0 
L UMOl,;'I ON • 1 • 1 • tJ , U • lJ • 0 • I • 1 • 1 • 1 • 1 • l 
F-01n VEl{iv"tl LI ON • 1 , O . u , u • l i • 0 , O • 0 • l) . () • c, • 0 
HAI Jl·Jfi • 0 . () • LI • u • 0 • 0 ,n • 0 , O , n • 0 . n 
H l t,1 f rHAl{l [ • ?. ·2 ,2 • C. • c. • 1 • 1 • 1 • 1 • l • 1 • 1 
L AC:Ofv, IJ[ • 1 • 1 • 0 • u • u • 0 • 0 . () • 0 'n • u • (1 
LL Tliu i< I ULJ E ,2 ·2 • 1 • 1 • u • 0 , O . () •U • 0 • u • 0 
M/-\IHt-i l:.IW 1 LS • 0 • u • 0 • u • iJ • 0 • 0 . o .. l) • n • 0 • 0 
IV1l:.[J I C. l ML If I\ T • 1 •U • u ,u • (l ,o .o • 0 •U .n .o • 0 
l i•JLJ I 11 l,J I It. AU , U • 0 • tJ • u • u • 0 .o • 0 . () . () • l) . () 
K /\ MS/1 CK • 0 • 0 • 0 • u • u • 0 . () • 0 • 0 • (1 .o • 0 
MELFvf< T • 0 , u • 0 • u • lJ • 0 • 0 • 0 • u • (1 ,O . () 
OUTLOOK , 0 • 0 , U • u • (J • 0 ,O • 0 ,Q . () .u • 0 
l~~G Ji~A . o •O • Li • u • l i • 0 • (l • 0 • 0 • r) • 0 . () 
:,A'.,KII TOON ,0 ,U • 0 • l) • fl • u • 0 . [) • 0 • n • u • 0 
SC OTT • 0 ·O • 0 • u • u , O , O . () • 0 . () • 0 • (1 
S T , i·, /\OUH G • 0 • lJ • L) • l) • ( j • u . o • 0 ,O • 0 .o ,0 
S WI FT CUi<l<F l~T • 0 • 0 • u • u • u ,'Q . o • 0 ,O • n • lJ . () 
l:l l<Mrt;ON • 0 ·0 , 0 . u , U • u , 0 , n ,U , 0 . u • 0 
MOIHl LN ,2 • 1 • 1 • 1 • 1 • 1 • l • 1 • 1 • 1 • 1 • l 
~

101n r,GE , 2 • 1 • 1 • l • 1 • l • 1 • 1 • 1 • 1 • 1 • 1 
THE 1-'AS • 1 • 1 • 1 • 1 • J • 1 • l • 1 • 1 , 1 • 1 . l 
I'll l•JN l Pl:. LJ ,2 • 1 • 1 • 1 • 1 • 1 • 1 • 1 • 1 • 1 • 1 • l 
Al <MS 1 HOl'JG ,4 • 4 • Lj , 4 ,4 • It • 1 • 1 • 1 • J • 1 • l 
HL l l l VlLL[ 4 , 7 4 , 7 4,7 4. () q . l.l '•. 5 • 0 • 0 , O • (1 • 0 • n 
UELH! 5,n S·G 5, l) I • ~. :., !:),5 ,O • l) • lJ . () , U . o J•U 
F Ol<T FRII IKES ' ) · 2 . 2 ,c • c~ ·2 • 1 • 1 • 1 • l • 1 , l • <.. 

vUt.LIJ 1-t 3 . g 3.9 3 , LI j. !) 3, li 3. 7 • (l , O , Q , n • u , 0 
Hfl l<I\U\•, 4 ,2 ". 1 4. () j. [1 .3. (, j,4 • 0 • 0 • d • (l • u • 0 
K fl I 'lt~,1~ A~ ll~G ,3 , ,.3 , 3 . .) .3 , 2 ,2 ·2 • ::> ., .? 'J . ('~ 

1-.J Ol{TH IJ1\ y 3,4 j,q 3 . 11 j.j 3,j 3,2 1,5 l ,S 1 • 5 l . r., 1 • !j l • r:; O l T fl r. fl 3 , 0 3,0 3. () j,U 3. () 2,Y • 0 • 0 • u . () • u • (1 

V l IJ[ LAl~O ti , 7 'I , ·1 4 , 7 11 • . , 4 . ,-, 4 ·6 . () , Q • tJ , n • u • 0 
l·:H I Tt. ru vcri , 9 • rJ ,9 . 9 ,y .y ,5 .5 L" • r.; . '.., . ", •J 
11t,,O~, 2,5 2 . !-'i 2." c,4 2,4 2·4 1 , 2 1 , 2 l • 2 l 'J l • r~ 1 . 2 . '. 
LI\ PuC. Al l [l!E. 3, 2 3·2 j. ~ j ,, 3. c. J, 2 1. (, l . (, l . b 1 , (, j . u 1 • (, . ,_ 
L AS:-.ut-;P T 1 01·, 3,G 3 , b 3. l> ..) . ~ :5. 4 j,4 • 0 • 0 , O • (1 • (J • 0 
LEl•JI JUXV ! LI. I:. ">. 0 ! ) • (J :, • u :..i , u 5.u 5 , 0 • 0 . () , O , n . () . n 
1-JO l<f,j /\l·JI) I I, 2.j 2·3 2 , J ,:' .j ~.j 2 ,j . 4 ,4 • LI .. , • 11 • Lt 
Ufl TI-ILJf lS T 4.:., '! • ~) 4,4 14 • 11 4,4 4 • Lf . () • 0 ,u • n • u • 0 
f-'1-<ll Jl.f , IC l oN 6,G h . () 6,o b • lJ 6. l) (, . l> ,0 • 0 . () • (1 • (J . () 
l•iO NC I Ol'J 5,7 5,7 5,7 :> • lJ :) . () ~. t) • 0 • 0 • u . () • 0 • [I 
S T , .JOI Ii~ 11, 1 11 d 11. 1 l 1 . 1 11 , I 11 -1 . o • (J • 0 • f) • u • n 
KlHT\I I l.Li:. 7, () 7 • 0 7 , U l. l) 7,U 7 ,0 • 0 • 0 • 0 • fl • 0 .n 
l~/\l' f '1\ IJ f,,. l (,. 1 6, 1 l), 1 t\. i u• J • 0 • (I • ll ,n • lJ • r) 
C1t1\fi1.(1 T fL "I Ol,1\J ~,. ~ !:>. !:> 5.S ~-~ 

, - I ') -'.> , O • (J • u • (I • u • n . ) .. _) 

~,u1·:1,:1.f{\ I UL 'I ,'I 4 .t1 4. ,, q,4 4 • '-, q." . () • 0 • ll • rt • U • 0 
~~ T • .JUI fi-J '. , 10,9 l(J • 9 10 , Y 1 u • 'J 1 0, 'J 1 1). ') . () • 0 • U . () • u • n 
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Tabl e I. Relc.tionsh:i.ps betwoen dates when air !llld soil t emperatures 

at 50 cm depth cross selected thresholds. 

Average Average Correlation Standard 
Date Threshold D.F. air temp. soil temp. Diff,coefficient error 

date date days 

Spring 32°F 23 Apr .10 Apr .14 +4 0.87 10.5 

410F 36 Apr.26 May 20 +24 a. Bl+ 10.4 

Fall 32°F 24 Oct.28 Dec.6 +39 0.4.0 72. 8 

4loP 37 Oct.11 Oct.27 +16 0. 89 9.1 
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'-, ':111 I r \J " llU~ T II I II 
F' L I; l 1)1; Viii< 1 1\: i l I. S Tl)lll\C,I:: l.0\•ILS T l'i~:l\.: J '.'l I' !'i(Oll .\m LT'l'Y It l (; I IL r, T 

lNCI IL'.:, OU'..,, 1 \) ? ~) !) ll 75 90 0!3S, 
Si-'11 l l~ l, s. M. 

l ,0 0 . uu • () u • 0 () ,3S , Gil ,97 
2 , 00 ,12 • 4o .fill l,2A l ,u5 l • 97 
j .ou ,:,0 1.02 1 ,59 2 I 10 2,67 2,97 
4 , 00 • jtl 1,lj 1, Y'.j 2. 77 3. !J 1 3. Y7 
5 , 00 2" • L 1 , 12 2 ,11 3.10 4,00 4,u4 
6 . oo .ll 1I10 2ol8 3,26 4 ,2 5 4 I 84• 

Gl<OW I NG lJff l CI T 
1 .3 I 4 7 7, 06 B. 90 10 ,94 12,97 14,82 16,24 
2 1 ,51 5.1 1 7,22 9,53 11, AS 13, Y5 )6,24 
3 ,51 3,9b 6,20 U,6n 11 .12 13,36 l.6,24 
4 , 41 .3 • 25 5,59 l3. 1 7 10,74 13 ,09 16,21~ 
5 ,4 1 2,79 5 . 24 7 ,92 10,60 13,04 16 ,24 
6 ,41 2,57 5. 0 i' 7,IJO 10,54 13, 0 3 16 ,24 

GH01•i I r~G '.:,EASON 
TOTAL PHECIPITATION 4 ,86 6,06 7,79 9,69 11 ,59 13,32 16,79 
TOT /\L PE 22,27 23, UO 2 4 ,72 2:i,73 .;~6.74 27 I 6(:, 213,58 

SURPLUS 
1 ,00 ,0 0 , 19 l, 25 2,31 3,27 4 ,58 
2 , 00 ,UO .oo , 0 0 ,95 2,21 3,52 
3 ,00 , UO • 0 !J , oo • .3 1 l,39 2,52 
4 ,00 • UCJ • 0 lJ , 0 0 • 0 () , 74 1 • !J2 
5 ,00 , 00 .oo , 00 ,00 , 14 ,62 
6 , 00 • \) 0 ,OU ,00 ,0 0 ,00 ,00 

UOkMAiH St/\SON 
TOTJ\,L PHU. IP 1 TAT I ON 1 . 02 l,b6 2,3d 3, l(, 3,94 4,65 5,311 
TOTAL PE 2,24 2.33 2,67 3, 04 3, 41 3,75 4,66 

SURPLL tS 
1 ,00 ,42 1 ,16 1 , 9B 2, RO 3. 511 4,27 
2 . uo • () 0 • l t., 1 , 06 1 ,95 2,76 3,6 1 
3 ,00 . oo • 0 (J , OO ,99 2,03 3,61 
4 , 00 , UO ,00 , 00 .oo 1.21 3,14 
5 , 00 • l)U , 0 Li • 0 () ,00 ,00 2 ,14 
6 . oo .uo , Ou , 0 0 ,00 .oo l .l 4 

FREEZt. SEASON 
TOTI-IL P HEC IP l TATION . uo .10 1. ()6 2 ,1 l 3.17 4,12 5,14 
TOTAL PE ,56 , 85 l, 0~, 1,27 1.49 l.69 1-84 

Sl.JRPLLJS 
l ,00 • lJ O .2 1 l • 2 r) 2 , 28 3,23 4,27 
2 .oo , 00 , OU .49 1. 42 2,27 3,27 
3 ,00 . uo • 0 lJ . oo • 4 3 l .,3 0 2,27 
4 ,00 ,OU • 0 !) , OO .oo , 17 1 ,27 
5 .oo . uo , 0 l) . uo .oo ,00 ,27 
6 . ,00 , l.) 0 ,OU ,00 ,00 ,00 ,00 

Tnble II- Avor;:i~os und p r ob~1ble sprinrr soil moi ~.,tt•re co t t d f · · t d _ , n c n ·s , c 1c1 .3 nn 

surpl1w in inr.hcc for seasons b :i:.;od e n air ternp0rnture at Swift 

CmT,"! 11t~ 19 JJ. - 60 , 

Vi l f\ I~ 

,llj 

,B7 
1 ,~6 
} • CJ3 
2 d 1 
2, U3 

10 ,87 
Y,46 
[l. 5A 
l\,Ofl 
7. /jj 
7,71 

9,63 
;:>5,70 

1..36 
,53 
,2A 
.i 3 
, 04 
, 00 

j ,36 
3,24 

1 , 97 
1 ,1 7 

.54 
·22 
.oo 
,00 

2, 11 
l ,35 

1 ,37 
, 713 
,29 
,07 
,00 
,0 0 
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SWIFT CUl<HEN T Arn 
GH0\'1 I 1% !-,~.11 sor,1 
TOT/\l JUI lN 4. 86 S.78 7.50 9.:39 11 , 28 13, 01 16.35 9,33 

SlmPLUS 
1 .oo . oo , 14 l el9 2. 21, 3,20 4 ,58 1 ,31 
2 ,0 0 .oo ,O U .oo • 91i 2 ,21 3,52 • !J3 
3 , UO .oo ,00 .oo , 30 1 ,38 2,52 ·28 
4 ,0 0 , 00 , 0 Ll ,00 ,00 ,74 1 , 52 -13 
5 , 00 ,UO .oo .oo .oo .}4 ,62 ,OIJ 
6 , 00 . , 00 . ou ,00 .oo , 00 ,0 0 • (JO 

DOHM/ll~ T SE ASON 
TOT /1L RA IN , 08 ,00 ,23 , 52 ,80 1.06 2,35 ,51 

SURPLUS 
l . oo • 0 l) ,00 .oo ,00 . 35 1,03 ,06 
2 , 00 . uo .oo , 00 .oo ,22 1,03 ,04 
3 .oo , 00 ,00 , 00 ,00 d4 l , 0 3 ·04 
4 , 00 , 0 0 • 0 lJ , OD .oo ,00 ,67 , OO 
5 ,00 . oo , OU ,0 0 ,00 . oo , OO ,00 
6 .oo .oo ,OU .uo ,00 .oo . oo · 00 

FREEZE SlASO N 
TOTAL RA II~ . oo . oo . oo ,08 ,25 ,41 ,68 ol3 

SURPLUS 
1 .oo • (JO , OU . oo .oo ,07 ,16 ,01 
2 ,00 ,00 .oo , QO .oo .oo ,16 ,01 
3 ,00 .oo ,00 ,0 0 ,00 ,00 ,16 ,OO 
4 ,00 , 00 .ou ,O D . oo ,UO , 00 ,OO 
5 ,00 ,U O • 0 (J ,00 ,00 ,00 ,OO ,OO 
6 ,00 ,00 ,O U ,00 .oo .oo .oo , 00 
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l'El!Clrn'I' I ':tn11 :,n 11.ITY 

Sw l I T C:lll<f![ IH SOJL '.>0 CM 
PE.ll! OU VA i< I AULL S l 01<1\t, L LO~,'L S T HI GI IL S T Mf:AH 

INCII E.'.:. om .• lu 25 50 75 90 O[~S. 
Sl-' 111 NG S , M, 

l . oo • iJU • 0 (J , ll • ,i 7 . 79 1.uo • 2 !:., 
2 . oo .uo .31 .77 1 .22 1 .6~ l, 92 ,73 
3 . oo • (JO • t,2 1 o3l. 2,00 2,611 2,Y2 l .32 
4 .oo ,00 ,Ul 1,70 2,59 3,40 3. !:>3 l, 71 
5 ,00 ,UO • 8!':> l,86 2,88 3, l.l l Lf t 43 l, l\8 
6 . oo • (JO ,86 1 ,94 3, 0 1 3.99 4,70 l ,9h 

GHOWlf~G 01:.FICIT 
1 J.75 6,93 H,73 1 0 ,70 12,68 14,47 15.38 10,b4 
2 1,51 !':>. 3U 7.31 9.52 11 • 73 13.74 15,313 9. ,~ 5 
3 ,51 4,20 6.36 8,74 11.12 13, 2g 1~.JI) 5,67 
4 ,41 3,'..>l 5, 77 8,25 10,74 13,00 1 S, 3fl B,17 
5 .41 3. (J6 5, 4?. 8,00 J0,59 12,94 15, 38 7,92 
6 ,41 2.1,5 5, 2!:) 7,89 10,52 12.92 1~·38 7,1:lO 

GR0\·111\iG Sl:.ASOI~ 
TOT /\L f'H[CIPITATION 4 .92 5,94 7.62 9,47 11 . 32 lj , 00 16,7.3 9, 41 
TOT AL PE. 22. 0 1 23,02 23 , 9l.l 25·02 26,06 27, 0 l 27,7 4 ;:, 4 .99 

SURPLUS 
1 , 00 , UO .31 1 ,29 2,27 3.17 4.58 1.34 
2 ,00 .uo • 0 I.J .oo ,83 2,26 3,'..>? • '..>2 
3 , 00 . oo , 00 .oo .13 1. 40 2 • 5?. ,2 7 
4 .oo , UO ,00 , 00 • (l O ,74 1, 5?. ,1 .3 
5 ,00 .o o .oo , 00 ,00 .14 ,b2 ,04 
6 .oo . oo .au . oo ,DO , 00 ,0 0 . oo 

DORMANT SEASON 
TOT AL PRl:.Cll-' l TAT l ON l,lb 1.66 2, Lj 7 3. :n 4,27 5,08 5,913 3. !JE1 
HJ l /1L 1-'E. 3,01 t!., 'n 3dj .j,73 4olj 4,49 :, • jQ j,98 

SURPLUS 
1 .oo ,49 1,21 2, 01 2,80 3,52 4. ~7 l , 9q 
2 .oo .uo ,22 1,08 l. Q!) 2, 75 3.33 l dR 
j ,0 0 ,UO . oo , 00 1,03 1,97 3.38 • :,5 
4 . , 0 0 ,0 0 , Ou ,00 ,00 1. 21 3,14 .22 
5 .oo • I.JO , OU , 00 ,0 0 , 0 0 2.14 . uo 
6 . oo • l) 0 , 0 0 ,0 0 .oo , 00 1,14 ,00 

FRffZL SEA SOI~ 
TOT /\L PHECIPlTATION ,00 • 0 (J .60 1,71 2,82 .3,83 5. 111 1,77 
TOTAL PE • !J4 ,63 • 8'.:l 1,00 1 ,31 1,52 1,76 l ,l"i 

S URPLUS 
1 ,00 ,00 ,14 l el 7 2,20 3.14 LI, 27 1,31 
2 .oo ,UO ,00 ,43 1,40 2,28 3,27 ,76 
3 . oo • I.JO .oo ,00 d5 1.30 2.27 ,28 
4 .oo . uo • 0 (J , 00 .oo .17 1, 27 ,0 7 
5 .oo ,UO ,OU ,OO ,00 .oo ,27 , 00 
6 . oo ,0 0 .oo ,OO • () 0 , 00 . oo . no 

Table lII- /l.vera~·~ 11ad prob:1.ble sprine noi l moistu1·e contents, dt:!fieit.s and s urr,lus 

i n inclw:, for sr.asonr, based on soiJ. temperature at 50 cr.1 depth at 

S~1ift Ctirrcnt; 1931 - (,O 



Table Ill- (continued) - G3 -

SWIFT CUHr~rn T SO IL 50 CM 
GH0\·1 l l~G '.,1:./\SOr·~ 
TOT/\L HAL I~ 4 .92 5.u7 7.32 9 • 14 10,95 12. 60 16-35 9, UB 

SUflr'LlJS 
1 ,00 .oo ,2 4 1 ,23 2,22 3 . 11 4,58 1 ,28 
2 . oo .uo .oo , 0 0 ,81 2 ,2 3 3.52 . 51 
j .oo • () 0 ,0 0 ,00 ,07 1, 3 6 2.~2 ·2 6 
4 .oo ,00 . oo .oo , 00 ,74 1.~2 -13 
5 .oo ,UO . oo .oo . oo ,14 ,62 ,04 
6 . oo ,00 . oo .oo ,00 . on , UO , 00 

UORM/\ f-iT SEASON 
TOTAL HAU-... , 07 ,00 .3~ , 75 1. 16 1,53 2,73 ,77 

SURP LUS 
l . oo , UO ,OU . oo . os ,45 1,03 ,08 
2 . oo ,00 , 00 ,0 0 ,0 0 ,38 1,03 , 07 
3 . oo ,0 0 ,OU • {JO .oo .33 l, U3 ·06 
4 . oo ,OD .oo , 00 ,0 0 . oo . t:>7 .uo 
5 . oo . oo ,00 , 00 .oo . oo ,0 0 ,0 0 
6 . oo ,00 ,00 , 00 .no ,00 , 00 . oo 

FHEEZE SEASON 
TOTAL f,A IN . oo . oo . oo . oo .14 , 3 0 ,50 , 07 

SURPLUS 
l . oo ,OD . oo , 00 , OD ,07 ,16 , 01 
2 , 00 • lJ () . ou , 00 ,0 0 . oo .16 • 01 
3 , 00 . ou . oo , 00 ,0 0 . oo ·16 . oo 
4 ,00 , UO . au . oo .oo , 00 . oo , 0 0 
5 ,00 , 0 0 • 0 lJ . oo ,00 , 00 , 0 0 , OO 
6 .oo , 00 .oo . oo , 00 , 00 , 00 . oo 
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THE EFFECT OF VARIOUS GROWING SEASON LENGTHS ON VALUES 
OF THE CLii'!ATIC MOISTURE INDEX 

W. K. S ly 
/\grorneteorology Section, Plant l.:esearch Insti tu te, Ottawa 

Abs tract 

Data for growing seasons defi ned as: 1) the f i xed Hay to September 
calendar period, 2) the period during r1hicll the air temperature i s 
greater than 41 °F, and 3) t he period during \'Jhi ch the 50 cm soil temper
ature i s greater than 41°F are used to calculate cl imatic moisture indices 
for 23 climatic stations for \•1hich at leas t tivo years of soil temperature 
reports are avail abl e. These are compared and the reasons for the 
vari ations in the values di scussed . Moisture deficits (irrigation 
requirements) for the t hree periods are nearly constant . Stati on indices, 
cal culated from data for the longer growing periods based on soi l and ai r 
temperatures, are within a few points of each other and both are some\vhat 
larger than those based on t he Muy to September grovdng season data . 
vlhen stations are listed in the order of ascending values of their 
indi ces, those based on data for the periods when the air and 50 cm soil 
temperat ures are greater than 41 °F are essentially the same and differ 
s i gni fi cantly from the order for the May to September data only in cases 
\•1here e"rly spring or 1 atP f;:ill y,;:i irs fl rP he;:i vy i r re l at i on t o summe r 
precipi tation. The phys i cal interpretation of tile index holds for all 
growing seasons but it becomes less meaningful in terms of capability 
for crop production i n Canada when the growing season i s defined on the 
basis of the values of the soil temperature at a depth of 50 cm. 

Introduction 

The objective of in tegratin g cl imatic factors important to crop 
growth into an exp ression that would have a meaningful physical inter
pretation and be usefu l for country-wide compari s on s l ed to the proposa 1 
ti,at a "Climatic Moisture Index" 

p 
x 100 [l] 

P + SM + IR 

mign t satis fy these conditions and be us e ful in soil cl assification (3) . 
SM represents the water in the soil at the beginning of the growing 
seas on that is readily avai 1 ab 1 e to crops and P is the growing season 
precipitation . If no stress is to deve lop the amount by which SM and P fail 
to meet the crop's demand for water must be supplied by i rri gat ion (IR) . The 
denominator of the expressi on [l] then , is an approxi mation of the wate r 
annual crops would use if t he supply is not to be limited, and tl1e index 
repres ents the percentage of this water that is provided by precipitation. 
Altho ugh seasonal precipitation is the predominant factor, index valves 
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are influenced by temperature, sunshine, humidity and wind as these are 
used in calculating the evapotranspiration necessary for determinin9 the 
irrigation requirements (1 ) . 

It has been possible to evaluate [1] only because information on 
irrigation requirements for selected Canadian stations has recent ly 
become available (2). This information includes average seasonal req uire
ments based on the 1931-60 standard 30 year period. For these original 
calculations (of irri gation requirements or deficits ) observed data on 
soil moi sture contents at the beginning of the growing season and on the 
water holding capacity of the soils were not available except in i solated 
cases for individual years . To overcome this the so il water was ass umed 
to be at field capacity at the beginning of the season and tabl es 11ere 
presented for a wide rang~ of soil water capacities . It has been shown 
(3) t hat when capacities f or readily available wate r are two inches or 
more, different so il water contents at the beginning of th e season at 
a station and different soil water capacities cause al most no change in 
the value of the resulting climatic moi sture index . Not on ly does this 
add to the universa lity of the index, but it makes poss ibl e the comparison 
of indices calculated for localiti es ~-Jhere soil moisture and soil 1·1ater 
holding capacities are known with those where arbitrary values of t hese 
factors have been assigned. 

In the original calculations (2) the soi l was ass umed to have a 
t1·10 inch capacity for readily available water . Since soil Hater is 
assumed to be at capacity (SC) at the uegi nning of the seas on SM becomes 
SC= 2.00 inches and is the same for al l stations. The growin g season 
was taken as the period May to September inclusive and the irri gation 
requirements or deficits were cal culated on a daily basis and averaged 
over 30 years . It was possible to calculate indices for 59 stations 
across Canada using the data presented. 

The assumption of a growing season based on a calendar period may 
not be satisfactory for all purposes. Although most annual crops are 
planted and harvested within the May - September period in Canada, the 
growing season for forages may be cons iderably different. Internal 
Report rfo. 20 of the Agrometeorology Section , Pl ant Research Institute 
(Baier and Russelo) presents soi l moisture deficits or irrigati on 
requirements for periods when the air temperature i s greater t han 41 ° F 
and when the soil temperature at 50 cm i s greater t han 41 °F for some 
67 Canad·ian s tations. In these calculations a storage capacity of t v10 
inches of readily avail ab 1 e water i s assumed . With tlri s ass umption , t he 
techniques employed in the analysis provide estimates of the soil water 
content at the beginning of the growing season. These and seasonal 
water surpluses are included in the output of the computer program us ed. 
A special technique (described in Internal Repor t No. 20 ) was devel oped 
for obtaining tne period in which the 50 cm soil temperature i s above 
41°F from air temperatures for stations where soi l t emperature data are 
not available. 

Soi 1 temperatures have been meas ured at some 23 station s for two 
years or longer and data for these stations were used for computing 
climatic moi sture indices for periods defined by so 'il and air temperatures 
as mentioned above. The res ults of these calculations are presented in 
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t i1 is rcrort and t l1eir impl ications Ji scusscd . 

Uata and Oiscuss ion 

Tab l e 1 shows the statio ns with soil temperature measure111ents and 
t heir i ndices calc ul ated for the various growing seasons. Co l umns 2, 4, 
and 6 show the respective growing season lengths (begi nning from 
J an uary l = l etc . ) and columns 3 , 5 and 7 sho\11 the resulting indices . 
The stations are prese nted in ascending orde r of the value of the orig inal 
indi ces (3) , i.e . those with a fixed May to September growing season. 

In general the new growing season s give indices s lightly higher 
than those for the fixed f·1ay - September period . With the pos s ible 
exception of Summerl and ( for the 50 cm based gr01\li ng season) the on ly 
significant change in the order is brought about by Saani ch ton data* 
where the inde x i ncreases 25 to 26 poi nts. Uetails of the basic data 
for Saanichton and other selected localiti es are gi ven in Table 2. 
Summerl and , Pri nce George and Harrow were se l ected because after Saanichton 
t hey shovJ the greatest change i n index values. Swift Current is a typical 
prairi e station and La Poca ti ere is representati ve of a s tation 1vith a 
l arge surplus of growing season rainfall. It will be noted that for the 
i,iay to September season soil moisture ( readil y available water) is alv,ays 
assumed to be at two inches (capacity) at day 120 (the firs t of 1,1ay) and 
t i1at surpluses are not available. 

In t l1 c c.:isc of Saanichton, the cal cul ati on"' shmv thdL so i1 rnoistu ·e 
was at capacity with t~'lo inches of readily availabl e \·1ater on day 74, 
t he beginning of the growing season as determi ned by so il temperatures. 
The growi ng season continues to day 334, completely overlapping the May 
to September period . No additional deficit deve loped duri ng this much 
extended ( 107 days ) growing season but the preci pita ti on increased from 
5. 7 to 16 .6 inches. Part of this is used t o balance the additional 
evapotranspiration but thi s is smal l and 9.7 in ches appears as s urplus. 
Surp l us during t he May - September peri od i s not availab le, but from the 
f i gures given it will be deduced that it must be somet hing less than 
1 .2 inches. The much higher i ndex for the longe r peri od reflects only 
the infl uence of the addition al rain during this time, nearly all of 
whi ch is assumed lost to deep percolation or run- off and does not 
di rectly contribute to plant growth . Cons ideri ng the even longer peri od 
11,hen the air tempera ture is gre ater than 4l°F, t he ra in i ncreases 1. 2 
i nches from 16.6 to 17 .8 but all of thi s i ncrease shows up i n the higher 
surplus figures. 

At Summerland , wi th the extension of the growing period to that 
determined by soil t emperatures, t he preci pitation i11creases by 2.6 inches . 
Th i s i s apportioned to the soil recl1arge and surplus according to the 
cl i matic conditions. On the average , tl 1e so il i s not quite at capacity 
at t he beg inni ng of the growi ng season . The in crease in the i rr i gat i on 
requirement or defic i t for the longer grovJing season is only .5 inches, 

*Where soi l temperatures at 50 cm do not drop to 41°F t1'1c growing seas on 
is ass umed to be March 15 to November 30. Saanichton is such a stati on . 
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about S%. Tile groVli ng seas on based on air tempera tu res greater than 
41 ° F begins \vi thin three days of that based on soi 1 temperatures but 
ends abo ut seven weeks earlier in the fall. Tile deficit i s the same 
as for the longer period but the precipitation and s urplus are l ess. 
Half the .8 difference in tile precipitation shows up as additiona l 
s urplus for the longer period and the remaining .4 inches are lost to 
the additional evapotranspiration or remain in the soi l . Again, at 
Sununerl and the change in the values of the climatic moi sture index when 
other than May to September is chose n as the grm·Ji ng season is due to 
the increase in the precipitation during the longer season intervals 
without a corresponding increase in the deficits (irrigation require
ments). I n this case t he additional precipitation mainly goes into 
soi 1 moi s ture recharge in the fall and is not necessary for crops during 
tile current year . 

At S\>Jift Current , a typical dry prairie station, the average soi l 
moisture at day 121, estimated by t he techniques used in Internal Report 
No . 20, is only . 7 inches . In t he original calculations (3) it was 
assumed to be two i nc hes. Si nce all of t he 1.3 shortage does not appear 
as additional deficit , some recharge of soil moisture must take place in 
the l ate spring , probably due to increased shower activity in June . It 
i s 'li kely that surplus figures for the May - September growing season, 
if availab l e, would be larger than the .5 inches s hown for the other 
cases. Variations in the SM+ IR factor of t his order due to this type 
of preci pita ti on dis tri buti on may occur at dry s tati ans. In these 
cases SM+ IR is relatively large (10 inches or more) and the effect on 
the index value is not significant . At Swift Current lengthening the 
growing season has only a s mall effect on the index increasing it from 
45 to 48, a change not s ign ificant i n relation to the representativeness 
of t he data involved. 

At La Pocati ere precipitat ion i s heavy and fair ly even ly distributed 
throughout the year. Deficits are small and surpluses large. The 
slight increase in the index for the longer growi ng seasons reflects 
the increase in precipitation in the periods during whi ch evapotranspira
ti on is 1 ow and there is no increase in deficit. 

From t he data for the s i x localities in Table 2 it i s readily 
deduced that, on the average, practically all deficits are accumulated 
in t l1e May to September period. For growing seasons based on soi 1 and 
air temperatures where soil moi sture contents at t he beg inn ing of the 
seasons are known, they are identical . When the May to September 
growing season (v,ihere soi 1 moisture is assumed to be at capacity) i s 
included the variation is no more than .8 inches for dry stations and 
much l ess for moist stations. The data (not reproduced here) for tile 
remai nder of tile stations li sted in Table 1 support these observations . 
The change in the value of the indi ces, then, can be attributed almost 
entire ly to the effects of preci pita ti on occurring during the extended 
periods 111hen the rain is not immediate ly required by crops. ~-!here tl1ere 
i s little additiona l rai n during these extended periods such as on the 
prairies, or v1here precipitation is mo re or less evenly distri buted 
throughout the season, there i s no significant change in t he value or 
order of the stati on indi ces . P, major change in both occurs whe re there 
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arc heavy rains i n t ile s pri ng and fall in relation to those dur ina the 
May to September period. The data for Saan ichton i s an ideal exa,np le, 
the index of 48 resulting from the use of May to September data places 
Saanichton in t ile same relative cl ass as Saskatoon and Lethb ridge 
(Tal.i l e 1) as far as s ummer rainfall effi ciency is concerned. i.Ja ta for 
t he period in \'l ili ch the 50 cm soil temperature is greater than 41°F 
v.1ou l d indicate climatic conditions during the peri od , as expressed by 
the index, are s imil ar to tho se at Beaverlodge, Calgary, or Wi nni peg. 
If tile period in \'Jhi ch air temperatures are greater than 41°F defi nes 
the growing season , Saanichton conditions (i n regard to the moi sture 
bal ance with a well drained soi l) are represented as be ing s imil ar to 
t hose at Harrow . 

The c limati c moi sture index was con ce ived as a too l t o provide 
climati c da t a in a fo rm useful for comparing the capabi l ity of areas in 
re 1 ati on to annua 1 crop production and to provide a means of arrivi ng 
at rougl1 estimate of rainfall efficiency du r ing the grmJing season for 
ti ,ese crops . If the period when the air temperature is above 41°F can 
be considered as the growing season for fo rage crops, t hen t he index 
based on data for t his period can be interpreted in s imilar terms but 
in relation to forage crops. In the context of Canadian climate, where 
outbreaks of cold air or influxes of warm air may effective ly change 
the abo ve ground growing season relatively independent of the 50 cm 
soil temperature, indices based on a soil temperature growing season , 
whi l e representing the climatic bal ance during thi s period, wi ll have 
on ly an indirect rclc1tionship to crop proJuction Cdpctu il i Ly and a 
less meaningful physical interpretation. 

Conclusions 

Tile fo 11 m·Ji ng con cl us i ans are based on the data fo r 23 stations 
across Canada for which two or more years of observed soil temperature 
records are avai lable . They mus t be re-examined as additional information 
becomes avail abl e . 

1. l\s determined for thi s s tudy, all significant soil wate r 
defi cits or irrigation requirements developed during the May
September period . 

2. l·los t heavy preci pita ti on outside the ~lay-September peri ocl 
shows up as surplus and is not immedia t ely available for crop 
use. 

3. Climatic moi sture indices based on data for growi ng periods 
determined by soil or air temperatures greater than 41°F are 
1 arger t han t hose based on the May to September period due to 
the additional rai nfall in these periods . 

4. Except for cases where t here is heavy rainfall i n earl y spri ng 
or 1 ate fa 11 the order of t he stati ans based on t he s i ze of the 
indices is essentially independent of the growi ng season 
se l ected for determini ng t he data on which they are based . 

5. If t he period when t he air t emperature is greater than 41°F can 



- 71 -

be considered as the growing season for forage crops then the 
index can be interpreted as originally intended except the 
reference will be to perennial crops rather than annual. 

6. If the 50 cm soil temperature is to be used for determining 
growing season intervals, the index for this interval represents 
the rainfall-evapotranspiration relationship but its physical 
interpretation becomes l ess meaningful. 
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( 1 ) 
Stati on 

Summerl and 

Outlook 

Sw ift Current 

Saan i cllton 

Saskatoon 
LethbricJge 
Regin a 

Fort Vermi 1 ion 
Fort Simpson 

Beaverl odge 

Calgary 

Winnipeg 

Harrow 
Pri nee Ceorge 

Guelph 
Otta1,,a 

Ke nt vi 11 e 

Kapuskasi ng 
Charlottetovm 

Fredericton 
La Poca ti ere 

St. Jolln 1 s 

No rmandin 

( 2) 
Period 

i'1ay-Sept. 

120- 273 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

I I 

" 
I I 

II 

II 

II 

II 

II 

II 
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(3 ) 
Index 

30 

42 

45 

48 

50 

50 

52 

56 

64 

67 

68 

68 

68 

74 

80 

80 

81 

83 
84 

87 

88 

90 

90 

(4) 
Period 

50 cm Temp. 

>41 ° F 

84- 341 

128- 305 

121-311 

74-334 

121-298 

11 6-313 

145-305 

136- 291 
164-273 

126-298 

131 - 302 

140-311 

103- 347 

131-314 

11 4-337 

117-327 

11 4-325 

131-315 

130-337 

121-321 

130- 318 

136-337 

142-309 

( 5 ) 
In dex 

39 

45 

48 

73 

53 

55 

56 

61 

68 

73 

72 

73 

7G 

80 

85 
84 

87 

87 

90 

90 

92 

93 

91 

(6 ) 
Period 

.L\ir Temp. 

>41 ° F 

81- 305 

107-290 

11 0- 292 

6G-338 

109-288 

103-298 

111 - 285 

118- 276 

126- 268 

11 3-285 

111-290 

11 0-292 

94-315 

109-287 

102-307 
103-301 

107-313 

124-287 

11 4- 311 

108-300 

11 4-297 

131-30::i 

121-288 

( 7) 
Index 

36 

45 

48 

74 

52 

55 

55 

58 

65 

70 

71 

71 

74 

77 

83 

83 

86 

U5 

89 

89 

91 

92 

90 

Tat le l: Co lumns 3, 5 , and 7 are climati c moi sture ind i ces based on data 
for growing seas ons indi cated in co lumns 2 , 4 , and G respecti vely 
(Jan uary 1 = 1 etc. ). Stati on s in co ·lumn l are ranked in order 
of the magn i t ude of the index in column 3. 
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( l ) (2) (3) ( 4) ( 5) ( 6) (7) 
OF Period Preci p. Soi 1 I 1oi s ture Defi cit Index Surplus 

( p) (SH) ( I H) 

Saanicllton 120-273 5.7 2.0 4.2 48 

50 cm temp. >41 74-334* 16.6 2.0 4.2 73 9.7 

air temp. >41 66-338 17 . 8 2.0 4.2 74 10. 9 

Summerland 120-273 5 .1 2.0 9.7 30 

50 cm temp . >41 84-341 7.7 1. 9 10.2 39 . 6 

air temp. >41 81-305 6.9 1. 9 lo. 2 36 .2 

Pri nee George 120-273 11.4 2.0 1. 9 74 

50 cm temp. >41 131-314 13. 6 1. 3 2.0 80 3.8 

ai r temp. >41 109-287 12. 9 1. 8 2.0 77 2.4 

Harro~, 120-273 13. l 2.0 4.2 68 

50 cm temp. >41 103-347 19. 6 1. 8 4.4 76 5.3 

air temp. >4 1 94-315 18. 4 l. 9 4.4 74 4.2 

Swift Current 120-273 8.9 2.0 8.7 45 

50 cm temp. >41 121-311 9.4 . 7 9 . 5 48 . 5 

air temp. >4 1 11 0-292 9.6 . 9 9.5 48 . 5 

La Pocatiere 120-273 18.8 2.0 . 5 88 

50 cm temp. >41 130-318 22.4 l. 5 . 5 92 9.4 

air temp . >41 114-297 21. 8 1. 7 . 5 91 8.0 

Tabl e 2: Bas i c data for sel ected stations. The growing period is given 
in days (January 1 = l etc. ) for the in terval s shown in 
column l. Columns 3, 4, 5 and 7 are in inches of water. 
Indi ces are based on the data in their respective rows. 

* Jl.ss umed grO\\li ng season--see text for explanation 
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1,EMARKS ON RECENT PROGRESS IN AGROCLIMATIC RESEARCH ANO :Vi/\PPING METHOiJS 
TO AID LAND CAPAB I LITY EVALUATION 

G. lJ . V. W i 11 i ams 
Agrorneteorol ogy Section , Pl ant Research In s titute, ntta1-1a 

Over the past few years the Agrometeorology Section of the Plant 
Research Institute in Ottawa has been deve 1 oping computer programs 11hi ch 
estimate temperature normals for any poi nt on the Canadian Great Plains, 
from the latitude, longitude and el evation of each point , us ing equations 
provided by lJr. J . W. Hopkins of IL R. C. , and \viii ch then use t hese 
es ti mated normals and other data to obtain various derived climati c 
resource in formation . 

In 1968 , tabulations which included normal grovJing degree- days and 
freeze - fre e season durations, as we ll as the estimated temperature 
normals, for about 1200 s urvey control point locations on the Canadian 
Great Pl ains , were provided to several soil scientists working on l and 
classification for the Canada Land Inventory. The degree-day estimation 
procedure required standard devi ations of mon t hly mean t emperatures in 
addition to the esti ma ted monthly temperature no rmal s, and as a short cut 
a single set of the 12 monthly s t andard deviations was used for all 1200 
points. Si nee then the method of computing the degree-day norma 1 s has 
been imr>rnved by tlw in,1 11 ._inn in thP r r n9 rrtm nf P(J ll rttionc: for e" timat ing 
standard deviations at any point on t il e Canadian Great Plains, us ing new 
coefficients provided by N. R. C. , i n the same 'day that the temperature 
normals are estimated for any point . The freeze-free seas on es timation 
has also been improved by t he incorporation of eq uati ons developed by 
George Robertson for es ti mating freeze-free season dates and durations 
us ing month ly t emper ature nonnal s. 

While these are val uable improvemen t and refi nements to the methods, 
the main emphasis in thi s research i n the Ag rometeorology Section in 
recent years has been on evaluations of climatic resources for specific 
uses rather than on employing general climatic indi ces s uch as degree 
days. The conte nt ion is that requirements vary so mu ch from one type of 
use to another tl1at the climatic resources must be assessed separately 
for each of a numbe r of important uses. 

l\n extreme exampl e of the effects of the contrasting needs for 
di fferent uses has been demonstrated by using t he survey contro l point 
data to map grmving degree-days (above 42 °F) and heatin g degree- days 
(belo1,1 65°F) for northern Alberta. On the growing degree- day map the 
main pattern ~'las one of high values in the vall eys and low ones on the 
hi 11 s, v1hereas on t he heating degree -days map the main pattern 11,as a 
genera l increase in heating degree- days, and hence a decrease in the 
climatic r es ources for kee pi ng a building warm , going from sout h-southwes t 
to no rth- nort11east. Thus the climatic resources for maturing a crop 
which developed at a rate proport ional to degree days above 42 \'JOuld be 
best in t he valleys and poorest in upland areas anywl1e re in the r egion, 
whereas climatic resources for keeping a building viarm would be best in 
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the so uthwest and poorest in tne northeast, 1·1itllout too much re l ationship 
to t he upl and and vall ey distribution, and any attempt to deve l op a 
s"ingl e climatic index to rate an area for botil needs would be a 1vaste 
of ti me . The same difficulty would ari se in ratin~ a locati on for both 
summer grO\lith of a crop and winter survival of perennials . 

Even with too much 1 ess di verse l and uses, such as the growing of 
barl ey as opposed to whea t, the difference in climati c resources for the 
two uses may be significant . In devel op in g this concept of acti vi ty-by
acti vi ty or crop- by- crop eva 1 uati on of cli matic resources, a pre 1 i mi nary 
map of t he 11 photo-thermal 11 resources (t hermal and photoperiodic ) for 
maturi ng 1>1heat on the Canadian Great Plains was prepared and pub 1 i shed 
(Can. J . Soil Sci., 49:263- 276, 1969 ) . I n thi s, daily temperature normals, 
in terpolated from the estimated mon thly normals, were computed for the 
survey control points and used together with photope riod data on a 
uiometeorological time scale equation to esti mate what phenolog·ical s tage 
wheat woul d no rmally reach at each location , and if t his was the ripe 
stage the normal minimum temperature at the ripe stage was comp uted as 
an indication of the likelihood of satisfactorily maturing and harvesting 
the crop. 

While photoperiod variations might perhaps be ignored in dealing 
with a small region , they must be cons i dered when mapping a region with 
as large a l atitudi nal range as t he Canadian Great Plains . A crop which 
appears to need a certain number of degree days to mature at Fort Si mpson 
may need a cons iderably larger number of degree days around Cal gary 
because of the shorter day 1 ength there . Si nee photoper i odi c response 
vari es from crop to crop, t her e may be no s impl e re l ations hip between tl1e 
climatic resource patterns for diffe rent crops . 

A biometeorologi cal time scale is currently being developed for 
barl ey. This 11/i 11 be used i n mapping the cl imati c resources of the 
Canadi an Great Pl ai ns for barley , as the next step in the activi ty-by
activity evaluation of Canadian climatic resources . In thi s study t he 
normal number of days from r i pe ning to first fall freeze will be mapped , 
instead of the minimum temperature at ripening as l,1as done for wheat. 

Considerable progress is being made concurrently in techniques for 
mapping such resource eval uation s . Hand plotting of 1200 values on a 
map ~·1as very l al.Jori ous . The need for this has now bee n eli min ated by 
automation . Output from t he computer program that calculates the values 
is now used in another pr ogram whi ch prepares a magneti c tape for p 1 otti ng 
the data posi tioned to correspond to a Lambert Conformal Coni cal Projection 
at some s pecified scal e. The numerical data are then plotted on blank 
paper by t ile Calcomp plotter which us es an automatically controlled penz . 
Tile plotter output can t hen be used 1,1Jith a base map over a tracing table 
to draw the isolines in preparing the f in al map . This procedure i s now 
fully operational . 

Instead of drawing the isolines, one can use a program call ed SYMAP 
to have a computer produce a print -out s hm·li ng areas be t11een tile i so 1 i nes 
s naded , vJitl1 i solines appearing white . Thi s shading i s achieveu by 
various combinations and overprintin9s of the standard printe r characters 
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used in ordin ary compute r output li s tings. 

Tile SYMAP shading i s quite e f fective in sho1-1ing dist ri butions of 
variau l es s uch as climatic res ource values , particul a r ly 1·1he n pl 1oto 
graph icall y reduced, uut it is not too satisfactory for s imultaneous ly 
s i1ovd na boundari es, rive rs, etc., that 1voul d be needed 011 a fi ni siled 
map . Such additional geographi c information can, hmvever, be di gi t.i ze d 
and sto red on magnetic tape, and a fl atbed plotter such as the Soi l 
Researct1 Insti t ute ' s Grebber can ue used to draw in t he required boundari es, 
rivers , etc., and enter l egends and titl es on the SYMAP output , either 
l>efore or after photographic reduction. Techni cal detail s of t his 
procedure are currently being worked out and res ul ts so far are quite 
promi s inq. 

On the research side the aim i s to deve l op climat i c r esources 
evaluat ions for a number of important l and- use acti vit i es, wh i ch can 
then be combined i,,Jith soils or other physical r esource data. These 
s110uld provide as obj ective and comprehensive information as possibl e to 
enable land- use pl anning autho r i ties and ot hers to make soundly uased 
deci s ions amon g the various possibl e uses of l and. 

On the technical mapping si de the objective i s to enabl e the research 
worke r to quickly obtain a compl ete and effective vi s ua l express i on of his 
results. Tiie automati call y produced map helps to i ndicate the next step 
1-11len a number of app roaches are be ing tri ed in the researc h, and it may 
be pi1otocopi ed for ci rculation fo r di scuss ion purposes. In the final 
stages of a study several of t he computer maps may be included with a 
manuscrip t for publ ication , thus avoidi ng the l ong delays i nvolved when 
hand mapping i s req uired . 
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REPORT OF THE SUBCOMMITTEE 
ON SOIL SURVEY INTERPRETATION FOR ENGINEERING USE 

S. Pawl uk, Chairman 

Al though soi l surveys have for a long time received prominence in 
their application to agronomi c practices, the interest in,and use made 
of,such surveys by the professional engineer warrants some revisions in 
the methods for reporting soil data and the interpretation of such data 
to more closely meet the engineer 1 s aspirations and needs . 

The engineer has al1<1ays regarded soil as a construction material 
to either support foundations and structures in its natural state or to 
be remolded into a material which may be utili zed to build structures 
such as highways , dams , conduits for sevJage disposal and the like. For 
this reason, the engineer 1s concept of soil normally applies to the 
entire regolith or the unconsolidated sediments on the earth's crust 
and t hi s is what he tries to manipulate to meet his specific objectives. 

In order to fully understand the performance of what he considers 
to be soil, the engineer is interested in many properties which are of 
interest to the pedologist because they aid in the characterization of 
the µedogenically active portion of the regolith. It is for this reason 
t hat pedological information collected during soil surveys has been of 
value to the engineer although it was not originally intended to serve 
this purpose . The application of such information to the problems of 
t he engineer 1<1as left to his discretion and hi s ability to use the informa
tion 1vas often determined by his comprehension of soil survey methods. If 
the pedologist now desires to reorient his objectives in soil mapping in 
order to make his information more broadly applicable and at the same 
time more exacti ng, it will be essential to review mapping procedures and 
reconsider the list of recommended analytical data published in the soil 
sur vey report. 

The pedologist does not wish to, and cannot, replace the engineer or 
reduce his usefulness to society, but does wish to establ i sh closer coor
dination of efforts for the mutual advantage to both . Furthermore, un
qualified pedologists interpreting soil survey data for engineering use 
without consultation with qualified engineers run the risk of mak ing 
erroneous reco mme ndations that could severely damage the image of pedology 
as a scientific discipline . It may be wise to remember that pedologists 
are no more competent in conducting engineering interpretations than 
engineers are in describing soil profiles. Therefore, it is recommended 
that interpretations should be prepared in consultat ion with the profes
sional engineer and t hat every effort possible should be made to follow 
t his procedure. 

Although it i s generally agreed that additional information in tile 
1-1ay of relevant characteristics and properties 1>1ould be very useful in all 
reports, tl1e need for interpretations and the kinds of interpretations 
depend largely on the objectives in mapping and the map scale. 
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It is generally accepted that although reconnaissance maps of one 
in ch to two mil es and maps of smaller scal e serve v1e ll as soil resource 
inventory maps and have been useful to agri cul ture, tlte vari abi 1 i ty 
\'Jithin map units i s not suited to on-s ite planning of the enginee r. It 
may be of some val ue to the engineer for conducting very preli minary 
e valuations . Because of the limited value of s uch maps to the engineer , 
it i s recommended that interpre tations be e ither exc luded from s uch 
reports or incorporated as broad genera 1 i zati ons. Hoi,1ever, it is recom
mended that the follovling additional data on properties and character
i stics be provided: 

1. Atte rberg limits and plastici ty index. 
2. particle size distribution according to the unified and/or 

A. A.S. H. O. system. 
3. improved mapping of non-agricultural l and, s uch as t hose 

prese ntl y di stingui s hed as "alluvial soil s" and "eroded 
soil s " along major drainage ways . 

4. a corre l ation of eng i nee ring and pedological terminology. 
5. 0.33 bars and 15 bars moi stur e retent ion especially for 

agricultural engi neers. 

Semidetai l ed and detail ed maps of larger scal e are generally prepared 
wi th s pecifi c objectives in mind. Therefore, the specific objectives 
sho ul d provide guidance for interpretations if they a re to be s uffici ently 
meaningful to meet loca l requirements. Under s uch ci r cumstances, t he 
mechanics i nvolved for rnnrl11ctin~ ~11rh iri+errrPt o+i ons become dependent 
upon facilities and personnel at hand . At t he 1960 meetin gs of the 
C.S.S.C. in Edmonton, a conceptual mode l of what was most des ired for 
conducting engin eering inte rp retations was accepted. Howeve r, it i s 
unli kely tha t soil survey units across Canada will be suffici ently 
eq uipped and staffed to fol l ow this approach for some t i me. 

Therefore, this commi ttee recommends that individual soil survey 
units purs ue thi s matter of engineeri ng interpretation s according to 
their mm objectives and local nee ds . The mechanics involved shoul d also 
be worked out loca lly through cooperation between the pedol ogi st and 
enginee r. Si nce the input of t he e ngineer would be s i gnifi cant in dete r 
mining the ki nds and numbe r s of c l asses wi t hin any interpretive grouping, 
this too i s of l ocal concern. 

On the basis of the foregoing, the committee \!Jill r ecommend onl y on 
a format, on the pos s i bl e parameter s that could be measu red , on tile 
nethods of anal yses and on t he possibl e use of t he data. 

The format proposed at the 1968 Edmon ton meetings of the C.S.S.C. 
appears to be adequate at t he present time . Ad diti onal parameter s , 
both meas ured and inferred , that co uld be reported are outlined in 
Table l. The r ecomme ndations are groupe d according t o desirabil i ty and 
feasibi li ty as s uggested from s unmari es receive d from all so il survey 
units . 

Since engineers do not have a uni f i ed system for ana l ytical pro
cedures on a national basi s, procedures followe d s hould be those 
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acceptable on a local basis. These procedures are generally those out
lined in Lambel , Terzaghi2 and A.S. T.M.3. 

uata reported for civil engi neers shoul d dea 1 with the C horizon 
and to a much l esser extent the B hori zon . Data accumulated by engineers 
to date suggest little difference between the performance of the B and 
of t he C horizons . The A hori zon and often the B hori zon is generally 
considered as overburden. The agricultural engineer, on tile other hand , 
is generally concerned with the A and B horizons since hi s objectives 
are not t he same. 

Recomme ndations for use li sted in Tabl e 2 are based on the premise 
that site planning is no t considered t he sole responsibility of the 
engi neer. On t his basis interpretations for recreational use , landscape 
design, etc., are not regarded as engineering interpretations but rather 
as "l and use" i nterpretations. Because such interpretations are mul ti 
disciplinary, they should be handl ed separately by a committee on 
"Interpretation for Mul tiple Land Use" . In many instances provincial 
groups already function in t his manner. 

1 • Lambe , T. W. 

2. Terzaghi , K. and 
Peck, R. B. 

3. A.S . T. M. 

Soil Testing for Engi neers. 
John Wi ley and Sons, New York. 

Soil Mechanics for Engineering Practice. 
2nd Edition . 
John Wiley and Sons, New Yo rk . 

Standards, American Society for Testing Materi al 
Phi l adelphi a, Pa. 
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Table l 

Information Recommended as Being Useful for Engineering Interpretat ions 

List A. Additional information recommended on a routine basis where methods 
are well established . 

1. a. Atterberg limits . 
b. Plasticity index. 

2. Shrinkage limit and shrinkage index. 

3. Particl e size distribution. Uni fied system and A.A.S.H .0. system. 

4. LJepth to water table \I/he re measurable \vith the use of hand t ool s . 
Only valid if related to time of year measurements made. 

5. lJepth to bedrock (and type) \vhere meas urable \vith hand tool s. 

6. Field moi sture content at 81 t o 10' .,.,he re ob tainabl e with the 
aid of poi,,Jered "corer" . Perhaps only necessary to go to this 
depth in areas about to be urbanized . Othenlise, maximum of 
51 to 6 1 may be suitabl e . 

7. 0. 33 bars and 15 bars moi sture tension. 

8. Location of sand and gravel . 

9. It is strongly recommended that "al luvi al soil s " and "eroded 
soils II along drainage ways be properly de 1 i neated into 
pedologi cal map uni ts as done for the general map area . 
Little or not any significance has been assigned to s uch soil s 
on many reconn ais sance maps. Thi s is especi ally important in 
flood control studi es. 

10 . Correlation of terminology (prepared by co1TITT1ittee on terminology 
defi ni ti ons). 

11. Maxi mum dry densities. 

List B. Additi ona 1 information recommended on a routine bas i s but where 
research on methods and techniques is r equi re d to de t ermine 
suitability and reliability . 

1. Optimum moisture for maximum compaction. 

2. Maximum depth of frost penetration and frost action . 

3. Corrosion potential. 
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List C. Information that would be useful for deta iled surveys conducted \vith 
~ngi neering purposes in mind where compl i cated techni ques and/or 
considerable time is involved in measurements. 

Li st D. 

l . Unconfined compressive strength (bearing strength) for cohesive 
soil s. 

2 . .!.!! situ hydraulic conductivity. 

3. Soi l moisture curves. 

4. Undisturbed pore space . 

en 

l. Electrical conductivity . 

2. Clay mineralogy . 

3. Exchangeable cations and capacity. 

4. Organic matter content . 

5. Ca and f·lg carbonates. 

6. pH. 

Table 2 

List of Possibl e Engineering Applications 

l. Highways, roadways and path\'1ays. 

2. Urai nage requirements: 

a. irrigat ion. 

b. sewage disposal . 

for 

c. fields (i) game fields (ii) golf courses, etc. 

d. campsites. 

e. agricultural drainage. 

f. road drainage . 
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3. Foundations: a. res identi al ; urban and suburban. 

b. industrial 

c. cottages. 

d. airports. 

e. agricultural fo undation (large s ilos , 
feed lots, barns, etc.) 

4. Corrosion: a. pipel ines (stee l). 

b. te lephone cables (aluminum). 

c. concrete (cement ). 

d. aluminum irrigation pipe. 

5. Earth- fil l ed \'later divers ion structures: 

a. terraces. 

b. wa te n,iays. 

c. dikes l PVPP, 

d. rese rvoi rs. 

6. Evaluation of suitabl e t ill age eq uipment: 

a. acco rding to tilth req uirements for 
different soi l s. 

b. according to power requi rements for 
different soi l s. 
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Discussion 

Do engineers use the same size fractions when doing 
particle size distribution as we do (U.S.D.A. )? 

Not entirely, they generally employ Casagrandes procedures. 

What about use of the geological classification of 
particle size (Wentworth scale)? 

Not used by soils engineers in Alberta. Engineers would 
rather see particle size distribution plots than textural 
class as the fonner is more meaningful for their purposes. 

Would plots based on Wentworth scale be more meaningful? 

Don't know! In any event clay size break is approximately 
equivalent . 

In Ontario, the clay size break is not the same for 
engineers as for other disciplines . The break at 2 µ 
is being used and adopted, however, a reading from the 
hydrometer at the 5 JJ break \'IOUl d be very useful for 
highway engineers. Ontario highway engineers do not use 
the Wentworth classification. 

There appears to be no unifonnity among geologi s ts 
regarding use of a particle size classification. In 
Alberta, sedimentologists use the Wentworth system while 
surficial geologists employ the U.S.D.A. system. 

Could we not help engineers more by giving topography or 
1 andforms? 

In Alberta, the engineers are not too concerned with 
topography as this is supplied by topographical maps. 
This, of course, would be a local consideration. 

Ontario has a good monograph on topography and physio
graphy which highway engineers find most useful . Thus 
the regional availability of information in Canada is 
important in discussing guidelines for engineering 
interpretations. 

Landform infonnation for a whole province would aid in 
interpretation and possibly eliminate some preliminary 
terrain analysis by engineers. Maybe this in formation 
could be supplied by pedologists . 
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I think this i s a regi onal probl em. In /\lberta, there 
are good topograpllic maps avail ab l e, especi ally in settl ed 
areas, and a terrain map may not be use ful. 

The idea of engineering interpret ations of soi l survey 
i nformation is well accepted by me and I bel ieve woul d be, 
and is , by soils enginee rs. These could t i e in 1,Jith the 
urban geology maps as depth of overburden is important. 

We have suggested that this information be s upplied i .e. : 
depth of overburden , wli en the infor mation can be gathered 
by the use of hand tools. 

Th i s i s a useful consideration as this information i s 
important for the construction of pil es, etc. where t his 
information i s no t available from an urban geology map. 
Special forma t ions s uch as Leda cl ays should al so be 
included i n ove rburden and engineering interpretation 
information . The Associ ate Committee on Geotechn ical 
Information of the N.R.C. sho uld be involved in this 
committee ' s (C.S.S.C. Engineering Subcommittee ) delibera
tions. I believe this concept woul d be well recei ved. If 
a committee could be struck heavily 1 aced with both 
pedolo gi sts and engineers this would be most useful. As a 
point of interest, at first the idea of an urban geology 
map was not \'1el 1 accepted by enc,inPPrc:; ;:15 m0c;t of the dJt.:i 

ram dril I holes was 111 the hands of pri vate enginee ring 
consultants. Now the urban geology maps are very 1'-lell 
accepted and I believe that soil maps would be 11Jell 
accepted but ofte n they are not available, or the engineer 
does not know hov, to use them or there i s i nsuffi ci ent 
data for their pur poses. I still maintain there would be 
no objection from engi neers to use soil maps and soi l s 
interpretations i f data are presented. 

Should representative data be presented on bench mark ar eas 
with no range in characteristics or sho uld characteri sti cs 
have r anges in properties defined? 

It is diffi cult to give statistical error to s oil s data for 
engineering purposes, howe ver, some vari ab i 1 i ty or range in 
cllaracteri sti cs shoul d be presented ,.,,i tli soils data. Once 
again whether data are presented for all soil s or on ly bench 
mark soil s depends on sea 1 e of rnappi n9, objectives of t1ie 
s urvey , time and fac il ities avai lable, etc. , and thus 
becomes a regional probl em. Data acq uisition also depends 
on the coopPrati on and needs of the 1 oca 1 regio n. Some
t i mes all tl1at i s req uired i s that the pedo logi st carry out 
t he sampling and engi nee ring 1 aboratori es carry out tile 
anal yses, in other cases the pedologist must do as much as 
he can because there is no s uch cooperation. Therefore, I 
emphasi ze t hat many of t hese problems have to be deal t \'lith 
at t he l ocal l evel . 
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Maybe Mr . Owen White would comment on how he cooperates 
with the Ontario Department of Hi ghways. 

In Waterloo County, I had a graduate student at \~aterl oo 
working closely with Mr. Presant at Guelph. The student 
sampled the soils and we undertook t he analyses at t he 
University of Waterloo . The costs of the tests involved 
were approximately 3 - 5% of t he total cost of the survey . 
Tests carri ed out were grain si ze, standard Proctor and 
Atterberg l i mits on all horizons of 60 soi l s which is 
approxi mately 90% of t he soils in the survey area. 

In Brant County, essential ly t he same procedure will be 
followed. C. Acton sel ected t he sites, I sampl ed and the 
Ontario Department of Highways wi 11 do the testing . A 
report wi ll be written with co- authorship of the parties 
involved. We hope to conti nue this cooperative effort in 
t he future as to date there have been very 1 i ttle real 
extra costs. I would suggest, however, that pedologists 
in carrying out t heir analysis take that extra reading of 
5 µ on their hydrometers in grain size analysis. 

In t he Macdonald area, the University Department of Soils 
have a consul ti ng fi nn that wi 11 take on contracts for 
anal ysis. This service is offered to everyone i ncluding 
government agencies . You are welcome to use our services 
as l ong as you are willing to pay for t hem. 

In Quebec, t he Highways Department requests soi 1 survey 
in formation and reports. The use of soi l reports by 
engi neers is greater than by agricultural representatives . 
They use t he infonnation for site location for roads . 

Various soil survey units get together with local soils 
engi neers and work out the procedures best suited to 
local conditions. 
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REPORT OF THE SUBCOMMITTEE ON CROP YIELD ASSESSMENTS 

R. A. Hedlin , Chairman 

There i s always difficulty in obtai ning ideas and preparing a report 
on the basis of correspondence . The efforts of this committee proved to 
be no exception . Provision was made for a subcommittee meeti ng on Monday 
evening . However, out of nine members represe nting all provinces except 
Newfoundland and P.E . I . (2 from Quebec) - one was not in atten dance at the 
meetings, two had not yet arrived and three were in attendance at other sub
committees meeting con currently. I have tried to glean ideas from most 
of the members of the subcommittee and to incorporate them i n t hi s report. 
If t hei r ideas are mi s represented or i nadequate.ly stated I hope they will 
fee l free to correct them in the di scuss ion . 

In 1968 this committee directed its attention to three questions : 

l. Can meaningful crop yie l d assessments be made? 
2. ~~hose r es pons i bility is it to make crop yield assessments? 
3. Are soi l s urvey reports the place to publish crop yield assessments? 

With regard to the first question the conclusion was reached that 
crop yield assessments with 11 average 11 to "good" management are possib l e at 
least in the prairi e provinces. There seemed to be some reservations 
i nsofar as the other provinces are concerned. lhe reason for the dif
ference v,as s tated as follows: 11~~heat has been the dominant crop (in 
Western Canada ) and has probably been grown on every so il 11 . In add iti on, 
"Wheat yi e ld dat a i s relative ly easy to obtain" . By comparison in 
Eastern Canada and B. C. t he respondents noted that difficul ties were 
imposed by the variety of crops produced and by the problem of obtaining 
data from sufficient acreage to make yie l d assessments. 

l•Jith regard to questions 2 and 3 it v,as agreed that pedologists had 
a respons i ui l ity, al ong vJith other agriculturists, to make crop yie ld 
assessments. Tllere was not complete agreement concerning the des i rability 
of publ ishing crop yield assessments in soil survey rcnorts. 

Part of t he difficulty in making crop yie l d assessments i s that of 
decid in g who ·is going to do the work for a program wliich i s time con
s uming and prol.iabl y not very rewarding professionally and for 11tlicl1 no 
one seems too anxio us to provi de financi al support. 

One probl em has been raised which deserves di scus si on. A reply to 
my l etter of 1·iarch 16 stated, ''Good yi eld assessments are not very 
meani ng ful even under good management due to the important part 1veathcr 
plays in producing tne fin al yi e l d". 

Thi s s tatement is true if a yic l d assessment is intended as a 
predi ction of t he yield which can be expected on one field in one year 
on a particu l ar soil type. Hm·1ever> crop yield assessments have not 
generally been used i n this 1·1ay. Fenton et al. (2) in an articl e on 
soi l yie ld potential give yiel d predictions which they consider attainabl e 
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as a 10-year average. Rust and Ode11 (5) in an eval uati on of producti vity 
of corn yie1ds in 11l inoi s concl uded t hat the standard error of the mean 
of yield est imates for one field for a 10-year period is approximate ly 10~~ 
of the mean yi eld, and t he standard error of the estimated mean yi el d for 
15 f ie1ds for 10 years i s approximately 2.5~~ of the mean yield . They 
conclude that not much additional accuracy is obtai ned by using data from 
mo re th an 150 fie lds . 

If we accept the experi ence of the workers referred to above in 
making crop yield assessments we should be attempti ng to evaluate tl1e 
average crop producing potential under a certain level of management. 
Such yield assessments shoul d be valuable to farmers, to other agricul 
turists, and for many government programs such as crop insurance and land 
assessment . 

In maki ng crop yield assessments under different management levels 
\ve are then attemp t ing to express the yie1d in terms of many factors 
affecti ng yiel ds. Thi s relationship can be expressed as fo1lows: 

yield= constant+ f (soil type ) + f (c1imatic variabl es ) + 
f (management factor A) + f (management factor B) 

where 

management factor A = soi 1 + fertilizer N, P, K. 
management factor B = ti ll age practices, weed control, etc. 

A separation of management factors A and B seems desirable s ince the 
fert ility status is more easily related to yields in a quantitative 
manner than are factors such as till age. 

Cl assification Uni ts for Crop Yield Assessments 

l . Soil and climate - Chapman and Brown (1) in t heir study of t he 
climate of Canada recognized nine moisture classes ranging from no 
moisture deficiency on the average to an average deficiency in excess 
of tv,el ve inches . They al so establ is hed seven temperature cl asses on 
the basis of degree days and frost free period . The moi sture and tem
perature classes were combined to give 40 climatic regions in the 
agricultural areas of Canada. These or other cli matic groupi ngs may 
serve as a basis for crop yield assessments when used in combination 
with soil classification units . 

2. Various studi es have been conducted based on soil classification 
units or interpreti ve groupings. Mackenzi e (3) found that great soil 
groups and capability classes both showed some promise as a basis for 
predicting oat yields . 

Moss (4) studi ed the relationship of soi l and climate to wheat 
yie lds in Saskatchewan. He found both soi l and climate to be important 
factors in determini ng wheat yields. 

To be most useful assessments of crop yields should be made on 
the basis of soi l units which are large enough that there will usually 
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be only one or two units on t he commonly used cropping units. 

Last March I wrote to members of the subcommi t t ee as king ~-Jhat had 
been done si nce 1968 regarding crop yiel d as sessments . On the bas i s of 
information I have obtai ned in writi ng and in subsequent communicati on 
I would like to comment briefly. 

In British Columbi a some work is being done rel at i ng soil types 
and management practices to yields of cereals and forage in the Fraser 
Valley . One problem in t his work has been t hat of getti ng farmers to 
keep adequate yi eld records . For speci alty crops such as peas some 
yield information is provided by canneries . 

In Alberta yield data has been col lected by the Departme nt of 
Municipal Affairs for wheat , oats and barl ey. This has been coll ected 
by shipping points for the years 1950 to 1964. Yi eld data is also 
avai lable for the years 1960 to 1970 f rom a number of t he better fanners 
in the provi nce as well as from t he substati ons fonnerly oper ated by the 
Experimental Fanns. Some attempt has been made to relate t hese yiel ds 
to soil capability units and to t he cl ima t ic map un i ts being prepared by 
Mr. Jack Clayton . 

In Ontario there i s now yiel d i nformation availabl e on maximum corn 
yi elds for about s i x year s. Studies are under 'viay to ascertain the soil 
properties and management practices wh ich contri bute to corn yields. 

Profess or Millette of Macdonald College offers a farm management 
service to farmers in which management practices and soil types are 
related to crop yields. 

Methods of Obtaini ng Yi eld Information 

1. Soil testing laboratories - In Saskatchewan and Manitoba f arme rs 
submi tting samples for analysi s fill out a questionnaire givi ng i nforma
tion on man agement practices incl udi ng fe r t il i zer use and yi elds obt ai ned. 
Si nce t he legal description i s al so provi ded by t he fanner it i s poss ibl e 
to determine the mapped soil unit although not always wi th a preci sion 
which might be desired. 

In both provinces plans are in progress t o rel ate yi elds to mapped 
soi l units and to some management practices. In Mani toba, i niti ally at 
least, the study will be limited to fields from wh ich sampl es have been 
submitted for two or more successive years . In many such fie lds in forma
tion will be available for t he second and success ive years with fertili ze r 
appl ied at rates reconmended by soil t est . 

2. Crop insurance statistics - In Manitoba a crop i nsur ance plan has 
been in effect since 1960 when insurance coverage was offered on about 
25% of the crop acreage of the province. This was gr adua1 ly ·increased 
until insurance coverage was offered th roughout the province in 1967 . 
Presently about 50% of the farmers i n the province insure at l east a 
part of their land. 
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Hhen t his program \'las introduced productivity ra t"i ngs were p 1 aced 
on a quarte r section bas i s on all l and in the province. The ratings 
were establ ished on the basis of soil characteristics and were in effect 
an attempt to ass ign hi storic yiel ds of wheat, oats and barley, which 
were availabl e by crop reporting districts, to mapped soil units. For 
this purpose ten productivity ratings ranging from 100, 90, 80, etc. 
dm-Jn to 10 were establi shed (somet imes referred to as A, B, C, etc. ) . 
Needless to say, over the province as a whol e each productivi ty rating 
incl udes a number of mappi ng and cl assification units. 

As a part of t he program, the Manitoba Crop Insurance Corpo rat ion 
(MC IC ) is collecting a good deal of statistical information. This is 
done by obtai ning ann uall y, from every farmer insured in Mani toba, 
compl ete acreage and yield statistics for al l crops produced. Informa
tion i s obtained by t he crop insurance agent who completes a research 
questi onnaire with each of his insured farmers fo llowing each crop 
season. The statistics thus obtained provide MCIC with data on which 
to base the coverage and rate assigned to each productivity rating and 
to check t he effects of fertil izer and cropping systems on yield . Over 
12,000 usable questi onnaires were obtained for the 1968 crop covering 
l ,7CO,OOO acres of wheat, oats, barley and flax. 

The questionnaires provide the acreage and yield, the amount and 
analysis of ferti li zer appli ed, whether the crop was grown on fallow or 
stubbl e land and the producti vi ty rati ng of the soi l on which each crop 
was grown. 

Some interesting resul ts have been obtained regarding the relation
ship of yield to productivity rating with and without fertilizer. This 
i s illustrated below. 

Wheat Yield on Fa l low and Stubble as Influenced 
by Productivity Rating and Ferti li zer Use. (1 964-68 average) 

Stubble Fallow 

Soil Yi eld - b.p.a . Increase Yield - b.p.a . Increas e 
rating Unfert. Fert. {l } B.e.a. % Unfert. Fert. { 2) B.~.a. % 

100 (A) 27. 4 33.9 6.5 23.6 35 3 38.6 3.3 9. 3 
90 (B) 22.4 28.6 6.2 27.7 30.2 34.0 3.8 12.5 
80 (C) 20.7 28.6 7.9 38. 1 28.9 32.4 3.5 12 .1 
70 ( D) 19.6 26.4 6.8 39.7 27. 1 30.7 3.6 13 . 2 
60 (E) 17. 9 25.9 8.0 44.7 25.0 28.7 3. 7 14 .8 
50 ( F) 17.6 26.8 (3) 9.2 52.2 24.5 29 .0 4.5 18. 3 
40 (G) 17.8 26.7 (3) 8.9 50.0 23.5 23 .4 4.9 20. 8 
30 (H) 16 .6 25.0 (3) 8.4 50. 6 20.9 24.4 3.5 16. 7 
20 ( I ) 18. 8 23. 1 4.3 22 . 9 
10 (J) 20.5 19.8 (3) - 3.4 

Average 
(v,eigii ted ) 19.2 26.8 7.6 39.6 26.6 30 .8 4. 2 15.8 

( 1 ) At least 38 pounds N and 18 pounds P205 per acre. 
( 2) At l east 18 pounds P205 per acre. 
(3) 1966-68 data only . 
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The y i e l d decreases in a f ai r l y regul ar progress i on from the hi gli 
t o t he l owe r rated soil s on bot h fa ll ow and stubble des pite the subs t an 
t i ally hi gher y iel d on f al l ow l and. Yield increases due to fertili ze r 
are grea t er on the l ess product i ve soi l s parti cul ar ly when ca l cul a t ed on 
a pe rce ntage basi s. Th us f ertili zer appli ca t i on te nds t o decrease di f
fe r e nce s be t ween s oi l s. 

3. Experimenta l pl ots - Si nce a l a r ge number of y i e l ds a re necessary 
t o characte r ize a particul ar soi l , da t a f ro m experimenta l plots appear 
t o have limite d value. They may provide in formation for some soils but 
ce rta i nl y not for very many . 

Summary and Recomme ndations 

l . Re l ative ly l itt l e work appears to have been done in assess ing crop 
yi e l ds i n re l ation to soil t ype and manageme nt level . This i s probably 
due to a combi na t ion of factors . Crop y i e ld assessments are di ffi cul t 
to make, r equire a good deal of ti me and statistical i nformation as we l l 
as cooperative effo r t s of pe opl e with different types of trai ning . 
Adde d to thi s i s t he diff i culty of obtai ning financial s upport for t his 
t ype of vrnrk. 

2. Ues pite the diffi culties , i n some provi nces stati s t ics are becoming 
avail abl e whi ch a re useful in making crop yield assess ments. A good 
deal of wo r k needs to be done t o re l ate these stati sti cs to soi l mappi ng 
and cl ass ification uni ts . 

3. Work t o da t e has been with annua l crops. Crop yield assessments will 
probably be more di f fic ult wi t ll perennial crops. 

4. Crop y i e l d assessments are of fundamental i mportance t o many govern
ment pr ograms and t o resource planning . Therefore, conti nued effo rts 
s hou l d be made to assess crop yie l ds for differe nt soils under different 
manage111e ,1 t pr actices . Where yield i nformation i s avai l ab l e soil type 
s houl d be i dent i fie d . 

Re feren ces 

l. Cha pman , L. J . and Brown , D. M. 1966 . The cli mates of Canada for 
agr i cul ture. The Canada La nd Inven tory Report No. 3. Queens 
Pri nter, Ot tawa. 

2. Fent on , T.E., Hole , F. D., Odell , R. I. and \1Jestin, r. c. 1970. Soil 
yi e ld potential. Crops and Soi l s. Feb. 1970. 

3. ~ackenzie , A. F. 1970. Ag r onomi c qroupings of southern Quebec so il s. 
Soi l Sci. 109: 53-59. 

4 . i·loss , H.C. 1962 . The re l ati onship bet\'1een type of soil and y i e l ds 
of wheat i n Sas katchewan . Dept. of Soi l Sci . , Univ . of Sas k . 

5 . Rus t , R. H. and Ode ll , R. I. 1957 . 1·le thods used i n eval uat ing t he 
productivity of s ome Il l i noi s soils . Soil Sci . Soc. /\me r . 
Proc . 21 : 171- 1 ; 5. 



- 91 -

Oiscuss ion 

Baier - You emphasized that a crop yield assessment i s an average yield 
for a soil type over a number of years. Do you have yield data for 
individual fields from which the effects of climate from year to 
year can be calculated? In addition to average for a soil type the 
yield variabi lity i s important . 

Hedlin - The average yield data are cal cul ated from individual yi el d 
estimates whi ch are avai l abl e. 

Baier - Are t hese data publi shed and if not where can they be obtained? 

Hedlin - There is some publi shed information as indi cated in my report . 
Much of the data i s in process of preparation. Les Henry has a 
tabl e of data with him. 

Henry - Our information from t he so il testing laboratory includes yields 
for known legal locations for an individual year . Soil association 
and texture are coded from t he soil survey maps and the data is all 
on computer tapes. 

Mil l ette - Under Quebec conditions management is more important than 
soils in determining yi el ds. In comparing soils it shoul d be done 
on an economic bas i s. The net return per acre is mo re important than 
the actual yiel d. 

Hilchey - In the Maritimes the inputs required to obtain a particular 
yield also deserve major cons i deration. 

Henry - l'-leani ngful crop yiel d assessments must always incl ude refere nce 
to level of management but extent to \>Jhich you can quanti fy manage
ment i nputs vari es dependi ng on the bas i c data available. 

Pawluk - Did the subcommittee attempt to consi der the effect of soil 
properties in contributing to crop yields? 

Hedli n - No . The subcommittee considered on ly the use of yield data as 
a means of assessi ng yield . 

Dumanski - Uid the committee consider the relationship of soi l s to forest 
productivity? 

Hedli n - r·10, the committee considered only agriculture. There is a 
classification of soil s for forest productivity. I do not know if 
cl assification system has been supported by actual productivity data. 

Cl ayton - Yes, meas urements have been made. Foresters have a great deal 
eas ier opportunity to get this kind of information than agricultur
ists because they can get thirty or forty years ' yield data from 
one yie l d assessment. 

Mill ette - Fairly comple te and acc urate assessments of the forest pro
ductivity of a number of soil s was made i n New Brunswick ~>1he n I 
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worked there a number of years ago. Thi s information is availabl e. 

Ehr li ch - I t hink we are getting off t he topic . Could we ret urn to a 
cons ideration of the matters discussed in the report. 

Peters - We have bee n l ooking at yi elds on a shi ppi ng poin t basi s and 
re l ati ng them to soi l capabili ty cl asses . Some meaningful relation
shi ps have developed. We have been unabl e to relat e yi el ds to the 
soi l -cl imatic map discussed yeste rday. 

Hoffman - In cooperation with t he Soils and Crops Branch we have been 
obtain ing yield information from corn yield competitions. We have 
yi eld data from 700 sites for 1964 to 1969 and are attempting to 
rel ate yi elds to a total of 26 soil and management factors. We 
hope to be abl e to determine which soi l characteris ti cs are most 
i mportant in determi ni ng crop yields. Attempts are also bei ng 
made t o relate barley and hay yields to soi l properti es and manage
ment practices . 

Henry - If we are serious about crop yield assessments we must obtai n 
yield dat a on a continui ng basis. It may be necessary to develop 
procedures for obtaining t he data ourselves. 

Ehr li ch - It i s important that our report s be relevant to the users. 
Crop yi eld assessments are valuable t o many users. 

Recommendation 

Moved that we conti nue to obtain crop yield stat is t ics and to rel ate 
them to soil map ping uni ts. Thi s motion was carried. 
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REPORT OF THE SUBCOMMITTEE 
ON SOIL CORHELATION, PRINCIPLES, PROCEDURES ANU RULES 

J. S. Clayton, Chairman 

I was requested to act as Chairman of a Sub commit tee on Soil Corre 1 a
t i on, Principles , Procedures and Rules, and to prepare a preliminary 
report on these matters for the plenary session of the 1970 meetings . 
The subcommittee consisted of fifteen members representative of all 
regional soil survey units across Canada and of the Soil Research Insti 
tute in Ottawa. 

A memorandum v1as circulated to all members in which the broad 
framev,ork and background of our organization for soi l s work in Canada 
was outlined and an appraisal made of our past activities. On this basis 
some suggesti ons were made relative to the establishment and operation of 
a correl ation funct ion and a questionnaire included in order to get a 
compilation of our progress and future development of so il knowledge and 
interpretation in Canada. Subsequently I had the opportunity of discuss ing 
these matters with many of the members concerned and in addi ti 011 received 
constructive viritten replies and comments from the majority of subcommittee 
members. In some instances these v,ere personal replies, in others they 
represented a collecti ve opinion from the organi zations concerned . In 
thi s report I am presenting the gist of the memorandum and the questions 
circulated, and have tried to summari ze the general reaction to them. 

Memorandum on Soil Correlation 

I am not going to review the hi story and development of soil survey 
and the bui 1 d-up of so il kn owl edge in Canada. Others have done this 
before . Let me say, however, that I think if 1·1e look back and take a 
broad and long view, vie will acknowledge that since the first surveys 
began in the tv,enties at local provincial levels and vlith local concepts, 
we have progressed to the point where we have at the taxonomic or con
ceptional l evel a large measure of national agreement. At the same time 
we have been abl e to go forward in developing concepts v1hich cl osely 
relate to those which are being developed on a continental and world 
basis , and in so doing have been able to make a significant international 
contribution. For much of this we must thank our predecessors at both 
the provincial and national levels , and I think particularly those 1,11ho 
played such a significant part through the progress of the National Soil 
Survey Committee in working towards common goals. 

vie now have a Canadian System of Taxonomy at the conceptional leve l s 
of Order, Great Groups and Subgroups. We have established acceptable 
criteria for horizon and profi 1 e i den ti fi cation and corre 1 ated these 
closely to equivalents in the American Comprehensive System and to the 
FAQ/UNESCO World Soil Units. We have adopted standards for textural, 
structural and other physical identifications and guidelines for chemical 
and mineralogical recognition. It is inevitable that in this developing 
process we have made some errors, abandoned what to many have been cheri shed 
concepts, and on occasions have reversed decis ions to find ourselves riding 
around the same old roundabout of argumentation . I am sure we have not yet 
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seen a f in al perfection of concepts for soil identification but at l eas t 
we have made a good start in arriving at common understanding . 

The next major step in correlation is the ni tty-qritty on e of taking 
our common concepts, bri nging them down to earth, and recogni zing t heir 
pl ace in t he landscapes 1ve survey, and grouping these into soi l map un i ts 
at varying degrees of detail or abs traction . t,Je have been doing this 
of course for many years at our local soil survey l evel s, and of course 
it is here t hat such processes are initiated. Within provincial l e ve l s 
and j urisd i ction we have established a variety of series , associations, 
catenas, or compl exes and have associated these with textural , topographic, 
land forms or other phases considered s ignificant . Our interpreta tions of 
t hes e map units have also been l argely at t he loca l provincial l eve l , and 
thi s of course is where it s hould be done f irst. In mos t i nstances 
adequate cor re l ati on between mappers within the provincial or regional 
un i ts has been accompli shed . In any case at t his leve l such correlation 
i s and should ue the responsibility of del egated authority ~lith i n the 
pro vi nci a 1 uni t s. 

Some progress has been made in correl ation of map units bet~ieen 
provi nces and regions but except i n lo cal areas tilis has not been a 
systematic opera ti on . Some named map uni ts are con-anon ac ross µrovi nces 
in the 1·1aritimes; ~,,hethe r t hey are always r ecogni zed at the same level 
of abstraction is another matter. Some recognition of co111111on map units 
has been made in the British Columbia and AHx:rta Peace River blocks, 
an d to a rni nor degree betlveen f,iani toba and Saskatclte1-1an. These corre ln
t 1 ons Ila ve mostly been n1ade during the course of cooperative soi 1 tours 
acros s and adjacent to provincial borders and these have been most 
helpful as a start . Some correlation of capability mapping and inter
pretation part i cularly in the agricultural sector has also bee n done on 
provincia l borders. 

From time to time t he provinci al units have sPnt to Ottawa lists of 
names of series or othe r map un'its and these iiave been compi l ecJ . VE:ry 
littl e information on t l1e type or modal concept of tl 1ese map units has 
been systematicall y prepared or made avail able for correlation, except 
1·1hat can be gleaned from scanty soil survey reports. 

I th in k 'li e all rea l i ze that wi t h the present stage of deve l opment of 
soil survey data i n Canada, the increasing demands for its use and 
interpretation at the regi onal and national l ev~ l s can no lon ge r Le 
en t irely accommodated by indi vidual provincidl apµroacltcs. 

Another increas ingly s ig11ifica11t factor is t: ,e development of 111any 
soil interpretati on programs by other agen ci cs including university 
geography departments, various provincial or fe deral go vernme ntal services , 
and other organi zations or individual s in t ile private sec tor . 

These programs have been performed at varying levels of relevance, 
Lut un fort un ately with 1'.ttle guidance or assistance avai l able to them 
in corre l ation or in ar1·,vi ng at uniform approaclles. Gecause of ti1cse 
factors thei r use fuln ess i s frequently limited. Tl1 ese organi zations and 
individual s s ho ul d be mi!le aware that there i s a nati onal approach to 
t he profess i onal recognition and interpretati on of soil s i n Canada and 
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they should be assured of receiving assistance in correlating their v1ork 
to the national concepts. 

With these goals in mind I have prepared two charts. Fi g. l suggests 
the lines of communication and correlation that do or should exist within 
Canada and with regard to our international relationships. Fig . 2 gives 
some ideas on the function and levels of operation which migh t be des irabl e 
if effecti ve correlation is to be reached. I mi ght at this poin t make the 
obvious statement t hat correlation i s and must be a mutual relationship, 
a tv10-1vay game, and should not be an imposition by one to another without 
common consent, or if relating between a number of individual units 
should be by a common consensus . In thi s regard I vJOul d like to quote 
from s tatements of Dr. Kellogg on correlat ion given to the 1963 National 
Work Planning Conference of the United States Cooperative Soi l Survey. 
They are equally relevant to our own Canadian si t uation. 

"We have some real problems in soi l corre l ation. Emphas i s on 
interpretations and the 1vork on the 7th Approximation have forced us to 
l ook more carefully at the soil s than we had formerly and as we do that, 
we find soil characteri stics that were not pre vi ously noted and recorded 
accurately. We find that the limits of our soi l series and of the 
phases within t hem have not always been in the proper pl aces . We discover 
this not only through the official correlation route but also through the 
interpretation route. It becomes clear that many of the older soil 
seri es are either vague or wrong . 

Al so we find that some of us have been us ing quite di f ferent concepts 
in so il class ification; and even different combinations of cha racteristics 
are included under the same series name. Such differences must be 
resolved. I think all of you have had the probl em of soil series that 
need testing and do not have adequate descriptions . 

Because we have about 1500 peopl e working in the Soil Survey, we 've 
got to give v1eight primarily to evidence rather than unsupported judgment; 
and I mean evidence that is written down. Because so many people are 
involved they must be able to look at the soil descriptions and interpret 
them alike. All 1500 of us cannot go out and look at the soils together. 
Getting together in the fie l d used to be the standard way to handl e a 
soil correlation dispute. But, gentl emen, this i s now impossible ; we 've 
got to handle so il correl ation largely through the written evi dence." 

In Canada we haven' t got 1500 peopl e workin g in the Soil Survey, but 
we undoubtedly have the same kind of probl ems and they will have to be 
handl ed systematically. You know that we have limited staff to cover a 
big country. Perhaps at this stage of the game thi s i s no insurmountabl e 
handi cap. You 1-1ill note by Fig. l I am suggesting the establishment of a 
National So il Correlation and Interpretation Service at Ottawa wi t h an 
en l arged staff and function, over and above what is presently inadequately 
provided. I think such an establishment would enable better correlation 
not only taxonomically for the benefi t of ourselves as pedologists, but 
al so in the fields of Agronomic, Biophysi cal , Forestry and Enginee ring 
Interpretat ions. I believe this would go far to remove some of the 
justifiabl e criticisms, to the effect that we have frequently been too 
narrowly ori ented or agriculturally biassed in our app roach to soil s. 
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I have not tri ed to be too specific regarding functions at t hi s sta9e; v.1e 
have to knm1 v1hat vie want to do first, the machinery can come afterwards. 

I hope you will study t hese proposals carefully and reply with 
constructive criti ci sms or suggestions. I wo uld specificall y ask for 
your opinions on the fol lowi ng questions: 

(1) Uo you believe that the present or suggested li nes of operation and 
communicat ion are adequate? If not, what would you suggest? 

(2) Uo you believe that the conceptional criteria and standards of 
taxonorey and classification should be: 

(a) Lleveloped by conman consensus t hrough the national commi ttees 
to arrive at a common and uniform approach for Canada? 

(b) Devel oped for Canada i n such a way that they \•Jill close ly relate 
or identify with concepts developed for 
1. The Uni ted States of America? 
2. The FAQ/UNESCO World Map Units? 
3. Both? 

(3) Do you believe that the individual provincial survey units shoul d 
adhere to the national approach to taxonomic classification or be 
free to fo llow independent action in conceptual standards ? (Thi s 
does not refer to map units . ) 

(4) Do you believe that the pri mary authority for the estaulishment of 
1nap uni ts at the local level, of whatever abstraction, should reside 
in the indivi dual s urvey establishments? 

(5) Uo you believe there shoul d be a standing committee of tile Canada 
Soil Survey on matters of disagreement in correlation either at 
taxonomic or mapping l eve l s? 

(6) Do you be l ieve a National Soil Correlation and Interpretation Servi ce 
should be establi s hed at Otta1>1a 1,Jith adequate staff for correl ation 
and data processi ng? 

Summary of opini ons 

With regard to the question naire there was a broad agreement in most 
of tile repl i es wi th some variation in emphasis between units. 

Response t o Question l 

The general opi nion was that t ile present l ines of opera ti on and 
communi cation are not adequ ,te or ar e barely adequate. ~iost felt that 
the suggested lines of operation , cf. Figs. l and 2, with modifications 
woul d i mprove the corre lat ive operation. 

Response to Question 2 

2a. All rerli es expressed beli ef t hat the conceptual criteria and 
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standards of taxonOIT\Y and classification shoul d be developed by comrno11 
consensus through the Canada Soil Survey Corruni ttee, to arrive at a 
common and uni form approach for Canada . One comment su9gested that s uch 
common consensus should not prevent devel opment or promotion of ne\'1 criteria 
by regional units , but that these should be agreed upon by the national 
committee before use. 

Another reply, whil e agreeing in principle , s ugges ted that i n the 
pas t there had often been an undue influence exerted by one or other 
sec to r of the national body in establishing criteri a for taxonolT\Y based 
on speciali zed studies of so il s in regional areas not necessarily rep
resentati ve of a broader Canada-wide distr ibution . 

2b. All replies suggested that concepts should be developed so that 
t hey would cl osely re l ate if no t identi fy with concepts devel oped for 
both the U.S.A . and the FAQ/UN ESCO systems. Several repli es whil e agree
ing in pri nci pl e emphas ized that t he need for a viabl e, workabl e and 
acceptabl e sys tem for Canada was paramo unt, and that we should be prepared 
to follow an i ndependent path if concepts and criteria establ ished for 
other sys terns prove uns ui tabl e to our needs. 

One or two replies tended to favor relating to the FAO/Uf~ESCO concepts 
rather than those of the American system, but all suggested the desirabil 
ity for close re l ations hip with both. 

Response to Question 3 

All replies agree d that the regional uni ts s hould adhere to the 
nati ona 1 approach to taxonomic cl ass ifi cation 1<1i t h a majority reiterating 
t he right of the regi onal units to initiate and develop new concepts , 
techniques and guidelines. They fe lt that these s hould be accepted at 
the national l evel before being used. One reply s uggested t hat whil e 
adherence to national taxonomic classification was necessary and logi cal , 
local groups may have to indicate local terminology which has been used 
in the past and which is serving a local need. 

Response to Question 4 

All groups agreed emphaticall y that t he primary authority for 
es tablishment of map units of whatever abstraction resides at the local 
l evel , with a si gnificant number i ndicati ng that t hese sho uld be correlated 
at the regi onal or interprovincial l evel, so that t hey can fit into a 
national frame~oJork. One reply suggested that t he local authority for 
es tabli s hment of map un its s hould not be above the s ubgroup category . 
Another suggested t hat map units should not be recognized offi ciall y 
until they have been correl at ed in terprovin c-ially . 

Res ponse to Question 5 

There was no firm majority op1111 on r egarding the des irability of a 
Standing Committee of the Canada Soil Survey on matters of di sagreeme11t 
in correl at ion either at taxonomic or mapping l evel s . ,-\ few felt there 
should be s uch a committee but others suggested that thi s 1·1as a function 
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of correl ati on and could be handled by an adequate corre l ation se rvice. 
One opinion suggested t hat such disagreements are best resolved in the 
field with t he assistance of resident correlators in tile regions. 

Response to Question 6 

All replies agreed on the necessity of a National Soil Correlation 
and I nterpretation Service at Ottawa, following t he genera l lines s ug
gested in Fig . 1. A number fe lt that correl ators should res ide Hi th i n 
the different regions or at the ve ry least should be in a position to 
spend a s ignificant portion of time in the areas concerned. 

A f ew replies suggested the need for provincial correlators, par
ticularly where adequate provis ion for such corre 1 ati on had not Lieen 
officially establi shed between operating units. It was emphasi zed, 
hov~e ver, that i n s uch i nstances there \I/as usually a rcaso11abl e correl ation 
at tl1e local working l evel. One \·Jell-considered reply suggested concur
rence i n the es t abli s hment of a flat i onal Correlation and Interpretation 
Se rvice pro vi ding priority \'las given to research both at t he national and 
local regional levels and with particular regard t o interpretative soil 
research at t he regional l evel. 

As mi ght be expected a number of other suggestion s were brought to 
the attent i on of the chairman . These included lhe following; 

(a) Jhe necessity of adequate data on all mapped soi l s being made 
available to a central service was considered essential to adequate 
correlation and also to the establishment of a national Data Bank. 
It \I/as s uggested that the responsibility of providing this informa
ti on res t with the provincial uni t s under whose authority such map 
units were establi s hed. 

(b ) A suggestion was made t hat res ponsibil ity for obtaining soil s data 
for the Arcti c Islands and Northern Territories reside at Ottawa . 

(c) The need was emphasized for better communications between all l evels 
of soil operat i ons, not only betv1een s urvey units but al so 1,11ith t he 
many users of s oil data. 
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REPORT OF THE SUBC0~1ITTEE 
ON STORAGE AND RETRIEVAL OF SOIL SURVEY DATA 

R. Protz, Chairman 

This subconmittee was formed in 1970. From a February, 1970, question 
naire it was apparent that all provinces needed the computer as an aid to 
handl e soil survey data. From a September questionnaire sent to all sub
committee members it was apparent that some provinces were well advanced in 
using the computer whereas others were just ££xploring what steps were 
required. Everyone agreed t hat a Canadian Soil Survey Data Bank should be 
established. 

During the October, 1970 , Canada Soil Survey Committee meeti ngs 
the subcorrmittee held its first mee t ing. From this meeting it was agreed 
that the following points were essential for the development of the Data 
Bank. 

1. The system must be modular. All information now available shou ld 
be put into storage . As new and revised data become available the bank will 
be updated. The Data Bank can be developed one module at a time. This 
would also allow for testing of the data system early in its development. 

2. All available information should be circulated to all members 
(provinces) before a final format is establi s hed for any module. 

3. The modules should be comprehensive so that the different data 
required by each province are included. 

4. Research is required before a uniform coding system for all soil 
profile morphological data can be accepted. 

5. Each province is responsible for adjusti ng the data collected 
earlier into present methods of reporting. Where data have been adjusted 
a record mus t be kept of the formulae used . 

6. A very necessary requirement is the des ign of an effective print
out system for users who wi sh to rel ate soil profile data to soil maps and 
to t he Canada Land Inventory maps . 

In the light of the discussion held by the subcommittee the following 
recommendations were made to the C.S . S. C. All recommendations were 
accepted . 

l . That Canada should develop a soil data bank so that 
a ) soil profile data would be more accessibl e to all users; 
b) interpretive work would be facilitated; 
c) furt her research on present data would be possible. 

2. That the Master Data Bank be at the Soi l Research Institute in 
Ottawa. That the coordination of the data bank be the 
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res ponsi bility of the Soil Correlation Staff of Canada . If 
necessary new positions should be created at the S.R.I. to do 
thi s work or several positions should be transferred from t he 
provi nces to Ottawa . 

3. That the Soil Data Bank be accessible to provincial and university 
personnel for research purposes. That a request for fu nds via 
an Extramu ral Research grant be initiated by the Head of t he 
S. R.I. or t he Chainnan of the C.S.S.C. to establi sh close 
research association with personnel at t he universities. This 
request for funds should be made i n the next year . 

4. That the subcolllllittee be given the res ponsi bility to coordinate 
and di sseminate data on handling soil profile data until a 
suffi cient staff is operating in the S.R.I. Subsequently thi s 
subcommittee could operate as an advisory group to the S.R. I. 
correl ation staff. 

Discussion 

M. Jurdant : A coding system for ecological and pedological data 
has been developed in Quebec and will be published 
shortly. We would like to make thi s information avail 
ab 1 e: to t :11 .. :uucornm1 ttcl.. 

R. Protz: We would like to draw as much as possi ble on the 
experiences of groups engaged in this type of work. 

E. Presant : In the interpretation module, the only reference to 
engineering interpretations is waste disposal. 

R. Protz: The entire section entitled Organi zation for Considera
tion was included in this report only for purposes of 
illustrating t he module or card(s) concept. 

A. Mai lloux: I cannot conceive how you propose to deve lop a system 
of t his nature including all the modul es. 

R. Protz: We don't have to. Due to variabili ty and avail abi l ity 
of data we have come up with a modular concept so that 
data that is available and easy to code can be incor
porated in order t hat t he program can get under way 
as soon as possi bl e. In other words, as modules are 
completed they can be incorporated and used. 

A. Mailloux: We in Quebec have developed a coding module and conse
quently we would wi sh to cooperate with t he rest of 
Canada . 

R. Protz: It is hoped that this subco1T111ittee and other interested 
individuals and groups work together on t his program. 
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With reference to i tem 6.3, do you propose that the 
series designations of older reports be changed according 
to the present classification? 

Yes . But as was indicated in item 6.3, that this be the 
responsibility of the provi ncial units on the condition 
that a record of adjustments be kept. 

This type of system should have been initiated long ago . 
The problem has been and sti ll i s a question of time, 
staff and fu nds . However, this program should be given 
our most serious consideration . 

This essentially is why we have proposed it in the way 
we have. 

To my way of t hinking, once the coding system has been 
worked out, it is a relatively si mple matter to give the 
information to a computer programmer and let him set it 
up . 

Dr. Douglass, what approach has the U. S. taken? 

Essenti ally t his same modular approach has been taken. 
Our system is being bui l t i n stages as well . Very 
generally we have 3 stages. 

1. Classification 
2. Laboratory and morphological data 
3. Interpretations 

Currently we are working on laboratory and morphological 
data. 

A. Mailloux: I feel that morphological data cannot be contained on 
one card. 

R. Protz: Each modul e will be composed of as many cards as i s 
necessary to contai n t he data. 

A. Ballantyne: If we agree to a standard format, t his should be developed 
as quickly as possible. 

G. Millette: The subcommittee should investigate t he various attempts 
that have been made to establish a soil data bank before 
a nat ional code is agreed upon. 

R. Protz : This is precisely what we propose to do . As was indicated 
in t he report, programs have progressed to various stages. 
Al so we intend to draw on work done in t he U. S. and 
e 1 sewhere. 

E. DeJong : Do you propose to put all soil descriptions in the bank 
even if laboratory and other data does not exist for 
some of t hese soils? 
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Yes. Thi s is why we have come up with t he modular approach 
in that we do not have to wait for t he whole system to be 
completed before it can become operative . 

Do you expect to get the field descrip t ions for every pi t 
that is dug? 

These decis i ons shoul d be wo rked out by the i ndividual 
provinces. 

The usefulness of any system is enti re ly dependa nt on 
the character and accuracy of the data that i ·s used . 

This is certai nly true. 
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REPORT OF THE SUl3COMf.1ITTEE ON SOIL SURVEY REPORTS 

0 . B. Cann, Chairman 

Terms of Refere nce. "To determine (a ) the specifi c needs and in terest of 
the various groups who use soil s urvey data and (b) to recommend 
methods of reporting that v/Oul d best s ui t these needs . " 

General Di scuss ion . With respect to i tem (a ) of the terms of reference , 
the s ubcommi ttee reli ed mostly on the opi nion and experience of 
soi l s urvey organizations that had dealt vlitll disci pli nes us inq 
soi l s urvey information. A previous sur vey of users in Al berta and 
a more recent one conducted by the Saskatche1>.1an Institute of Pectol ogy 
indi cated that t he soil section of t he report was considered most 
important to nearly a ll readers. The ki nd of information 1,1hich 
t hese users indicated t hey wou l d li ke to see in r eports include the 
fo ll ovJin9 - f ertility data ; N, P an d K l eve l s of soil s; expanded 
yi e ld data; research i nformation on soilslwlli ch soi l s ar e most 
productive, have the greatest potential for increased y i eld , or 9ive 
t he most economic r e turns from fertilizers ) ; soi l moisture data 
(moi s ture hold ing capacity, effect of s l ope on moisture di stribution , 
effect of organic matter on moisture storage) ; expanded ohysical _ 
~na l yses ( re l ationship of physical properties to plant growth): 
engineering data and interpretation (an al yses useful to high11Jay 
engineers, foresters, city planners and others); recreation and 
vli l dli fe data; speci al reports (l and use pl annin g engineering, 
forestry, etc. ). 

Othe r soi l survey organizations mentioned t he inclus ion of more 
information on drainage, soil stabil ity , avai l ab l e fertility , best 
use indicators, more detailed physical anal yses and the use of 
s ingl e purpose maps. Those who teach so ils would like more informa
t ion on the variability and limitations of the mapp i ng units and on the 
t he geographi cal distribution of soil s. Cl ass defi~ition s of 
interpreti ve cl asses need to be more meaningfu l . 

In t he opi nion of many pedologi sts current soi l survey reports are 
not s ufficientl y ori ented to the general user and should contain 
more i nterpretive material. It is apparent that the primary users 
of soil survey r eports are, and wil l continue to Le, agricul ture, 
forestry, e ngi neeri ng and educational i nstitut ions . ')thers include 
urban pl anning and recreation deve l opment agencies. Present reports 
are not adeq uate l y filling the ne eds of these discipl ines . Some of 
the criticisms cited are t ha t the soil s are no t adequate l y descri bed, 
the distinction between taxonomic and mapping uni ts is not cl ear, 
and the kinds of data and their interpre tation vary v1i de l y in dif
ferent reports. i'lo r e emphas i s is needed on t he re 1 at i ans hi p of tile 
soil to t he l andscape. 

The Mul t i - discipline App roach. The basic data of the soil survey i nclude 
an accurate description of the soi l s , a map showing the i r distribution 
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and an analysi s of t heir physical and chemi cal proper ties. Regard 
l ess of the needs of var ious disciplines. t his is Lhe uata from 
v1h i ch i nternretati ons mus t be made in relation to the soi l envi ron 
ment . It i s possibl e to increase th e detan of soil descripti ons 
and to expand t he scope of the analyses. If multi -di sci pline 
i nterp retati ans are to be in cluded in the soil s urvey r eport, a 
team effort i s r equi red. Such an approach vmu·1 u broaden the score 
of tlie r epo rt and attract more users. 

Tlie re are proul ems in imp lementing a multi -di scip l ine approach to 
soil survey reports. Pertinent data or expert i 11tcrprc tat ion for 
certain di scipli nes may not be availabl e in some areas. Time i s 
al so a factor. Engineers, for exampl e, could interpret t he bas i c 
da t a 1·Ji thout vi s iting the f i eld . Foresters, url ;an pl anners or 
recreati on special ists would require field observations, prefe rably 
at tl ,e ti me the survey \vas ~eing made. L:n l ess expe r ts are attacl,ed 
to soi 1 s urvey staffs or \'/Ork as a team wi tit the soil survey, t l1e 
wr i ting of interpretive sections may be de l ayed. Tl,e subco11:mi ttce 
di scussed the questi on of having individual s from otl1er disc ipl ines 
'.\

1ri t e parts of t he report. It vrns agreed that these reports coul cl 
take tile fo rm of a St!parate sec t i on under i 11di vi uua l aut horsh ip or 
!Je l'lritten by tile princi pal author after consultati on v:i ti, tliP expe r t 
involved, and properly acknm{ledged. Separate scctio11 s under c..li f 
ferent authors make it esscnti al t!lat sor,eone accept respons ibility 
for the 11r.olc report, :ir!cc iL L diffic.ulL fu1 Ll1L L·J iLor Lo Jectl 
with a number of authors 111itltout de l ay in g publi cati on. Undoubtedly 
there v.'ill be considerable vari ation from provin ce to orovincc in 
t l1e extr.nt of i nterpreti vc materi al presented in r eports. The 
report cannot be expected to meet the req uirements of all di sci pl i nes 
to the same deg ree. Condi tions in a gi vcn reqi on as 1.1e 11 as the 
survey detail may dete rmine t he kind and ext ent of interpretation 
necessary. The collal.Jorati on of the various di sciplines durinq the 
mapping stage is t he best approach. 

Some pedologi sts fee l that t here s ltould be a basic, 1-Je ll documented 
soi l survey report giving compl ete profi l e uescriptions, ana lytical 
data, a di scuss ion of t he t axonomic and maPf) i n~1 units and t:1 e 
re l ations hi p of the soi l s to geo l ogy, vegetation and l antlscape. 
Separate repor ts and maps ·would l.Je published for various di sci plines. 
Thi s type of approach does not appear feasiLl e at present because 
soi l s urvey sta f fs l ack the time and physical and f i nancial resources 
necessary to i nvestigate soil propert i es in suffi cient Jept li to be 
ab 1 e to make interpretations except fo r aqr i culture . fleverthe less, 
future reports s hould contai n mo re interprQtivc materia l , possilil y 
up t o 75 percent of the report . The us er i s looking for eas ily 
di9ested in formation t ha t involves a mi nimum of searclli nq. Sub
committee aq reed that many of the ol der Y'(?ports either l ack in forma
tion or require considerabl e read ing to find it. 

A s ugaest i on 11as made tlta t considerati on shou ld be aiven to replacing 
the present system of soi l survey reports wi Lh a computerized s,ystem 
capabl e of se rvinq national , nrovi ncia l and local needs - si mil ar to 
t he Can ada Land Inventory data system. It seems evident t l, at vie are 
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progressing toward some form of such a system, hut there are many 
probl ems to be solved. 

Format of Published Reports_. It v1as suggested that an effort be made 

1. 

to make soil survey reports more attractive to tl1e reader , by 
improving the type of cover or inclusion of more colored photographs. 
Cost is one of the limiting f actors that must be considered. The 
subcommittee considered a change in page si ze to 8 1/2 x 11 inches. 
The advantages of this size include better accommodation for profile 
descriptions and foldout maps, particularly where detai.led mosaic 
maps are used . The disadvantages are that it requires more paper 
and takes up more shelf space. Each province should decide what 
size they prefer. 

The format outlined belov, is intended to provide guidelines toward 
the type of report that the subcommittee feels viou ld better meet 
the needs of users. The report has two parts - one including 
information desiqned to meet the needs of the qeneral user , the 
other containing -a detailed discussion of the taxonomic aspects of 
the soi ls for information of pedologists . The outline allows con
siderable flexibility in pl anning the report. It should be made 
cl ear that neither the titles of the sections, nor the content of 
each sect ion is intended to be restrictive. The details outlined· 
for each section are intended only as guidelines. It is evident 
that, at present, each province will follow a format best suited 
to its needs. Nevertheless, it seems essential that some simi"l arity 
of format in our pub lications should be maintained. The outline i s 
a rearrangement of the format proposed by the 1965 subcommittee , 
1,,i th some additions. 

Suggested Genera l Format for Soi l Survey Reports 

TABLE OF CONTENTS 

If the soil s are not treated in alphabetica l order , an additional 
alpha betica l l i sting i s most useful to the reader. particularly if he is 
not familiar with soil survey reports. Make it easy for the use r to 
find information. Include a li st of figures and tabl es. 

2. PREFACE OR FORWORD 

Gi ve purpose of report and outline the content. This section may 
be used in pl ace of an introduction . 

3. ACKNOHL EDGt·iENTS 

Indicate exactly what the person or persons did. 

4. SUMMARY 

State size of area, oasic information on cli mate, ma in p11vsioqrap lli c 
features, main vegetation, ore at 9roups and subgroups, and other i nforma
tion pertinent to land use. 
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5. rnrnooucT ION 

i~ot nee ded if a preface i s used . Tl tis miqht be replaced by a bri e f 
sect ion exp lainin g t ile use of the map l egend and soi 1 report. 

Part I 

6. GENERAL DESCRIPTION OF THE AP.EA 

Keep all sections as bri ef as possibl e; use map illus trations and 
di agrams whe re poss i bl e. 

Some authors 1voul d pl ace thi s section in Part I I, but a majority fee ·1 

that it s l1oul d come here to acquain t tile reader 1vi th the area. 

a. Location and Extent 

!J . Climate - l·iost authors fee l t hat thi s section should be brief . f1.nr:,end 
- ---·climat i c t ab l es or di agrams . Data on deqree days and any 

infonnati on on climatic capability and soil cli matic groupings 
could be added. 

c. phys i ography f·l;rny feel t11at th i s section ..,l!oulJ ul.' uuctrrdt~d . L,se 
Bos tock' s cl ass i ficatio n of pf~siography to describe troad areas , 
sup11l emented b.v l ocal terms. Give relief, aspect, topo9raphy , 
l andfonns and dra inage of t he physioqraphic div i s ion s Je l ineated . 
For l andforms give t he type and re l ation to qeology; state the 
s i gnifi cance of topography and drainage . In clude pi ctures. 

d. Gco l oqy - i.Ji scuss su r f i cia l geol ogy, types of deposits in the area 
and re l ations hips to soil s. Griefly describe bedrock qeology. 
Bl ock diagrams cou l d be use d here . 

e. Vegetat i on - Keep genera l ; put technical s ite-typ0. descript i ons late r . 
Use the common names of all plants and trees fo ll mved by the 
sci entific name includi ng the name of the autho r. If much 
vegetation i s mentioned , use common names i n t he text . In the 
Appendix , incl ude an al phabeti cal li st of common names and a 
pa rall el li st of scient ifi c names. 

f. p_g~ti on, Towns-.!... Trans_Rortation 

~j story of l.)e ve l opment 

Economi c A~ects_ 

Industri es 

There i s divi derl op1n1on whether 
these section s shou ld i.,e optional . 
Some th ·i nk that they nrovi de a 
geographi ca l environme nt for the 
soi 1 s. Keep very !Jri ef and 
include a number of headings 
together . 

Note: The sections of Phys i ograpf~ . Geo l ogy and Vegetation might be 
rep 1 aced by a secti on on Te rrain Sys tern . 
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7. HOW THE SOILS WERE MAP PED AND CLASSIFIE D 

Hritten in a general way and aimed at the user . How soil in formation 
i s obtained. Briefly outline the s ignifi cance of color, texture, structure, 
cons i stence and other characteristics, the basis for reco0nizinq qreat 
groups, subgroups . families , associations, series and phases. Cl arify the 
distinction between t he mapping uni t and the taxonomic unit . Emphasize 
the probl ems of scale and type of mappinq ; reliability of mapping. This 
section should l ead logically to the description of associations or catenas . 

8. PROPERTIES OF THE SOIL UNITS 

The soils may be described in al phabetical or taxonomic order. A 
bri ef description of t he soil orders, great groups, subgroups, fami l i es 
and associations or cat enas and map uni ts, and t heir relationships may 
be given here. These could be related to vegetation site-types. 

Description of soil association, catena or complex 

1. Location and extent (acreage) 
2. Parent material - type, colo r, r eacti on , etc. 
3. Ranqe in texture 
4. Topography and l andform 
5. lJrainage 
6. Included seri es and associated soils 
7. Irrigation rating if aopl i cabl e 
8. Land use - a paragrap h on genera l land use 

and broad management cons iderations no t 
covered in the inte rp retive sections below. 

Try to stress how the ecosystem components (subgroups, vegetation, 
drainage, l andscape position) fi t together. Give information on al kalinity, 
salin ity, permeabil i ty and other important characteristics as they apply . 

Bl ock diaarams could be used here to show l andform, parent material , 
drainage, vegetation, site- types and subgroups for each catena or associ a
ti on. 

Conclude th i s secti on with a table showing t he relations hips bet1•1een 
t he map uni ts or a short paragraph on the map uni ts and map compl exes, if 
it 1,1ould add additional useful information. 

9. USE AND MANAGEMEIH OF SO I LS 

The emphas i s gi ven to the foll owinq sections will depend on the 
area and i ts importance and the amount of informat ion avail abl e . If 
li t tle information is avai l abl e, the secti on shoul d be omitted. 

~abili ty for agri culture - Give i ntcrpretati ans of cli mate and t he 
-- limits imposed on agri cul t ure by cli mate. If poss i ble, 9ivc cl imatic 

zone map: di scuss crop s uitabi li ty and crop yi e l ds~ present tables of 
l ong t i me yi el ds; give acr eages, management oroup ings and di scuss 
management probl ems such as effects of 1·1ind and 1·1ater eros ion, soil 
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mo i sture, so il f e rtili ty , sa l inity and drainaqe. Soil ana lys i s 
rcr tinent to i nterpretation cou l d be presented here . Try to a voirl 
repea ting information qivcn on Canada Land Inventory m;:ips . l:ath(~r 
attempt to furtl1er refi ne or s up9ly additional data s uch as r at inq 
of organi c soil s or s uhdivisions of Cl ass 6 so i l s . 

P. paragraph on mo i sture holdi nq cr1p acity , e ffe ct of s lor, e on mo i sture 
di stril,ut i on, effect of orqanic mat t e r on moisture storaqe, st r uc
t ure and bul k dens i ty coul d be presen t ed here if useful in defi ni nq 
the capabil ity of tile soil s. 

-~_ara bili ty for fo!'es~ - Give M.A . I. for e acl1 s uitable soeci es . Provide 
as many sil vicultura l interpre t at ions and r ecommendat i ons as possil.i l e. 
e.q . , seedl i nri mortal ity and plant competition , \\'indthrow haza rd , 
br ush hazard, f e r t i l i zati on and s peci es ada()tabi l i ty in relation to 
so i l prope rti es. 

Factors or iented to1.,ard phys i ca 1 feat ures, such as ratings for 
traffi cabil ity, e ros ion haza r d. s lump haza rd and speci es adaptabil 
i ty coul d go l1ere or under enqi nee ri ng uses, depend i nq on 1,1he re it 
best f i ts. 

Enqi nceri na uses of soil s - This secti o11 needs to be developed, uut is 
of i nc reas i ng impo rtance. The ranqe of i nterpretati ons lii ll d~pend 
on amount of pl1ysical data tllr1t cr1n Le asscmi; l 2d f good gu i Jc :1as 
Leen de ve l oped by lJ.S.tJ.A. Support i ng soil ana lyse s cou ld L,c 
pr2sented lie re. Tile data us ed in tiii s sec ti on co uld a 1 so L,c app 1 i eu 
to recreation , hydrology and other uses of soil s. Til e i nterprelation 
may be presente d according to so i l family groupi119s. Cons ult repo rt 
of Sul;committec on Engineering Appli ca tions. 

\~ i l dl i fe man aqe llle nt - Til i s section needs to Lie devc·1 oped i 11 coope ration 
1,1i tl11·,1 ildl ife special i sts. One objective vmuld Le to deve l op criteria 
for l1a!. itat s uitabi li ty as relat2d to soi .l s . Vegetati on and succes
s i onal tre nds are important. Ung ul ate capa iJil ity maps may indicate 
corre l ati on het-,een soi l s and biq qame. Up l and game bird predictions 
coul d be de ve loped. 

Caral;i l i ty for r ecreati on - Tl:i s sect i o11 11 ec~ds to be de veloped. It v;o ulJ 
l;e a very qe ne r ali zed section. En gineering data \11ould gi ve srn:ie 
indi cation of s oil s !;est s uited for camp sit~s, se1·1a9e disposal, 
r l ayqro un ds, roads, etc. 

~ol ogy - Ti1 i s section a l so needs to be deve lopd. Eng illeer·i ng data 
ViOUl d !Je necessa ry as 1-,cll as i nfo rmation 011 tl,e vegetation. 
llydro l ogi c grourings might be developed (S .C . S. Engineering llandboo l; 
on lJate rs hed Pl ann i ng) . Characterize and c l ass ·ify 11ater bodies. 
Thes e groups of 1,vater bodies 111ay be us ed as a classifi cati on entity 
i n dc fini nq l and systems . 

Othe r secti on s tl1at mi ght ue in c luded here arc: 
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Fisheries 
Suitability for Industrial or Urban De velopment 
Ratings for I rri gati on 

Mote : The above sections are not necessarily in order of importance. 
They can be changed to suit the area being descri Led and the 
information available on any particular discipline . 

Single purpose interpretive maps might be presented here i f 
they ~JOul d serve a useful purpose. 

Pa rt I I 

10. SOIL DEVELOPMENT AND CLASSIFICATION 

11. 

(a) Soil Formation - Discuss the factors of soil formation in 
relation to soil development . 

(b) Soi l Development and Classification - Di scuss the kinds of 
soils at the great group, subgroup, and family l evels. 
Give descriptions and analysis of each dominant subgroup . 
Describe profiles of most minor subgroups. This descrip
tion of subgroups i s most useful for teaching purposes . 
Present pictures if possibl e. Describe how the soil s were 
classified and present a soil key s liO\·J ing re l ationship 
beb1een the soi 1 s. If appropriate, show the correspondi ng 
classification of the soils in the American Comprehensive 
System of Classification. 

DESCRIPTIONS OF THE SOI LS 

Description of Soi l s. In describing soils, it is essential that adequate 
analyses are presented for each soil , that most of the soil s are 
analyzed, that the data are correct and that the profil e descriptions 
are carefully and fully prepared. 

(a) Describe series profiles under catena or associ ation headings. 
These may be in alphabetical order or grouped according to 
parent material . 

(b) Use tabular or t ext form for profile descriptions and pl ace 
analyti cal data on same page if possible or on op pos i t e page. 
The analyses may also be reported togethe r i n an appendix . 
Some object to the tabul ar form because it restricts the 
space needed to describe some hori zons. 

(c) For each profile give: 

1. Location, extent, paren t material s, topography, drainage, 
vegetation , great soil group and subgroup. 

2. A generali zed and detail ed profil e description . Us e 
standard terms and sequence of hori zon description as in 
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the "System of Soil Class ifi cation for Canada", pages 
217- 235. 

3. Ranqe in soil char acteri sti cs; differe nt i ation from com
peting seri es. 

4. Major uses. 

Analytical Me thods. Outli ne the methods of phys i cal and chemical analyses 
that were used to obtain the data in t he report . (Thi s secti on might 
be preferred in an appendi x) . 

Di scuss ion of Analy ti ca l Data. Di scuss chemi cal and physica l char acter
i s tics of the soil s in re l ation to cl assification an d use. The 
relation between soi l physical properti es and pl ant qrowth might be 
discussed here. 

12 . VEG ET/\ TION CL/\SSI FI CATI ml 

Thi s section \,1ould include site-type de scriptions and s uccessional 
re l ationships, as \'/ell as a tabl e giving common and sc i entifi c names of 
the pl ants commonl y found in the area. Thi s sect i on could be placed in 
an appendi x if desired . 

13. REFl:.RH!CES 

Li st authors in alphabetica l order and number the ci tati on. The 
citation may be mentioned 'in the text by ill serti ng t li e number i n parent lies is . 

l tl . APPENDIX 

There may be seve r al appendices. They vdll include tabl es of 
acreages, analytical data, if desired , climatic data , etc. 

15. GLO SSARY 

Use officia l glossary of Canada Department of Agriculture 197'.J. 

RECOMMEl~DATIONS 

The s ubcommittee recommen ds that: 

1. ruture soil s urvey reports have two main parts - one part 1·d1 i ch 
brings together genera l information on the soil s and interp reta
t i ons of their capability for use; t he otl1er part descri bing t he 
morphology and cl a~s ifi cation of the soi ls. 

2. The interpretation s for use be \'lrit ten by or in cons ultati on vlith 
persons quali fied in the particul ar discipl ine. 

3. The "Sty l e Man ual for Bi ologi cal Journals" he t he standard fo llowed 
in editing soil survey reports . 
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DISCUSS ION 

Durnanski : llov1 can computers be used in the s ituation described? Sug
gested ·that they cannot perform the work needed by soil survey . 

l{aad: \~hat about scal e of maps publi shed in reports ? 

Baril: Do not repeat the information given on C. L. I. maps , in the 
report. This should be unnecessary if each soil cl ass has a 
capability rating which can be tabulated in the report . r~o 
need to publish two maps at the same scal e. 

Millette : If you have a soil map, all that i s needed i s to catalogue its 
information in the C.L . I. syst em, from 1,11hic'1 it could ue 
retrieved at any time . Eventually you could di spense wi t h 
published soil maps. The same appli es to t he dat a in Part 2 
of the sugges t ed forma t for reports. 

McKeague: The s tyl e of report sugges t ed i s i deal. \~anted t o know if 
any r eports using the s tyl e are at present in prepar ation , 
and what are the poss ibiliti es of ensuring i t s use in the 
future. 

Elli s : The Rosetown report follm1Js t he s ugges t ed scheme quite close ly . 

Toogood: ~,Jhy s uggest a uniform s i ze of report ac ross the country , s ince 
a smaller size is a better fit on a library shelf . 

Cann: There are s ome advantages in us ing the 8 1/ 2 x 11 s i ze fo r 
de tailed reports where mosaic maps are included in the rep ort . 
The choice of si ze will depend on the province and local 
situ a ti on. 

Mills : Should consider putting 7th Approximation corre lation at t he 
s ubgroup level into the soil r eport . Reasoned th at in the 
context of our international image , as re ferred to by Uie 
chairman , more people are familiar 11Jith the ,L\meri can sys t em 
than with the Canadian sys t em. 

Cann : Ag reed to include thi s item in the guidelines for report s . 

Tardif: Concerned that many pedologi sts , es peci ally t hose in uni ver 
siti es , have little knm,., l edge of or inte res t in such s ubj ects 
as recreation and ~·,ildli fe capabili ty. He fe l t t hat t he 
inte rpretive section , as outlined , i s asking too much of t hese 
people. 

Cann: Pointed out that there vrns considerabl e freedom of choice 
l eft t o individual units to do as they see fit in this area . 
The guidelines stress that such secti ons shoul d be wri tten 
by peopl e \·rith knrn,il cdge of t he par t icul ar di sci pline . 

deJonq : Questioned the need for long prof il e descri ptions in Part 2, 
if t his information can be made ins t ant l y avail abl e on 
computer tape . He felt tllat there 11Jas a lo t of i r rol evan t 
detail in descriptions. 
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Pointed out t hat 'it was neither economica·1 nor effici ent to 
se t up a system so that anyone can use it to retrieve sin gl e 
profil e descri ptions. Hov,ever, it i s economical to pu t 
descripti ons into a computer if they are needed fo r other 
purposes . 

In the Hater l oo County s urvey, a 9eologist and an enqincer 
are involved in producing a report fairly close to tile recom
mended format . 

Data stor age i n its present form is archaic. It is a costly 
business to go through four soi l reports to find a soil \\Ii th 
ce rtain qualities . Why not eliminate Part 2 and put all 
effort into Part l and interpretations? Why put information 
into Part 2 if it is so difficult to retri eve? 

Protz: Data must be set dO\·m in some form that 1·/i ll enable a key 
pun cher to put it into the computer in tile first place. 

deJong : A bri ef s ummary of tile information could be publ ished for 
those v,ho mi ght have some use for it in that fonn. 

Protz: The ti,10 approaches are not contradictory, but compleme ntary. 
Prin ting and computerizing of data should exist s ide by side. 

StoJbe : It i s desirabl e to have rapid production of soi l survey report s . 
He stressed the s igni ficance of rap i d puGlication , si nce a 
demand exists and we have an obliaation to supp ly it as 
quickly as possible. He s u~gested that if a report is not 
avail able within 5 years after field work is comp leted, al l 
other work should be abandoned until it is finished. 

Mai ll oux : The soi l map is in demand and is a most i1nportant document. 
I ts l egend shoul d be s impl e, yet comprehensive and eas ily 
read . Agricultural representatives in Quebec take t he map 
out t o farmers and frequently leave the report at home. The 
l egend might contai n s impl e profile descriptions (suggested 
by Mill ette) and be very comprehensive, 1\fith all other deta il 
put into the computer. 

The r ecommcndati ons of t he s ubcommit tee v1ere passed unanimously. 
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REPORT OF THE SUBCOMMITTEE ON SOIL FAMIL IES 

R. Baril , Chairman 

Introduction 

The concept of soil families as set forth at t he seventh mee ting of 
the Nati onal Soi l Survey Committee*(l) "seeks to define the mineralogi ca l , 
the organo-mineral fabrics, and the pedoclimate of soil series in general 
t erms . From these vi ewpoints, interesting and new rel ationships can be 
seen amongst 3,000 Canadian soil series. Furthermore, the so il fami li es 
may enabl e us to examine critically the limi ts set forth in the study of 
soil seri es or soil i ndi vi dual s 11

• 

The t erms of reference of our subcommi ttee on Soi l Famili es for this 
eighth Canada Soil Survey Committee meeting in 1970 ,,,as to make a progress 
report on soil family groupings across all Canadian provinces. Since the 
Edmonton 1968 meeti ng we must confess that very limi ted progress v,as made 
by any province. ~~hy was this? It may be that we took too seriously 
t he word of our national chairman: "Do not make any major change in t he 
Canadian Soil Cl assifi cation Scheme unless you have strong evidence for 
a change" . Could i t be that t his l ack of effo rt in testing by the '' trial 
and error" method the concept of soil famili es is due to complacency? 
As we look at the architecture of our Soil Cl assificati on Scheme we have 
to reali ze that there is an empty story ... t he 3rd floor ... t he fami ly , 
an intermediate level between the higher category: the subgroup and the 
lower one: the soil series. 

Some provinces fe el, as in 1965 and l 968meeti ngs , t hat family 
cl asses could be an interpretative 9rouping for appli ed objectives in 
order to show in a better way soil - pl ant re l ations hips. This attitude 
is , in a general way, in line with the ARDA program which has drawn from 
soil survey data land capabi li ty cl asses and soil capabili ty maps for 
Canada at the scale of 1:250,000. 

Without denying the necess i ty of immediate interpretative groupi ngs 
for a better use of land at a time where agric ulture has a serious 
problem of adjustment, it seems nontheless imperative that a serio us 
effort shoul d be made for grouping soi l seri es. The soil seri es, ca 11 ed 
the polypedons or the soil individuals , are, accordi ng to Cline (3) , 
''the rea l tl1ing that i s cl assified from v1hi ch our concepts of soi l 
genesis and soil cl assification have been drawn". Family groupi no becomes 
a yards tick for checking and es tabli shing proper li mits to so il series. 

- ------------

*The category of Soi 1 Fami 1 i es was adopted in 1968. 
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Questionnaire and /\ns1·1ers 

With the aim of finding if a consensus of opinions existed amongst 
representat ive subcommittee members, a questionn aire was sent to each 
of them . The t hree rather simple questions were as follo\\'s: 

1. Do you agree or find the soil family groupinqs usefu l and 
necessary? 

2. /\re tile re any soil famil y groupings made in your provi nee? 

3. Would i t be feas ible to draw a map s howing soil families? 

At the outset , t he third question was ruled out. All provin ces do 
not see the necessity, at this time, of a family mar. lloffman et al (4) 
has publi shed a type of Family Map with their Soil Association l··lap at a 
scal e of 1 :633,600. The units are named after t lte dominant Family: for 
example, Guelph was used as a family name for a qroup of related soi l 
f amili es and associated series. Thi s map together with the legend 
woul d be, according to Orvedal (5), a categorically detailed and carto
graphi call y generalized soil map . Quebec (2), like Ontario, has a Soi l 
Association rlap at a scale of 1 :3,000,000 . The names of the map units 
are the domin ant series and great groups. /\lberta (6) has distri Guted 
a co l ored map that i s both categorically and taxonomically qeneral ized , 
e.g. great group s and at a scale ot 1:6,0UU,000. Otl1cr provinces, like 
Nova Scoti a for example, have manuscript maps but most of these have not 
been fo r general distribution. 

To t he first question regarding tne usefulness and necess ity of 
having the family grouping, we must report that all provinces are far 
from being un animous . Saskatche\'1an fee l s that this category is neither 
useful nor necessary for the cl assi fi cation of their soi 1 s, a 1 though 
they would accept the family category if other rrovinces think it is 
needed in tile Canadi an Scheme . Manitoba has started to qroup soil s on 
a f amily basis but i s uncertain about the usefulness of the qroupin gs. 
Ne1·1foundl and feels that : "vvithou t knowing lvhat the a11s~1er is to the 
question , we do know that if we do not have families we will not be 
l ack i ng in our knowledge of soil s or soil genesis". 

On the other side of the picture we have had favorable comments 
from the Mar i time provinces , Ontario, Quebec and the Centra l Office in 
Ottawa . The Maritime provinces contemplate a joint project and more 
progress i n family oroupings in the next fe\11 years . Quebec pedoloqists 
of the Pro vi nci a 1 Department of ,ll.gri culture are s ti 11 busy vii th /\RD.ll. 
l and capabi l ity in ventory but foresee more time devoted to this 111atter. 
The Department of Soil s of the Faculty of /\gric uHure is e ngaqed in 
s ome r esea rch for t he characterizati on of benchmarl: soi 1 s and others . 
Ontario, as previous l y mentioned, is enqaqed alon q these soi l studies. 
To compl ete these expressions of opini on, I woulrl like to mention the 
s tatements of John Vay from Ottav,a ( I t•,i ·11 try to l:e fai t hfu l in trans-
1 ati nq some of hi s comments s~nt in French ) : "I aqree t i1at the suh
commi ttee i s reall y useful and necessary . . . i t 1·1o ul d be more usefu l if 
a 11 mcml;ers 1·:oul d r ut their efforts to use the nrooosa ls for far,i ly 
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groupinas and to direct this experien ce to the cha irman. This i s the 
only 1'/ay 1·1hich would assure an ultimate s uccess " . 

Modifications and Additions of Family Cri teria 

The criteria proposed in 1968 (7th Meeting ) are proposed again for 
adoption witl1 the following amendments and guidelines. 

Jlmendments 

1. That the ortstein development in some hori zons of the Humi c, Ferro 
Humic and Humo-Ferric podzols s houl d be e limin ated as part of the 
definition of the orthic classes of same but shoul d be defined as 
ne1,, classes at the s ubgroup category, e.g. Ortstein Humic podzols, 
Ortstein Ferro-Humic and Ortstein Humo-Ferric podzols . The vast 
areas covered by these various Ortstein podzols in northern and 
eastern Canada (probab ly more important than in the U.S.A.) and 
other genetic considerations are the main reasons which are advanced 
for this change. Note: suffix 11 c 11 in the hori zon nomenclature. 

2. That the fragipan (suffix "x") development in some horizon s of various 
great groups of podzols given above be speci fica lly identifi ed at the 
subgroup category and eliminated in the definition of great groups, 
e.g. Fragi c Humic podzols, Fragic Ferro- Humic podzols and Fragic 
Humo-Fcrri c podzols. 

3. That the 18 inches limit as a criterion for the identification of 
bisequa profiles be removed and all like soils having a podzol B 
(13f, 13fh, 13hf) that is evident under tile plov, l ayer be placed only 
in tile Podzoli c Order. Luvic would replace the tenn bisequa. As a 
consequence the Biseq ua Gray Brm'ln Luvisol (3 .13}, the Bisequa Gray 
Wooded (Bisequa Gray Luvisol) (3.2-/ 4) and the various hisequal 
profi l es of the Podzo 1 i c Order vrnul d be ca 11 ed Luvi c Humo- Ferri c 
podzo l s (4 .3-/ 5) . The Bi seq ua Gray Brown Luvi sol (3.13) on account 
of the Ah diagnostic hori zon could be distinguished from the Biseciua 
Gray l·Jooded (3.2-/4) but using t he additional adject ive (inter9rade 
name ) . name 1 y: Sombri c and Luvi c Humo- Ferri c podzo l s ( 3. 13). Tile 
depth limits 1-JOuld be considered at the family and seri es categori cal 
l evels . 

4. Possible amendmen t s might come from revi s ions~ if deemed necessary , 
of the changes nroposed i 11 other subcommi ttecs , e. a. t he subcommittee 
on climate, drainage and/ or moisture classes , etc. These co uld he 
supp l ements to the published handbook on Canadian Soil Cl assification 
Scheme. 

5. Guideline for app lying family textural cl asses or groups to the soil 
control sec ti on and additions as oroposed by John Oay. 

(Unfort un ate l y the section on this s ubject, presented in the 1968 
HSSC proceedi nqs on page 96, does not exp 1 a in hm·: this can be done 
and thus some exp l anation i s needed.) 

a ) In aop lying texture classes use the weiahted aver aqe texture of 
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tflc contro l section or of tile hori zons li sted belO\\', unl ess there 
are s tronqly contras ti no textures within the contra l srcti on. If 
there are s tronql y contrastinci textures, both text urr.s are used, 
e .g . f ine over coarse . 

b) For li tliic and cryi c subgroups of minera l soi ls the texture 
cl asses are appli ed from the s urface down to the contact. 

c ) For all other mineral soi l s that lack !3t or Bn hori zons the 
texture cl asses are applied onl y to the mineral soi l from a depth 
of 10 inches to a depth of 40 in ches. 

d) For mineral soil s that have Gt or Bn horizons tiie texture cl asses 
are ar1p licd to that portion of the Bt or Bn belov1 any A:J, or from 
tllc top of the St or Gn to the \I/hole of tile: Gt or 011 i f less than 20 
inches thick or to the upper 20 inches if it i s more t han 2n in ches 
thick, or if there are hori zo ns or layers of strongly contrasting 
t extures 1·1ithin or be lm·, t he Bt or Bn and within 40 i nches, t exture 
classes are applied from the top of t he Bt or Bn to 40 inches, or 
to a litllic contact if shallov1c r th an 40 inches. 

6. It was proposed tha t t he reaction cl ass l imits (based on the pH in 
0. 01 M Ca Cl 2) be reworded as fa 11 m,,s : 

a) Aci d: pH l ower than 5.5 in all parts of t he control section . 
b ) Ne utral : pH 5.5 - 7.5 in at l east c:;ome part of t:hP rnntrnl c:;erti nn 
c) l\l kali ne: µH hi gher than 7.5 in at l east some part of the 

control section . 

ilote : A more constant communication co uld be done betv-,ecn s ubcornrni ttee 
rnemllers each year or at any time as suggested by Dr. Alex McKeaguc. 
In this manner we wo uld avoid the rush of the l at e hours. 

( 1 ) 

(2 ) 

(3) 

( 4) 

( 5 ) 

( G) 
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REPORT OF THE SUBCOMMITTEE ON ORGAIH C SOI LS 

J . H. Day, Chairman 

The additions and changes recorm,ended for the classification of 
organic soils and the decisions taken by the members of the CSSC are 
as fo 11 ov1s : 

A. Define Folisol great group and s ubgroups. 

8.4 Foli sol Great Group - These organic soi l s are no t usually 
saturated with water for more than a few days, and consist of 
4 inches (1 0 cm) or more of L-H horizons derived from leaf l itter, 
twigs, branches and mosses . A lithi c contact occurs at a depth of 
l ess t han 52 inches (1 30 cm), or the organic l ayers rest on frag 
mental materi al with interstices fil l ed or partially fi ll ed wi th 
organic material . A l ithic contact may occur below the fragmental 
materi al. 11i ner a l l ayers t hinner than 4 inches ( l O cm) may be 
above the l i t hi c contact and t he organic materials are more than 
ti.-,i ce the thickness of the minera l layer. 

8.41 Typic Foli sol - These soil s consist of organic layers under
lain by fragmental materials (rock debris) with inter sti ces f ill ed 
or partially filled with organic material s, i .e . more t han hal f of 
each pedon . A lithic contact may occur below the fragmental material . 

8.42 Lithic Foli sol - These soils consist of organic l ayers under
l ai n by a l ithic contact within 52 inches (1 30 cm) of the soil 
surface . 

It was agreed t hat L- F- H designations be used in this great group 
of so il s to imply the origin and drainage of t he organi c materi al . 

This proposal was adopted (11 for, 7 agai nst ) for trial during t he 
next tv,o or three years. 

B. Alter the definition of the control section by deleting paragraph d) 
The System of Soil Clas sification for Canada (SSCC ) , p. 149 . 

This proposal was adopted unanimous ly. 

C. Redefine 8. 11 b 

8. llb Silvo-Fibri sol - These soils cons ist of uniform fibric 
organic material derived dominantl y from mixtures of wood, moss 
(l ess tllan 75% of the volume consisting of ~p.J.1ag nu'!! spp. ) and other 
herbaceous plants, throughout the middl e and bot tom ti er s . They 
lack mes ic or humic subdominant layers . The contro l secti on is 52 
or 64 inches (1 30 or 160 cm) thick and l acks any t erric, lithi c, 
hydric, cryic, cumulo or limno layers. 

Thi s proposal was adopted unanimous ly . 
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D. Establi sh an order of importance among t he subgroups with the 
objective of limiting the numb~r of combinations of subg roups to 
those deemed to have speci al significance . Some pedoloqi st s are 
concerned by the number of possible combinations of subgroups and 
all that the terms i mply at lower categori es. Hov1ever , some 
characteristics are more important than others because of implica
tions to interpretations and should be recogni zed as subgroups. 

The following pr incipl es were proposed: 

a. Typi c, Fenno- , Si lva- or Sphagna are used si ngly with a great 
group name . 

b. Hydric is used al one. 

c. Cu mulo i s used alone and is given precedence over Fi bric , 
Mesic or Humic. 

d. Limno i s used alone and is gi ven prece den ce over Fi bric , 
Mes ic, Humic or Cumul o. 

e. Lithic i s used alone and i s given precedence over Fibric , 
Mesic, Humic, Limno, Cumulo or Terrie . 

f . Fibri c, Mesic or H•mic are used alone or ir combin ation only 
with Terrie . Terrie Fibric , Terrie Mesic or Terrie Humi c i s 
given precedence over Cumulo . 

g. Terrie i s used alone or in combi nation only with Fibri c , Mesic 
or Humi c. It i s given precedence over Li mno or Cumulo . 

h. Cryic is used alone and is given precedence over Cumulo , 
Terrie , Fibric , Mesic, Humic, Limno . 

This proposa l would fix the pennissi bl e combi nation of subgroups 
as foll O'tJS : 

Typi c Mesisol , Humi sol or Foli sol 
Fenno-Fi bri sol 
Silvo- Fibrisol 
Sph agno- Fibri sol 
Hydric Fibri sol , Mes i sol , Humi sol 
Cumulo Fibrisol , Mes i sol , Hurni sol 
Fibric f:lesi sol , Humisol 
Mesic Fibrisol , Humi sol 
Humi c Fi bri sol, Mes i sol 
Terri c Fi bric Mesi sol , Hurni so 1 
Terri c r11es i c Fi bri sol , Hurni so 1 
Terri e Humi c Fibri sol , 1v1esisol 
Limno Fibri sol , Mes i sol , Humi sol 
Lithic Fibri sol , Mesi sol , Humisol , Folisol 
Terrie Fibri sol , Mesi so l , Hurni sol 
Cryic Fibr i sol, t·lesisol, Humisol 
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This proposal i s intended to apply to reconnaissance and detailed 
soi l surveys. For genesis studi es pedo logis ts shoul d name the 
suugroup as they see fi t . If this proposal is accepted the subgroup 
definitions and numberi ng systems should be changed, e.g. 

8. 1- / 6 Terrie Fibrisol - These soils have a terric layer beneath 
the surface tier but within the control section . Used only with 
subgroups 8. 12/6 , 8. 13/6, or alone when t he organic materi al i s 
uni form. 

Thi s proposal was adopted unanimously. 

E. Institute the requirement that in Terrie Fibric, Terrie lvles ic and 
Terrie Humic subgroups the t hickness of the subdomin ant organic 
layer i s 10 inches (25 cm) or more. 

This proposa l was adopted unanimously . 

F. Amend defin i tion of hydric layer to read as follows: 

Hydric: This consists of a f luid l ayer that extends from a 
depth of not less t han 16 i nches (40 cm) or 24 i nches 
(60 cm) to a depth of more t han 52 inches (1 30 cm) or 
64 inches (1 60 cm ). 

The current definition shoul d be amended to make it agree with 
t he requi rements stated under t he hydric subgroups . 

This proposal was adopted unanimously. 

G. Amend paragraph c) under Control Section (p. 149 SSCC ) to read 
as fol lm<1s: 

c) to any lithi c contact that occurs below a depth of 4 inches 
(1 0 cm) but shallower than either a) orb ) or, to any hydric 
contact t hat occurs below a depth of 16 inches (40 cm) but 
shall ower t han either a) orb) or, 

This correction is necessary because as presently worded it 
imp li es that 4 inches of organic materi al over a hydric layer 
is an organic soi l . 

This proposal was adopted unanimously. 

H. Consider adopti ng officially the criteria proposed in 1968 for 
t he soil family and soi l seri es levels. 

Discussion of this proposal ce ntered around the absence of 
climatic cl ass criteri a and the desirability of restricting the 
textural classes of terric layers to three . It was agreed that 
these criter ia should be further developed and tested in the 
next t hree years . 

I. Revise t he order definition to read as fol l ows: 
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8. Orqanic Order 

Thes e are soils that have uevcloped dominantly from organic 
depos its. The majority of them are saturated for most of the year, 
or are artificially drained , but some of them are not usually 
saturated for more than a fe11J days. They contain 30% or more of 
organi c matter and must meet the following specifi cations: 

a) If the surface layer cons ists dominantly (more than 75%) of 
fibric Sphagnum moss the organic materi al s must extend to a 
depth of at l east 24 inches (60 cm) . 

b) If tile surface layer consists of othe r kinds or mi xed kinds 
of organic materials the organic mate rials mus t ex t end to a 
depth of at l east 16 inches (40 cm) . 

c) If a lithic contact occurs at a depth shallowe r t han stat ed 
in a ) orb) abo ve, the organic material must extend to a 
depth of at least 4 inches (1 0 cm) . Mineral mat eri al l ess 
than 4 inches (1 0 cm) t hi ck may overlie the lithi c con tact 
but the organic materi als must be more than tv,,1ice t he t hick
ness of the mineral 1 ayer. 

d) The organic layer may have a mineral layer thi nner than 16 
in ches ( 40 cm) on the prof i I e s ur f ace . If covered l'Ji th 1 ess 
than 16 inches of mineral soi l the organic l aye r or l ayers 
taken singly or cumul ati vely must be at l east 16 in ches (40 
cm) thick . 

e ) iline ral l ayers thinner t han 16 inches (40 cm ) , beqinning 
within a depth of 16 inches from the surface, may oc cur 
\<Jithin the organic depos it . /'J. mineral l ayer, or layers taken 
cumulatively, th inner than 16 inches (40 cm) may occur v,ithin 
the upper 32 inches (80 cm) . 

Thi s revision was adopted unanimously . 

The s ubcommittee recommends that i t continue to function . 
Several members proposed that further study be conducted on the 
thicknes s of the surface tier and of t he control section . 
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REPORT ON SOLONETZIC SOILS 

T. W. Peters, Chairman 

It is proposed to reintroduce the fo 11 owing subgroups into the 
Solonetzic Order: 

l . A Dark Brown Solonetz in the Solonetz Great Group. 
2. P1 Dark Brown Solod in tile Solod Great Group. 

This has been found necessary to l1 andl e those soils of thi s Order 
which fail to meet the criteria as established for the Brovm and Black 
subgroups. They reflect a more humid climate t han the Brovm subgroups 
and yet not as humid as the Black subgroups. Al so, agronomi ca lly , they 
are superior to the Brown Solonetz or Solod. 

The introduction of these new subgroups involves re -numbering within 
the order. The proposed numbering is as follows: 

2. Solonetzic Order 
2 . 1 Solonetz 

2.2 Solod 

2.11 
2. 12 
2 . 13 
2. 14 
2. l !:> 

2. 1- / 8 
2. 1- / 9 

2 .2-1 
2.22 
2.23 
2.24 
2 .2- /8 
2.2- /9 

Brown Solonetz 
Dark Brown Solonetz 
Black Solonetz 
Gray Solonetz 
Alkaline Solonetz 
Gleyed Solonetz 
Lithic Solonetz 

Brovm So l od 
Dark Brown Solod 
Black Solod 
Gray Solod 
Gl eyed Solod 
Lithic Solod 

The fo 11 owing are the proposed desc riptions of these suogroups: 

2.1 2 Dark Brown Solonetz 

Profile type: Ah or Ahe or both, (Ae ) , an in tact Bnt , (Bts), (Btk) , 
Csa or Cs , (Cea) , (Ck). -

These soils are associated 1t1ith a grass, forb, and shrub vege tation 
and a semiarid to subhumid climate . The mixed A subhori zons have a co lor 
value darker than 3.5 moist and 4.5 dry and a chroma of more than 1. 5. 
In many cases there are several inches of an Ah \vith a color value of 
3.5 moist or dry. 

Areas of this subgroup are often characterized by a patchy mi croreli ef 
due to diffe r ential erosion of the A horizon . These eroded pi ts us ually 
have steep sides and support a sparse vegetati ve gro\'1th . Tnese pi t s are 
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not as common in the uark Brown as in the Brm<1n soi l zone and may be 
fairly well grassed over . 

2.22 Dark Brown Solod 

Profile type : Ah or Ahe or both , Ae, AB, Bnt, (Cea ), (Ck) , Csa or f~· 

These soi 1 s are associated with a grass, forb , and shrub vegetat ion 
and a semiarid to subllumid climate. The mi xed Ah and Ahe has a colo r value 
darker than 3. 5 moist and 4. 5 dry and a chroma of more than 1 . 5. The upper 
severa l inches of the Ah hori zon may have a color value darke r t han 3.5 
moist and dry . 

The Cs or Csa hori zon is us ually below t he Ck or Cea hori zon . 

In areas of these soil s there is often evidence of pre vious l y eroded 
pits . They are quite well gras sed over and us uall y quite shallow . 

The introduction of these t\•10 s ubgroups means that the co l or criteria 
of the Brown So lonetz and Brown Soled will have to be modifi ed. They should 
nov1 r ead: 11 The mixed Ah and Ahe has a co lor value of more t han 3.5 moi st 
and greater than 4.5 dry and a chroma of more than 1.5 . " 

The color criteria for the Black Solone t z and Black Soled s houl d r ead 
a~ fo llows: 11 The mixed A s ubilorizons have color val ue of less than 4.5 
(dry), us ually 3.5 or l ess (dry ), and cll romas of l ess than 2.5. 

In the meantime these soil s are being handled at the soi l seri es leve l . 
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REPORT ON LUVISOLIC SOILS 

D. B. Cann, Chairman 

Recommended Changes 

Luviso1ic Order - SSSC page 79, line 8, reads: 

11 Slight accumulations of CaC03 may occur under a B hori zon, but 
these seldom meet the requirements of a Cea horizon . " 

Suggested change: 11 Sl i ght accumulations of CaC03 may occur under the B 
horizon which meet the requirements of a Cea horizon . 11 

Reason : Such conditions are kno\'ln to occur. 

3.1 Gray 13 rovm Luvisols - SSSC page 80, line 15, reads: 

"Although the Bt hori zon is generally immediately underlain by 
calcareous material s, a transition BC horizon, free of lime, 
may be present. 11 

Suggested change: 11 Although the Bt horizon i s genera ll y immediate ly 
underlain by calcareous material s, a transition BC hori zon 
may be present. " 

Reason: Si nce these soils are developed from cal careous or basic parent 
materials, the designation BC is misleading i f it i s a lime free 
hori zon. 

3.2 Gray \1/ooded (Gray Luvisol) - SSSC page 82 

Change: illuvial (Ae ) horizons to eluvi al (Ae ) hori zons. 
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REPORT ON PODZOLIC SOILS 

D. B. Cann, Chairman 

Recorm1ended Changes 

Podzolic Order - SSSC page 97, last sentence reads: 

"If tile /\e and podzolic B horizons are incorporated in the Ap, 
the Ap must have (a) more than 3% organic matter (1 .7% C), 
(b) (Fe + f1l) greater than 0.8%, and hues redder than lOYR 
and moist color values less than 3.0, or chromas of 3.0 or 
more in hues of l OYR or redder . 11 

Suggested change: Delete . 

Reason: No 1 anger a requirement for a spodi c 11ori zon . 

4.21 Orthic Ferro-Humic Podzol - SSSC page 103, first paragraph reads: 

"--- in the upper part, - - - and contain more than 10% organic 
rna tLer--- . 11 

Suggested change: "These soils have dark colored (moist values and 
chromas 3.0 or less) Bhf hori zons 4 inches (10 cm) or more 
thick that contain more than 10% organic matter, and in which 
6 ( Fe + A 1) is greater than 0. 8% and the ratio of organic 
matter to oxalate-extractable Fe is less tllan 20 . Usually 
the Bhf is the uppermost B horizon, but in some soils the 
Bhf may be overlain by Bfh or Bf hori zons . " 

Reason: As presently ~'lri tten the Bhf must be the uppermost B horizon 
and the whole B horizon must have more than 10% organic matte r . 

4.32 Min i Humo -Ferric Podzol - SSSC page 109, last sentence : 

Suggested change: De lete . 

Reason: No longer a requirement for a spodic hori zon. It i s al so 
automatically excluded by the definition of the Great Group. 

4,37/5 Bisegua Humo- Ferric Podzol - SSSC page 11 0 

Suggested change: De 1 ete second paragraph. 

Reason: Error in printing . Does not belong here. 
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In the diagrams of the Humo-Ferric Podzol great group, and Ortl1 i c and Mini 
subgroups, SSSC pages 94 and 95, the BC llori zon sr1oul d be pi nclled off . 
Otllenvise it indicates that a 13 C horizon i s a ll-1ays present. 

It seems evident that some major changes 11i 11 be rcq ui r ed i n the Podzo l i c 
Order . Members of this subcomrni ttee wi 11 Lie asked t o express thci r 
vie\vS on this matter in an attempt to reach a sati sfactory class i ficat ion 
scheme for these soils before the next national meeting . 

It is recommended that the subcommittees on the Podzolic and Luvisolic 
Orders continue to seek improvement in t he definitions of these orders. 
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REPORT ON BRUNISOLIC SOILS RAPPORT SUR LES BRUNISOLS 
P. J. Lajoie, Chairman 

Although it is not t he intenti on of the 
Canada Soil Survey Comni ttee ·;o make 
any major changes in the classification 
of mineral soils at t his timi, the 
follov,ing suggesti ons of soni : members 
are presented to be placed on record 
for future consideration. 

l) It i s suggested that the adjectives 
used to qualify the subgroups be conno
tative as much as possible , for example 
that Podzolic Eutric Brunisol be used 
instead of Degraded Eutric Brunisol to 
indicate the podzolic development in a 
Brunisol. Such sugges t ion applies not 
only to Brunisols but also to other 
groups. 

2) In order to arrive at a more precise 
definition of the Brun isols, i t is sug
gested t hat, in about J or 4 years, the 
Committee consi der t he modification of 
t he defi nitions along ·,:he following lines : 
Melanie and Eutric : having a pH (O . OlM 
CaCl2) of 5.5 or more j n some parts of 
the control section . 
Sombric and Dystric : h,1.vi ng a pH (O . OlM 
CaCl 2) l ess than 5.5 i n all parts of 
the control section. 

Data al ready avail abl e would support 
such a possi bl e del imitation, but many 
more analyses are needed before they 
could be used as valid suppor t for such 
definitions . 

3) It is suggested that provis ion be 
made to include in the Brunisol ic Order 
all soils that meet the requirements of 
the Brunisolic Order and occur in 
alpine environment and that the Sombric 
Great Group be redefined to correspond 
to the Sombric Subgroup defini ti on of 
the Podzolic Order . 

l~ote : Ti,.10 words are mis sing on page 
123 of "System of Soil Class ification 
for Canada 11

: in line 6 of paragraph 2 
the text should read (M.A .A.T . less than 
42F [5.5C]) . 

M!me s 1 il est enten du que la 
Convni ssion de Pedologie du Canada 
ne desire fai re presentement aucun 
chan gement majeur dans l a 
cl assification des sol s mi neraux, 
l es suggesti ons de quelques memb res 
sont presentees pour qu 1 el l es soient 
retenues et examinees plus tard. 

l ) On a sugger~ que les adj ectifs 
util ises dans les sous-groupes soient 
conno tatifs autant que faire se peut, 
par example, dire Bruni sol eutrique 
podzoligue au lieu de Brunisol 
eutri que d~grade pour i ndiquer que des 
crit~res aberrants rapprochent ce sol 
des podzo ls. La suggestion s ' appli que 
egalement a d' autres groupes . 

2) Pour en arriver a une defi nition 
plus precise des brunisol s, il est 
sugg~re que, dans 3 ou 4 ans, la 
Commis si on etudie l a oossibilite dP 
modifier les definitions corrme suit: 
Melaniq ue et Eutrique: ayant un pH 
(O . OlM CaC1 2) de plus de 5.5 dans une 
partie de l a section reglementaire . 
Sombrique et Dystrique: ayant un pH 
(O . OlM CaCl2) de mains que 5.5 dans 
toutes les parties de la section 
reg, emen tai re . 

Des donnees deja disponibles suggerent 
qu 1 une telle delimitation est poss ib le, 
mais il en faudra it encore beaucoup 
d1 autres pour donner un appui convenab le a de tel les definitions. 

3) 11 est suggere que provision soit 
fai t e pour accommoder dans 1 1 ordre 
bruni solique taus l es sols de milieu 
alpin qui rencontrent les exigences 
de l 1 ordre brunisol ique et que le 
grand groupe des sombri ques soit 
redefini pour correspond re a la 
defin ition du sous -groupe sombrique 
de l 1 ordre podzolique. 

' A noter: A la page 123 du 11 System of 
Soil Classification for Canada 11 il 
manque deux mots: a la ligne 6 du 
2~me paragraphe il faut lire (M .A. A. T. 
l ess than 42F [S.SC] ). 
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REPORT ON GLEYSOLIC SOILS 

J. A. McKeague, Chairman 

Most of the survey units sent comments or suggestions regarding the 
Gleysoli c Order. The majority seemed to favor l eaving it unchanged but 
the follov,ing changes were suggested: 

1. John Nowland suggested the addition of a Pseudogleysol Great Group 
for soils having strongly leached Ae horizons overlying dense, mottled 
B horizons that do not meet the limits for Bf or Bt . Distinct or 
prominent mottling does not extend more than 30 cm into the B hori zon 
and the C horizon is not gleyed. Some of these soils in Nova Scotia 
are classified at present as Gleyed Degraded Dystric Brunisols and 
others as Orthic Gleysols. John is studying water table fluctuations , 
moi sture contents, etc . of some of these soils. 

I sent a copy of the proposed definition of the suggested Pseudo
gleysol Great Group to each survey unit . Several of those who replied 
thought that the suggestion had merit although most v,ondered how they 
would separate these soils from some Gleyed Subgroups of other orders . 
Others considered the proposed change to be unnecessary . Auguste Mai 11 oux 
suggested the establi shment of "paragl eyic" subgroups to classify the 
soil s in question. 

2. Roger Bari 1 presented a case for a new subgroup , 11 Humi c r·laxi Ferra 
Eluvi ated Gleysol'' for Gleysolic soils in which the solum is impoveri shed 
in free and tota l Fe. He suggested a new horizon Bge as diagnostic of 
this subgroup . It would be useful to know i f others have studied 
Gleysolic soils in which extractabl e and total Fe increase with depth . 

This proposal> if accepted, \'/ould involve a change in the definition 
of the Eluviated Gleysol Great Group as the new subgroup does not have a 
Bt horizon . 

3. Ian Sneddon suggested that prov1s1on be made in the Gleysolic Orde r , 
and others, to include the Gleysolic soils that occur in alpine environ
ments (above timberline). This would involve the addition of various 
Alpine Subgroups . 

4. Jack Clayton suggested changing the name 11 Eluviated Gleysol 11 to 
11 Luvic Gleysol 11

• This change would: 

(a) Result in shorter names for the great group and its subgroups; 
(b) Perhaps avoid the confusion due to the term 11 Eluviated" in 

the name of the Great Group. Eluviated Gleysol s have Aeg and 
Btg horizons. Eluviation refers to clay. Gleysolic soil s 
eluviated of Fe are not Eluviated Gleysols and thi s has 
caused some confusion. Perhaps Low Humic Eluvi ated Gl eysol 
could be changed to Ochric Luvic Gleysol. 
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I would recommend that these proposals be considered for a year or 
tvw and t hat they be decided upon at the next C.S.S.C. meeting. In the 
meantime, proposals l , 2 and 3 should be s upported by documented informa
tion and t hi s should be sent to al l survey units . The info rmation 
req uired to support a proposal for a change i n the cl ass i ficat ion should, 
in my opinion , include : 

(1) A statement of the probl ems in class ification t hat co ul d be 
resolved best by a change in the cl assif i cation system. 

(2) Detailed descript i ons of the soil s concerned and some 
information on the extent of occurrence of t he 11 ne1v" soil . 

(3) Analytical data for 2 or 3 of the soils concerned. 
( 4) A det ailed statement showing hm·1 the proposed change wou ld 

affect the defini ti ons of other soil cl asses, and suggested 
nevi definitions or criteria for the classes affected . 

(5) A statement on methods of disti ngushing t he proposed new 
class from simi l ar soil s of other classes. Criteria to use, 
both in the field and in t he l ab, should be indicated. 

I would suggest that proposed changes in the Gleysolic Order and 
in other orders should be handl ed in the way indicated. The forma 1 
proposal should be sent to t he chairman of the order concerned at least 
2 months before the next C. S. S.C. meeting . The chairman should send 
cop ies of these proposal s to the head of each survey un it and to the 
correl ators at leas t a mon th uei"o e tl1e m~e Ling. 

Several comments were made regarding the report on the Gleysoli c 
Order. 

(1) Several remarked t hat the cri teria for disti ngui shing 
Gleysolic soi ls from Gleyed Subgroups of other orders are 
not specific . Criteria that seem adeq uate i n some areas 
are no t of much use in others . Work on this probl em i s 
needed in all reg ions and some useful data have been 
obtai ned recently by Michalyna, Nowl and, Crown and Hoffman 
and probably others. 

I would suggest that peopl e concerned wi th this probl em 
set up criteri a for di stinguishing Gleysolic soi ls from 
gleyed subgroups in their areas and that these suggested 
criteria be sent to t he Gl eysoli c Order chairman. It 
should be possibl e in th i s way t o develop generally 
appli cabl e criteria. 

(2) Cl i ff Acton 1voul d prefer to have strai gilt lines separating 
the ho rizons in the di agrams of Gleysol ic and other so ils . 
I agree as the present diagrams seem to imply that we know 
what are the average t hi ckness of hori zons of t he so il s . He 
al so questioned i ncluding hori zons that are no t diagnos ti c 
of the subgroup i n t he di agrams, e . g., Aeg in Hurni c Gleysol . 
These points slloul d be cons idered and a definite recomrnenda
ti on will be made at t he next meeting. 
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(3) t3 ruce Cann suggested tllat the last sentence in tlle definit i on 
of the Gleysolic Order should be changed by deleting "a 
horizon or horizons at least 4 in ches (1 0 cm) thick with" . 
I would like to have other opinions on this. 

( 4) lJa1·1s Lindsay observed that the di fferenti ati on of Gl eyso l s 
and Rego Gleysols is not consistent because people have 
varying concepts of a Bg hori zon. Suggestions are needed 
on how to sharpen the definition of Bg . As in '1' above, 
it 1'/ould be useful if peopl e in di fferent regions \'10uld 
outline their concepts of a Bg horizon and set up cri teri a 
that would be adequate in their area. 

(5) Gl eysolic soils having Ah, Btg, Cg profi l es are not described 
in the classification system. Are they Humi c Gl eyso l s or 
Humic Eluviated Gleysols? 

(6) lJon Acton noted that "Carbonated" Gl eyso l i c Subgro ups may 
have primary or secondary carbonates i n the Ah hori zon , 
whereas "Carbonated" Chernozemi c soi l s have secondary 
car bonates in the A or B hori zons. The l ack of consistency 
in the use of "Carbonated" is undes i rab l e. 

(7) Bill Odynsky considers that field trips are necessary to 
aid in resolving some of the problems in classifying 
Gl eysol i c soils. 

In summary, I recommend that the Gleyso lic Order be l eft un changed 
at present and that the proposals for change indicated in this r eport 
as well as any others be considered as indi cated before t he next C.S.S.C. 
meeting and decided upon at this time. I t hink that i s important 
that the r e be continuous exchange of ideas about classification probl ems 
between the order chairmen and other peopl e us ing the system. Thus , do 
no t wait until C. S.S . C. meetings to se nd s uggestions or comments 0 11 
probl ems in classifying Gl eysolic soils. I also recommend the appoint
ment of a n ei,,1 chairman for the Gleysolic Orde r as it ' s t ime for some 
different concepts . 

Di scuss ion 

St. /\rnaud supported the general procedure outlined for i nitiating 
a change in the soil cl ass i fi cation system. He recommended that the 
proposal for a change be submitted at one C.S.S . C. meeting and vo ted on 
at the fol lm,/ing meeting. None dissented and thus this procedure ~,as 
agreed upon. 
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REPORT ON SOILS ABOVE TIMBERLINE 

J . I . Sneddon 

a) All soils occurring above the timberline should be classified 
in to the appropriate subgroups of the order whose criteria they meet 
in the Canada System of Soil Classi fication and not be exc luded because 
of geographic location . 

b) In addition, where soi l s above t he timberline meet the require
ments of classes where they rest unconformab ly because of the encom
pass ing nature of the cl ass definition ; more precise defi nitions of 
such classes will have to be made to exclude these soil s and new classes 
should be defined to accommodate them. 
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l{EPORT ON SANDY PODZOLI ZE D SOILS IN S/\SK/\TCHE\v/\N 

H. B. Stonehouse 

In the northern provincial forest region of Saskatchewan there are 
extensive areas of sandy soils. From the beginning of soil classifica
tion in Saskatchewan these soils have been considered to belonq to the 
11 podzol group 11 of world soils (2) . Podzolic soi ls (1 , 3) are character
istically formed in moist, cool climates under forest or heath vegetation . 
This climate and biological conditions result in a soil characterized by 
an organic surface layer, underlain by a light-colored eluvi al horizon 
which has lost relatively more sesquioxides than silica . Thi s eluvi al 
hori zon is in turn underlain by a darker colored illuvial horizon in 
\A/hi ch the major products of accumulation are sesqui oxides and organic 
matter . More specifically , in 1965 the Canada Soil Survey Corm, i ttee 
( then the National Soil Survey Cammi ttee) adopted c11emi ca 1 criteria 
for an f horizon, ( Bf or Bh hori zon are di agnost i c for Podzo l i c soi l s) 
such that for any hori zon to be termed an f hori zon it must "contain a 
minimum of 0.8~~ more oxalate extractable iron plus aluminum than t he 
C horizon". 

Recent analysis of soil samples collected during so il surveys of 
the forested areas have shown that these soils do not have Bf horizons 
as described above. Thus, according to the present criteria, they cannot 
be classifi ed as Podzolic soils but must be cl assified as Bruni so lic soils. 

The \vorld concept of Brunisolic soil s i s tilat these are soils v1hicil 
are cl1aracteri zed by a brownish colored B hori zon v,hi ch has no accumul a
ti on of clay and only slight accumulation of sesq uioxides. These soils 
have very little or no Ae (4) . Since many of the sandy forested so il s 
in Saskatchewan do not fit thi s concept of Brunisolic soil s a project 
was initiated whereby soil samples were collected over a wide area in 
northern Saskatchewan representing soils developed on sandy parent 
materials under forest vegetat ion and exhibiting a varying range of 
morphol ogi ca l cha racteristics. It is some of the results of this study 
which are being presented here . 

It should be made clear at the outset that no attempt is being 
made at this time to suggest new criteria for cl assifying Podzolic soils 
developed on sandy parent materials . Our immediate purpose is to establish 
whether the difficulty in classifying these soils i s unique to Saskatchel'Jan 
and if not , to establish whether those involved wi th classifying these 
soils in other areas are satisfied with existing cl assifi cation criteria . 

For purposes of soil sampling and reporting of the data tile soil s 
were classified according to morphological characteri sti cs observabl e in 
the field and were designated as Podzols , Brunisol s or Interqrades 
betv,een Podzols and Brunisols. General characteristics for each of these 
were: 

1. Podzols - Strong development of an Ae underlain by a strong ly 
developed high chroma B. 
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2. Brunisols - Very weak development of P..e underl ain by very 1·!eak 
Bm or no di scerni bl e B horizon. 

3. Intergrades - Weak development of Ae underlain by a weakly 
discernibl e low chroma B or moderate devel opment of Ae under
lain by weakly developed low chroma B. 

Thirty- t hree profiles were sampled. Nine were cl assified as Bruni sol s ~ 
four as Interqrades and twenty as Podzol s. Of the twenty profil es cl as 
s ifi ed as Podzols twelve were sampl ed in such .a manner that analys is was 
carried out on the entire hori zon. The other ei ght profiles were samp led 
in such a manner t hat analysi s was carri ed out on only that portion of 
the hori zon whi ch exhibited maximum express ion of that horizon. Thes e 
,,.,ere compared to see i f sampling technique had any effect on ul t imat e 
classification by chemical criteria. The resul ts of oxal ate extraction 
of Fe (Fe 0 ) and /\1 (Al 0 ) as ~'/ell as total iron (Fed analysis are sum
mar i zed in Table 1. 

Table 1. Summary of oxalate extractabl e Fe and Al , and total 
Fe in parent materials for sandy Podzoli zed so il s in Saska t chev,an 

Soil 

Bruni sols 

Intergrades 

Podzols 

No . of 
Profil es 

9 

4 

12 

8 

% Fe0 in B 

. 01 to . 19 

. 09 to .26 
one at 

.45 

. 11 to . 47 

( . 21 to . 45 
one at 

. 95 )** 

% Al 0 in B 

. 06 to . 20 

. 07 to . 21 

.08 to . 36 
one at 

.85* 

( . 15 to . 48) 

L'l (Fe + Al )0 

. 21 to . 98 . 03 to . 19 

. 47 to .97 - 0. 17 to .24 
one at 

1. 35 

• 11 to . 93 
one at 
1. 36 

one at 
.42 

. 13 t o .69 
one at 
1. 18 

( .97 to 2. 03 ) ( .23 to .62 
one at 

.30 ) 

*P l 5.2 - Fe0 = . 47%, Al 0 = .85%, L'l (Fe + Al )0 = 1. 18% 

**5224 - Fe0 = . 95%, A10 = .31%, L'l (Fe + A1) 0 = 0.80% 
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The results for the soils classified as Podzols are divided into 
two groups. Firstly, those in which analysis was carried out on the 
entire hori zon (shovm \'lithout brackets), and secondly, those in i,1hich 
analysis v,as carried out on only a portion of the horizon (shovm in 
brackets). 

The results show that oxalate extractable iron, in the Grunisols 
and Intergrades, is very low, generally below 0.26?fo. The same is true 
for oxalate extractable aluminum, i,.1hich ranges from 0.06 to 0.21%. Total 
iron values in the parent material for t he two groups of soils i s in an 
but one case less than 1.00%. Differences in the total of oxalate extract
able iron and aluminum between the Band C hori zons 6(Fe + A1) 0 are very 
low . 

Results for the Podzolic soils are somev1hat hi gher than for the other 
two groups but still do not give 6(Fe + Al )0 values high enough to meet 
the criteria for Podzolic soils, v1ith the exception of two soil s . One pf 
these soils was high in Fe0 , the other high in Al 0 . The specific results 
for these two soils are given at the bottom of Table l. Sampling of only 
that part of the horizon which showed maximum expressi on gave slightly 
higher results for individual hori zons but did not increase 6 (Fe + Al )0 
values. 

The results indicate that, 1t1ith the exception of a very fe1'1 soi l s, 
the iron and aluminum content of these soils are too low to meet the 
present criteria for f horizons. The probabl e reason for this i s that 
the parent materials are sufficiently low in iron- bearing minerals t hat a 
difference of 0.8% between the Band C horizons is not possi bl e \.-Jithout 
weathering occurring throughout a much greater depth of soil than that 
presently taking place. 

If it is desirable to keep sandy podzolized soils which have the 
morphological characteristics of Podzols in the Podzol Order, and we in 
Saskatchewan think it is, it would seem that for these soils a ratio of 
iron or aluminum or both between certain hori zons might be more suitabl e , 
rather than an absolute difference. This would be similar to criteri a for 
a Bt hori zon. Thus some ratios, shown in Table 2, \vere calculated, and 
certainly many others could be. 
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Tabl e 2. Summary of graphical representations of some 
ratios of Fe and Al in t he A to that in the B horizons 

Fet Chroma Val ue Al O Extr 1 y Fe 0 {\. FeR 
8/ A B A/B B/P, Fe0 /Fet f3/ A FeO/ Fed 

Podzol s 
21. l x x x x x x x 
17. 1 x x x x v x 0 I\ 

Pl 3. 1 x x x x x x x 
Pl 2. 1 x x x x x x x 
Pl l . l x x x x x x x 
Pl0 .2 0 0 () x 0 () () 

P8. l x x x x x x () 

P7 . 1 x x 0 x x x ): 

P3. l 0 0 x 0 x x x 
P4.2 0 x 0 0 0 x 0 

Pl5.2 x x x x x x x 
Intergrades 

Pl 4. l 0 0 0 0 x 0 x 
P9. l x x x x x x x 
P6. 1 0 0 0 x 0 () 0 
P2.1 x 0 x x n 0 x 

Bruni so l s 

Pl 7.2 0 x 0 0 0 n x 
Pl 7. 1 0 0 0 0 0 0 0 

Pl3 .2 0 0 0 x x x x 
Pl 0. l 0 0 0 0 (J 0 0 

P5 . l x x 0 x 0 c 0 

P4 . l 0 0 0 0 0 () x 
Pl. l 0 0 0 0 0 (I 0 

Pl 6. 1 x " 0 x 0 0 0 u 

Pl8. l 0 0 0 0 0 () I) 

x Podzol 2.5 or > 4 or > 1 or > 4 or > 28 or > 3 or > 5 or .,. 
0 Bruni sol < 2.5 < 4 < 1 < 4 < 28 < ] < s 
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The values for the ratios calculated were then plotted graphically usina 
the value of t he unit calculated on the vertical axi s and a spacing of 
values on the hori zontal axis. After all points had been olotted a grouoing 
quite often became apparent. The hiqher values were usually the so il s 
cl assified as Podzols \vhile the l01ver values were usually t he soil s cl as 
sifi ed as 13runisols. A line was then drawn separating the t1"0 groups and 
for our purposes the soi l s which had values above the line were ca ll ed 
Podzol s and marked with an X, the soil s whi ch had values bel m·, the line 
were call ed Brunisols and marked with an 0. The results of these graphical 
representations are shown in Tabl e 2 with the value used to separate 
Bruni sol s from Podzols shown at the bottom. The soi ls as they were 
class i fied morphologically in t he fie ld are shown on the l eft hand side 
and their pos ition on the graph for each ratio cal cul ated shown in the 
appropriate column to the left. 

It can readily be seen that no one ratio calculated gave a separation 
of soils as they were cl ass ifi ed morphologically, IJov,ever, some ratios 
were better than others . They did, however, show that generally so il s 
classified morphologi cally as Podzols fell in the Podzol range as calcu
lated and t hat soi ls cl assified morphologically as Brunisol s and Intergrades 
fe ll in the Bruni so l range as calculated, with certain exceptions. These 
were soil profil e Pl0.2 which was cl assified morphologically as a Podzol 
and almost al\vays fell in the range of Bruni so ls. and so il profile P9 . 1 
1r1hich v,as cl assified morphologically as an Intergrade but ~vhich ahrnys 
fel l in the range of the Podzols . 

As previously mentioned some ratios gave a separation of soils 1vhich 
more closely resembled the separations made morphologically. The most 
notable one was the ratio of oxalate extractable Fe in the B to that of 
the Ac . The separation used was that i f t he Fe0 i n the B exceeded that 
in the Ae by a factor of 3, it shoul d be cl ass i fi ed as a Podzo 1. The 
exceptions to this were the two soi l s previously mentioned and so il 
profil e Pl 3.2 whi ch was cl assified morphologically as a Bruni sol, yet 
fe ll in the range of the Podzols. 

The results are not conclusive and more work must be done . However, 
the consens us of opinion , after the above presentation and the vi ewing 
of a number of s lides of these soi ls , and eastern soil s which meet the 
criteria for Podzolic soil s, was that it would be desirable to keep the 
soils 1r1hi ch have a 11 the morpho 1 ogi ca 1 characteristics of Podzo l s in the 
Podzolic Order. One suggestion as to how this may be accomplished was 
to apply tile U. S. formula for a Spodic hori zon in sandy soils. That is , . 
to have a Spodi c horizon a soil must have one or more horizons 1•1hi ell meet 
all of the follow ing criteria: 

a) % pyrophos~hate Ext Fe + Al 
• clay 

= > 0.2 

\•/here % rrophosphate Ext Fe + ,L\l 
dithionite Ext Fe+ Al 

= > 0. 5 

b) loses 25% or more of its C.E .C. (at pH 8. 2) upon shaking 
overnight in dithionite - citrate solution 
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c ) i s thi ck and developed enough that the i ndex of accumulation 
of amorphous material, [ (C.E.C. (pH 8.2) - 1/2% clay) x thickness 
in cm] , in t he hori zons tha t met the precedi ng r eq uirements i s 
> 90 

From the di sc uss ion that fo llmved it 111as apparent that Bri t i sh 
Co lumbia , Alberta and probably Mani toba al so have soi l s simi l ar to those 
found in Saskatchewan. It i s hoped that the meetin g wil l have pointed o~t 
a need for more research on t hese soil s, and that ot her provi nces will be 
encouraged to conduct resear ch on these types of soils wi th the res ults 
that defi ni te decis ions can be made at a future meetin g. 
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l:lIOPHYSICAL LANO CLASSIFICATION SYSTl::l'I NW SUl{VEY 

S. C. Zoltai 
Canadian Forestry Service, ~~innipeg 

The National Committee on Forest Land established a subcommittee 
in 1966 on Wildland Classification to (1) review the existing land 
classification systems, and (2) to present recommendations to the parent 
body regarding a national approach to a physical l and cl ass ifi cation 
system suitable for the evaluation of the capabi lity of the land for 
various renewable natural resources . The \'lork of this subcommittee 
under the chairmanship of D. S. Lacate eventually resulted in t he Bio
physical Land Classification system. In the fo llowing t he philosophy 
and practice of this system will be outlined. Being the product of a 
committee, much of the thinking behind the system has not bee11 expressed 
on paper, al though the 1 i nes of thought are cl early evident. In such 
cases the following account is colored by my own understanding of this 
land classification system. 

It is important to differentiate between the Bi ophysi ca 1 Land 
Classification system with its theoretical and philosophical background, 
and tile Biophysical Land Survey whi ch is the app lication of this cl assi 
fication system. While t he basic concepts of the land classification 
sys t em are uni form throughout the nation , the appl ication of the sys tem 
is fle xible to allow adjustment to local circumstances. 

The Biophysical Land Classification system has been i nfluenced to 
a greater or lesser degree by various ideo logi es. The Austra li an system, 
the Ontario system of Hill s can both claim parental rights, but the 
influence of many other workers is forcefully evident. The task of the 
subcommittee was to extract the best features of other systems, modi fy 
them as needed and fashion them into a coherent who l e. 

The phi losophy of the classificati on system rests on the recognition 
of primary phys i cal characteristics of the l and as the most important 
feature of the environment. In the natural envi ronment all factors are 
interrelated and tend to influence each other to various degrees. One 
may e11umerate the main environmental factors as: landform (material as 
well as form) , climate , organisms , soil, groundwater and t ime (Fi g. l). 
Among these main factors landform , climate and time influence others to 
a far greater degree than t hey influence each other or are infl uenced by 
other features. Thus landform , climate and time may be cons i dered as 
the most important factors influencing and cont rolling the living envi ron 
ment. 

Time is the duration of the period between the present and the 
formation of the land surfaces. Fortunately, in Canada this i s relatively 
uniform for most lands : the disappearance of gl acier ice 15-10 ,000 years 
ago signals the beginning of this time period . There are minor exceptions 
(alluvial plains, emerging shorelines, dunes, l ands lides, etc.); the major 
exceptions are organic terrains which are still being formed. 
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Climate must be evaluated in t erms of its significance to the li vin g 
and non - living environment . Uata, if availabl e , must be inte rpreted i n 
terms of effect on t he envi ro rnnent. In t he absence of s uch data the 
effects of the cli mate may be exami ned and evaluat ed . Climatic zones or 
regions can be r ecogni zed on t ile basis of their effect on the living 
organ i sms and on the processes of the non- l iving environment. 

Thi s l eaves the l andfonn as the remai nin g main environmenta l factor . 
By l andform i s meant not only the surface shape, but also the materi al s 
which give s ubstance to t hat s hape. Each landform can be characteri zed 
by description of t he composition of its parent materi a l (1vith various 
s trata if any), the texture an d thi ckness of t hi s materi a 1 , its niode of 
deposition , and its topography . Specific l andfo rms oc curring with in a 
cl i mati c zone will have s pecific influence on the vegetation , fauna, soi l 
and groundwater. This i nfl uence can be uetected , described, and in some 
cases, meas ure d . 

The 1 and forms can be fu rther divi ded into segments which appear to 
exert si mil ar inf luence on organisms, soi l and groundwater occurri ng on 
t hese segments. Ecologic criteria are general l y used to recogni ze t hese 
segments. Thus a certai n po rtion of a l and form may be recogni zed as an 
ecologically s ignifi cant section of tha t l andform. These s ubdivision s 
of t he land forms are i den ti fi ed not me rely because they are the re, but 
because t hey offer s ignifi cantly different environments. 

Duri ng the work of the subcommittee it was repeatedly s tressed 
t hat t he propos ed l and classification sys t em is in no way duplicating 
t il e soil survey, no r i s it a rival system. It v1 as fe lt that , because 
the l andfo rm (1-Jithin defined cli matic zones) is basic to the environment, 
a c l assification system based on landform can accommodate many different 
factors as soils , vege t ation, groundwater . Because of this broad base, 
t his class i f i cation system should be more useful to resource dis ciplines 
t han a sys tern based on a more restricted base. Soil and vegetation 
information can be used to fo rm an integra l part of the Biophysical 
c l ass i fication, but not t o form its basis. 

Tne s ubco mmi ttee then considered the appli cation of this class i fica
t ion system to t he i nventory of l and. It \vas felt that a hi e rarchical 
system i s needed whi ch woul d al10111 to choose the ·1 evcl of detail required 
by the purpose of the part icular survey . It was recognized that broad 
s urveys result in small scale maps, sh o11ing t he land at a high l evel of 
abs tractio n. Such maps may be useful to pro vi de genera li ze d information 
s uitab l e fo r regi on al planni ng . More detai l ed surveys wo uld res ult in 
l arge scal e maps t hat s how t he terrain in l ess abstracted f orm. It was 
reali zed from the outset that t he information will serve as a background 
store of kno\'1l edge and will not repl ace the need fo r firs tlland i nvestiga
tion by r esource managers. 

The fo llowing units of c l assification were establis hed (Lacate, 
1969 ), 1 i s ted from t he broadest to the more specific: 

Land l{egi on - defined as an area of l and characteri zed by a dis -
ti nct i ve re gi onal climate as expressed by vegetation. lJire ct an d indirect 
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indicators of climate are used to characterize the reqions: climatic 
data , vegetation, pennafrost, etc. can be utili zed. , 

Land uistrict - defined as area of land characterized by a distincti ve 
pattern of relief, geology, geomorphology, and associated regional 
vegetation. 

Land Sys tern - defined as an area of land throughout •i'lhi ell there is 
a r ecurring pattern of land forms, soils and vegetation . The land sys terns 
are defined by the l andfonn pattern and further characterized by soi 1 s 
and vegetation patterns . 

Land Type - defined as an area of 1 and on a particular parent 
materi a 1 , having a fairly homogeneous combination of soil s and a chrono
sequence of vegetation. Thus the Land Type is truly a basic ecological 
unit . 

The s ubcommittee chose to test this classification system at a 
reconnaissance level. Tile aim was to differenti ate and cl ass i fy 
ecologically s ignificant segments of the land surface, rapidly and at 
a small scale, mainly to serve as the ecological basis for land use 
planning . 

The mapping unit se 1 ected for the pilot projects was the land 
system v,hicll 1,muld permit the delineation of areas at a relatively 
small scale (l :125,000) . The main working group of investigators would 
in each case form a team consi s ting of a land eco logi st, geomorphologist, 
pedologi st and plant ecologist. Workers of other disciplines, as wild
life biologists, hydrologists, me teorologi sts, etc. 1-,ere to be drawn 
into the team if available, either during the initial investigation or 
during a later , evaluation phase . 

Four pilot projects were established: one each in British Columbia 
(380 sq. mi.) , Newfoundland (about 500 sq. mi . ), Quebec (800 sq . mi .) 
and Manitoba (5,500 sq. mi.) . The r es ulting reports (Kowall , 1967 ; 
Bajzak, 1969; Jurdant et al, 1969; Zoltai et al, 1969) shov1 considerable 
variation of approach within the framework of tile Biophysical system. 
This variation is due to the character of the terrain, the availability 
of expert participation, and the background and experience of the 
individual \vorkers . In spite of these variations all pilot projects 
showed a successful application of the proposed system. Several trends 
in tl1e methodology became universally apparent: 

1 . There was a great need for cooperation by outside experts. 
Forest land ecologists worked hand in hand with pedo logi sts, geomorphol 
ogists , foresters, wildlife biologists and recreationalists. 

2. Because of the large areas involved , extensive use was made of 
aerial photographs . The mapping units (l andfonns and their patterns) 
are readily recognizable on aerial photographs , and eco logicall y 
significant combinations of landforms could be made by a trained land 
ecologist after suitable field checking. Significantly , in no case was 
photointeroretation entrusted to a person viitllout professional training 
in the land sciences. 
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3. The proposed sys tem proved i tself workable under wi de ly di f ferent 
pllys iographi c and climati c condi t ions. The fl exi bili ty of loca l applica
tion permitted modi f i cations t hat made t he sys tern more meaningful under 
the given circumstances , whil e retaini ng the basic mapping un its. Compl et e 
uniformity across t he nation may not yie ld sa ti sfactory res ults i n all 
cases. 

A case history: the Manitoba pilot project 

In Manitoba a compl et e NTS map shee t (63 K) was sel ected as the 
pilot pro j ect area. I t i s re l atively inaccessible, havi ng only about 
120 mil es of roads and t r ail s of any kind. It s traddles t he contact 
between the Canad ian Shi el d and t he rlanitoba Lowl ands, providing good 
phys iographi c con trast. The ini t ial resource team was composed of t hree 
persons, none of whom has been within 200 miles of the area prior t o t he 
fi el d work for the pilot project . They consi sted of a l and ecologi st
geomorpho l ogi st, a pedologi st and a pl ant ecologist. 

Uuring the initi al fi eld i nves tigation t he land sys t ems were es tab
li shed. This was done by gaining an unders tandi ng of the processes that 
infl uenced the shaping of the l and: gl aci ati on i n three di ffe rent s tages , 
affecting diffe rent parts of the area and produci ng ti 11 s of widely di f 
feri ng qual ity. In undation by Lake Agassiz derios i ti n9 l acus t ri ne materi al 
in certain pos itions on t he l andscape. By gaining an understanding of the 
glacial events, the broad Jistr1L> ut1 on pattern of soil materials became 
evident . Thi s di stribution pattern was then refined and the anti cipated 
soi l material di st ribution could be defined. Tlt is v.1as checked i n inacces
sibl e areas and a land system map was prepared showi ng t he repeat i ng pattern 
of ecologi cally s ignifi cant l and types. 

It became evident t hat certai n modi f icat ions of t he proposed Bio
phys ical guidelines were necessary. The gui deli nes recommended that 
geneti c l andforms s ho uld be reco gni zed. On the Shield , lt mvever, about 
95% of the area i s i rregul ar bedrock pl ain covered by disconti nuous sandy 
till ; hence a more meaningful expression of l andform had to be fo und. 
Fi nally t he l andform was expressed as t :1e soil material and ranges in 
re l ative elevation , s lope percent and number of sl opes per mil e. 

Other modi fi cati ans i,,1ere necessary because of the presence of a 
l arge number of l akes. It was real ized t hat water bodies cann ot be 
i gnored when making a resource survey. An attempt was made to in tegrate 
the l and and water por tions of t he l ands cape into broad uni ts. Thi s was 
done on tile basi s of the dis t r i bution pattern of land and water within 
a v,aterslted or a portion of a waters hed. These 'Landscape Un i t s I v,ere 
described in terms of broad phys iographi c feat ures, lake di str i buti on and 
morpho logical feat ures. 

During this phase of fi eld inves ti gat ion contact was mai nt ained with 
the various members of t he resource t eam t o ensure t hat t he Land Systems, 
with thei r Land Types , were ecol ogi cally s i gni ficant separati ons. Thi s 
cooperation made certain that all memi.Jers had t he same concept of t he 
buil ding b 1 ocks, t he Land Types, and that the i r work i,,1as re 1 ated to t hi s 
f ramevm rk . 
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During the field work it became evident that the mapsheet did not lie 
in tile same eco-climatic Land Region. Similar materials and moisture 
con di ti ons sup ported different vegetation sequence in the ,..,es tern part of 
the area than in the east. Later, when permafrost was found in some 
organic deposits, it was found that permafrost is far more widespread in 
the east than in the west. On the basis of these observations, s upported 
L,y the scant meteorological data, the mapsheet was divided into different 
Land Regions. 

Tl1e report was prepared on the basis of the field work and photo 
interpretation based on reference points established in the field . Each 
Land Sys tern v~as mapped and described in terms of the component Land Types 
of the particular Land Sys tern. The soil and vegetation associated with 
each Land Type was included in the description. On the final map the 
Land Systems were grouped into Landscape Units on the basis of the 
combined characteristics of the land and water within larger watershed 
areas. 

In the report a large section is devoted to soil s, prepared by the 
pedologist member of the team. The soil series were establ ished on the 
basis of physical and chemical characteristics of the soil and related to 
Land Types. It \-Jas found that there was a high degree of corre 1 ati on 
between soil profile development and topography, parent material and 
drainage. The pedologist prepared hi s report as he would have done it 
for a reconnaissance soil survey, except he did not remap the area. 
Instead, it was decided that the Biophysical map is adequate and more 
detai 1 ed mapping is necessary only in areas of deeper soils where more 
detail was needed. 

Tile seq uence of investigation may be summarized as follmvs: 

l . Investigation of available information of the area . The only rel evan t 
reports concerned the bedrock geology . 

2. One week field work by the land ecologist, working along existing 
roads. 

3. Three days of flying with fixed wing aircraft, with spot checking on 
ground. 

4. Tv10 days in the field, correlating geomorphology v1ith plant succession . 

5. Produce maps by air photo interpretation . 

6. One week in the field, correlating plant succession with so ils and 
physiography. 

7. Tvw days of spot checking by helicopter. 

8. Produce final map. 

9. Produce prel iminary report. 

10 . Map checked by evaluators of natural resources. 
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Steps 1 , 2, 3 , 5 , 8 were carried out by the l and ecologi s t ; s t eps 
4, G, 7, 9 joint.ly 1vith the team. The work was initi ated in Septembe r , 
196 7 and the initial map (step 5) ,.,,as in the hands of the potential us ers 
by May , 1968. Steps 8 and 9 were completed by the win te r of 1968- 69. 
Step 10 v1as carried out at different ti mes in 1968-6 9 as the evaluators 
in agricul t ur e, forest ry, upl and game , ,.,,aterfowl and recreation became 
available . The total 1·1orking time for steps 1- 9 was as foll ows : 

Fie l d work - al ong road 
- aircraft 

Office work* 

27 man- days 
13 man- days 

100 man - days 

140 man-days 

*Office work includes photo in terpretati on, reporting, draft ing and soil 
t esting . 

Summary 

The Biophys i cal Land Class ifi ca tion recogni zes the impo r tance of 
landform within a climatic framework as a major determinin g factor of the 
environment . A hierarchi ca l system of l and survey was built on thi s 
premise, permitting the examin ation of l ands at any desired l evel. Thi s 
l and survey sys t em vrns successfull y applied to 1videly different phys iograpt1ic 
and cli matic areas . The apµ1it.aL"on showeJ LhaL 'mportant features o t ne 
sys tern are adaptab i 1 i ty to different con di ti ons; coope rative parti ci pati on 
of different di sciplines, ah,ays including pedologi s t s; speed with which 
reconnaissance surveys can be carried out . 
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LAND CAPAUILITY ANALYSIS 

G. G. Runka 
Briti sh Co lumbia, Soil Sur vey Branch 

Introduction 

In t hi s era of talk about ecologi cal land use planning , quality of 
the env ironment , poll ution, and l and use conflict, there is increasing 
concern about the land and its performance characteristics; however, 
t here are fe~.,, direct comparisons of the vari ous potentials or best l and 
uses as a guide for admini strators, planners, etc. Land Capabi l ity 
Analysis is one of the tool s which should start us in t he right direction . 

Land Capabili ty Analys i s (L.C.A. ) i f it means anything, probably 
means many different t hi ngs to a \>tide var·iety of people . Often it is a 
general i zation and is done at the risk of l osing sight of t he compl exity 
of reali ty. No generali zation on such a subj ect as l and capabi li ty can 
fit all conditi ans . At t he same time t he excuse that not enoug h is 
knovm and t hat much more research is needed , amounts to a wi thdrawa 1 
from res pons i bi 1 i ty . 

\·Jc hilvc to face it. The race for space is on. [ ve1 yone 11,an ts t l,e 
most desirabl e land . With t he demand for l and for al l purposes steadily 
grovlin g, vie are faced \·Ji th the necess i ty for broad, l arge-sca l e 
environmental planning and detailed planni ng at the local level. 

I should l ike to emphasize at this point that planning for a mean
ingfu l l i fe style , if you like, vlill call for an examination of the 
total l andscape for its inhere nt natural values. 

In many areas l and uses have competed with one another, often to 
t l1ei r mutual detriment , so that prog ressi ve communities or regi ans had 
to give more thought to integrated planning in such a way that the best 
use is made of t he l and available. Essential to this planning i s an 
ability to assess the value of land for a particular use. Given the 
powers of hindsight , 'it is clear now t ha t it \>/Ould have been better if 
an eva 1 ua ti on of our 1 and resources had been made some 100 years ago -
and this had been incorporated into the de velopment of the country. 

Thus v,,e come to such th i ngs as soi 1 survey interpretations, bi o
phys i cal land classifi cation and l and inventory to provide basic data 
for makin g decisions on l and use. As was s uggested earlier, a once over 
l and class i fication to save ti me, money, etc., i s the most desi rable. 
vJith t hese data t here are many alternati ves for grouping data and express 
ing t hese groupings cartog raph ically . The crucial problem in constructing 
an interpretation such as a Land Capability An al ys is is deciding what 
information i s irre l evant , or, conversely, what sho uld be emphasized for 
t he pa rt i cula r purposes in mind. Thi s, of course, depends on the problems , 
objectives, etc. that are con sidered - t he nature of tl1e probl ems and t he 
ideas that various speci alists have fo r s olving these probl ems. 
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Turning directly to L. C. A. systems, there are many different types 
in exis t ence in Horth America at the present t ime. The majority are based 
on the use of computer grid systems and sieve mapping techniques. Witl1 
the inclusion of various physi cal , social, economic and present l and use 
characteristics - all of these have one thing in common - t hey are used 
as tools in land- use planning . Example - Holling (U. lLC. ) , U.S. ( i~.Y. & 
Penn.), Ontario Reg. uev. Branch, McHarg (Oesign vJi t h Nature), and the 
Briti sh Columbia Land Capability /:1.nalysis (B . C. L.C .A. ) with whi ch I am 
most familiar . All have different purposes, requi rements, scales, 
obj ectives , etc . 

Almost all L.C. A. types (a vast and complicated fie ld about which a 
great deal remains to be learned) are included . Thus : 

(l) t he resource base - the actual physical l andscape, including 
as much information on the ecosys tern and various land capabil -
i t i es as i s available . 

(2 ) t he infinite vari ations wi thin that base. 
in each case it i s recogni zed t hat each region is a combination 
of structural, phys ical and cultura l characteri s tics. 

- standards vary 1t1ith r egion and purpose of analysis, i .e. 
East Kootenay of British Col umbi a crown lands vs McHarg 1 s 
Greater Philadelphia study. 

(3) all recogni ze an interrelationshi p betvieen all forms of l and use. 

(4) all recognize man ~~ part of , rather t han dominant to , the 
natural e lements about him . 

(5) all have weighting systems of some sort , but fe111 agree. 

The basic data ar e thus interpreted and reconstituted within a value 
system, which varies with purpose, scale , data l imitations. 

The British Columbia Land Capabi li ty Analysi s Sys t em 

In addition to t he i ndi vi dual Canada Land Inventory ( C. L. I. ) sector 
studi es in Briti sh Columbia, we are carrying out an analysis vih ich for 
wan t of a better t erm is ca 11 ed a land capabi li ty analys i s . This brings 
all sectors together within spec ifi c s tudy areas. An overlay process 
(which will be describ~d l ater ) combined with a team approach to best use 
rather than multipl e use , has revealed that conflicts can be resolved.
He don I t pretend to have ansv,ers to a 11 the probl ems nor do we pretend 
that our cartographic r epre sentation i s a land use pl an - onl y the f irst 
step. We are educating ourselves as we go along . 

In any event, we try at all times to l et the l and indicate v1hat its 
inherent capability for development mi ght be. For exampl e, in s ome 
cases - particularly with recreation and vdldlife - it may L,e best l eft 
al one. Thi s i s a matter not ahvays sati sfactory \'li t h the other sectors. 

Thi s system, utili zing C.L . I. base data, has been described as a 
technique whereby several di sciplines effective ly integ rate their 
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act iviti es in map form, i. e. East Kootenay. \~e are ·''l t liused about t il e 
techni que because it i s beli eved t hat this resul ts i11 a uette r anal ys i s 
than when the bas ic cap ability data ar e t urneJ over t o a pl ann inq tea111 . 
Thi s t eam may not have enough professi onal di sciplines and it may not be 
aware of tile implicat ions and l imitations of the data. Thi s approach 
see111s to be sati s factory in Br1tisl , ('"' lumbia because of the par Licular 
set of objectives , problems , etc . The emph as·is here i s being placed on 
admin i stration and al location of crown lands . 

Thi s i s a method \'l'hereby the nature of tile l and area may be l earned 
Ly a number of di sciplines. The land has been i nventor i ed (C.L.I. ) and 
from this i nformation a s impl e seq uential examination of the l and resource 
by a group of professionals assigned the task of coming up with best 
typical l and use is present ed cartographi cally (the L.C . A. maps )-. ~ I 
emph as i ze best typical l and use, but often we are tal ki ng of associations 
of uses (i .e. ~lative Range or Highl and categori es ). Mi ght I s uggest v.,e 
are attempting to v1rite a "land- use prescription" or at l east are s t art ing 
in t hat direction . 

History 

Capabil ity anal ys i s i s undertaken in British Col umbi a at the request 
of tile ARDA l·li n i s te rial Cammi t tee. 

\·Jc have gone through sever al s t ages of deve l opment t o bring us t o 
the prese nt t echniques and ways of t hinki ng - (follovling i s surrmary of a 
presentation to the 3rd Annual Meeti ng of t he Provincial Canada Land 
Inventory Coordinators, Regina). 

Stage l 

In Hay, 1967, a small working commi ttee v1hich had been set up 
previous l y for technical coordination was as ked to show proof of performance 
for tv,o years ' inventory 'I/Ork . The area chosen v1 as the Pri nee George 
Special Sal es Area. In or der t o ens ure t hat the work v1as done qui ck ly , 
v1ith as li ttl e interference as possible vli th t he current fie l d program, 
each sector was given al :50,000 autopositive of the area and asked to plot 
its ovm high capability areas. Agriculture and waterfowl chose to s hm'I 
cl asses 1-4 as i ts hioh capability 1t1hile the other sectors s howed classes 
1-3. There were a number of probl ems: (a) a large part of the area was 
not mapped, (b) this unmapped area vari ed from secto r to sector , and 
(c) the degree of generalization varied between sectors . 

The map produced had ~,hat i s nm-1 recogni zed as an agri cultural bi as, 
in t hat th e fe~v ass umptions that viere made \vere pro- agri culture. Confli cts 
v,ere resolved mainly in agriculture ' s favor as it "generall y yields a 
hi giler r eturn than t he same cl ass in any other sector" . /~t t he same t i me, 
probl em and low capability areas were ass igned to the convenient title of 
"multipl e uses " . 

Stage 2 

The Oeputy r'li ni sters Committee ' s res pon se on viewing the Prince George 
map v1as a reques t for more detail. A ne~~ and more soplristicated analysi s 
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to evaluate the development potential of the Prince George area was 
started . The initial overlays were to provide a direct comparison 
between physical capability and present use, emphasizing such things as 
(a) farmland available for improvement, (b) areas suitable for mechan ical 
reforestation. The initial overlays were then to be superimposed on 
others to highlight the area of unreali zed potential. The initial 
overlay work was undertaken by a cl ass of 40 geography students at the 
University of Victoria. The resulting maps and acreage tabulations \'Jere 
disappointingly poor and represented 40 different measurement standards . 
Supported by an unenthusiastic response from the Deputy Minister to the 
presentation of some of the better maps , the work was abandoned . 

Stage 3 

In February 1968 the Intersector Committee was reconvened to 
undertake a simple analysis of "single typical use" or prime use . Thi s 
fina1ly resulted in the published Land Capability Analysis for the 
Prince George Special Sales Area. Table 1 shows some bias towards agri 
cultu re and to some extent towards forestry. There were three groups 
for agriculture , two for forestry and one each for recreation , ungulates 
and waterfowl. In addition the resolution of some conflicts was 
influenced by present land use . 

Table I. Data Grouping (Prince George Special Sales Area) 

Agricul t ure Forestry Recreation Ungulates Haterfowl 

Prime Group 1-3 1- 3 1- 3 1- 3 1- 3 
Moderage Group 4 4 
Limited Group 5 
Low Potential 6&7 5- 7 4- 7 4-7 4- 7 

Stage 4 

When work commenced on the East Kootenay area, an attempt was made 
to correct the apparent deficiencies in the analysis of the Prince George 
area. The analysis was extended to i nclude the moderate groups for 
ungulates and waterfowl, the moderate and 1 imi ted groups for recreation , 
and the limited group for forestry. Two new categories of "Native Range" 
and "Highland" \11ere introduced , permitting the elimination of the low 
potential category. Also, conflicts were resolved without recourse to 
present land use. 
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Table II. Data Grouping (East Kootenay) 

Agric ulture Forestry Recreation Un gulates Waterfowl 

Prime Group 1- 3 1-3 1-3 1W & 2W 1-3 & 3M 
:vloderate Group 4 4 4 3 & 3W 4 
Limited Group 5 5 5 

Low Group* 6&7 6&7 6&7 4- 7 5- 7 
Special Categories: 

Native Range 5&6 5&6 6&7 3&4 6&6 
Highl and 6&6 6&7 5&6 3-6 5- 7 

*not s hown 

The East Kootenay analysis set the pattern for the Bulkley analysis 
whi ch is novJ complete and the Peace River analysis is under way . I think 
it can be assumed that the guidelines will be changed regularly as the 
group involved continues to educate itself as new problems appear. 

The Mechan ics 

At the "sk or boring you wi Lh Lhe mechanics 01 the ~r1t 1sh Columbia 
Land Capability Analysis, I will attempt to outline what i s being done now 
and what cou ld or might be done i n the future as experience i s gained , 
usi ng Canada Land Inventory biophysical land classification , soil sur vey 
and other land resource data. 

Assumptions 

1. Our terms of reference suggest that a "single typical use" be shown 
to restrict ourselves to the physical capabi lity analysis and to 
resolve all conflicts through the committee. The economi c and social 
inputs are l eft out as it is felt that it is dangerous to introduce 
an incomplete input . 

2. All conflicts have to be resolved as only pri me use is mapped . We 
do, however , have the facility to mention compatib le uses in the 
narra t i ve , and some exceptional cases i ntegrated use categories . 

3. It is ass umed all cl asses are equal unless proven otherwise. In 
other words, classes l, 2, or 3 in any one sector are consi dered as 
good as classes l, 2, or 3 in the other four sectors . This rather 
si mplified approach is open to much argument but it is difficult to 
make value judgments and attach weights to different sectors . 

4. Good management to current standards is ass umed for all sectors, 
with the individual sectors setti ng their own man agement guidelines 
subject to intersector review . 

5. Most sectors, particulary agriculture, assume a minimum unit size 
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that is compatible with proper management of the land. Isolation 
of units is also given consideration. 

6. The highest rating is used . For example - in agriculture the 
irrigated rating is used where it is better than the dry farm 
rating . 

7. The first class in a complex is considered to be representative of 
that unit . It is only in situations in conflict that a total compl ex 
is referred to. 

8. No consideration is given to 1 and resource users other than those 
included i n the C.L.I. program, except per haps in the narrati ve . 

The preparation of materials using colored overlays and an overhead 
projector rather than manual overlay involves a number of steps. Sector 
capability maps at l :50,000 are photographically reduced to a common 
scale of 1 :126,720. These are joined together into two-mil e map sf1eets 
and ozalid prints are produced . A planimetric base map of the area is 
printed on clear film at the same scale . Thi s base is normal ly a photo
graphic enlargement of the 1 :250,000 publication base . The second st ep 
requires coloring the 1 :126,000 prints for each sector accordi ng to a 
color scheme devis.ed for the analysis . Only those classes to be con
sidered in t he exercise need be colored for each sector. From these 
colored sector prints , the required infonnation is placed on clear 
acetate overlays that cover the area under consideration . With the 
fourth step, the drafted overlays and planimetric base are photographically 
reduced to a scale of approximately 1 :1 ,000 ,000 suitable for projection 
on an overhead projector . Next , clear contact positives are made from 
the reduced sector negatives. Once these are obtained the lines 
delineating moderate and low class areas are opaqued on t he negative . 
Thi s leaves only prime areas . Clear contact positives are then made 
from these . In step six transparent color overlays are produced at t he 
same scale using GAF projecto-viewfoil film. This is an ozalid process. 
Two copies are made of each sector for both sets of overlays. The color 
transparencies are then fastened so that they may be overlaid in any 
combination when mounted on the projector. 

The overlay process involves four steps. A white paper base is 
mounted on the wall. Using white paper as a projection screen, one of 
the overlays is projected and coordinate reference points are marked on 
t he paper screen. The prime capability group of transparenci es are then 
projected and using the analysis color system the areas of single no
conflict capabilities are colored . 

In step three all conflicts that occur within primary areas are 
resolved. The overlay of all groups is projected and the same procedure 
as in steps two and three is repeated. 

In preparing a preliminary map the five sector overlays at 1 :126,720 
are overlaid and a single matte autopositive is made . This shows all 
sector boundaries that are considered in producing the capability 
analysis. From here it is relatively simple to co lor the autoposi t ive 
according to the boundaries establ is hed on t he preliminary map obtained 
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in the above four steps. 

Sector considerations involving confli cts and resol vi ng of these 
conf li cts becomes quite i nvolved. Examp les follow: 

Agricul ture 

Irrigated capability ratings are applied where irrigation is 
t he accepted practice. 

The s i ze of t he agricultural unit is considered in that no small 
iso l ated blocks are allocated to agriculture. 

Compatibility between agri culture and other sectors is not good 
when considering agriculture classes 1 to 5 because it is dif
ficult to have compl ementary uses in cultivated areas. 

- Waterfowl and agriculture often are complementary whe re drai nage 
of pot holes, etc. has not destroyed prime waterfowl habitat . 

- Recreation confl icts are usually si t e specific and involve 
small acreages of land . Agriculture is complementary where the 
management of agricultural lands provides a pleas ing pastoral 
se tting. 

- Conflict areas resolved in favor of agriculture are most often 
made on t he basis of adj acency and contiguity with other units 
al l ocated to agriculture. 

Forestry 

Considerations vary with region but in general most extensi ve 
recreation and ungul ate uses are compatible with forestry as 
long as they are given management consideration. 

- To date littl e conflict has arisen between agricultu re and 
forestry but probl ems may occur. 

- Recreation is the main contender for good forest l ands (stream 
cor ridors most often ). 

- In conflict situations decisions for or against forestry are 
most often infl uenced by lowe r or higher complex components . 

Recreat ion 

- Often confli cts are resolved by t he "significance of features " 
rather t han by t he cl ass capabili ty. 

- Often are awarded confli ct lands because of si t e specifi c nature 
of recreation unit. 
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Ungulates 

- Are highly compatible in general with the others except at the 
lW and 2W levels. 

- Are basically incompatible with intensive agriculture and this 
is one of the most difficult problems to resolve . 

Waterfowl 

- See agriculture note ; otherwise littl e conflict to date . 

Summary 

(1) The most important advantage of the B.C.L.C.A. system is the 
personal interdisciplinary contact where dialogue is set up among 
the various disciplines and a common base is set for constructive 
discussion and land use decision making far beyond t he L.C .A. 
itself. In other words a base for ·interdiscipli nary communication . 

(2) The "land capability analysis is not a land use plan, but an indicator 
of capability patterns based on a comparison of C. L.I. physical 
data. The analysis of physical capability is only the first step 
towards land use planning . 

(3) Our main objective is to provide physical land resource information 
to land administrators in the various line departments of government 
who are asked to make land use decisions of one form or another. 

(4) No consideration was given to provincial and regional demand 
patterns for particular uses , nor to socio-economic needs. 

(5) L. C.A. cannot substitute for on -site and regional plann ing which 
would consider site and land use factors. 

(6) The ideal is se ldom a choice of either one land use or another , 
rather it is a choice of a combination of two or more uses. 

(7) The tendency i s to oversimplify - l and is very complex - 1t1e are 
unaccustomed to noting all of the variabilities in the environment 
and responding to these. 

(8) Results are qualified if the factors (inputs) are of dispropor
tionate weights. Many value judgments are involved here . 

(9) There are limits in the photographic resolution of different 
input maps. 

(10) It must be recognized that certain areas are highly suitable for 
se veral land uses and can be seen either as a confli ct or as an 
opportunity to combine uses that are social ly and economi cally 
desirable. 
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(11) To date the L.C. A. has been used to delineate the admini strative 
boundari es of government land agencies and to determine policy for 
agriculture, forestry and recreati on. The analysi s has al so resulted 
directly or indirectly in a Cabinet and Deputy Minis ter' s Corrrnittee 
on Land Use in British Columbia. 

The Provinci al Ue puty Mi nister ' s Land Use Subcommi ttee made up of 
senior administrators in t he natural resource departments in conj un cti on 
with C.L . I . staff are usi ng the analysis as a base i n conjunction with 
other pertinent l and use information (see exampl e ) such as hi ghways, 
min i ng clai ms, water resource i nformation , present tenure, etc . , as a 
base for land use policy and decision maki ng . Atlas type overlays of 
analysis and other perti nent information are bei ng prepared for line 
department fi eldmen who are confronted with l and use problems within their 
regions each day . 

The ques t ion ari ses, wh at are some of t he other things that could 
be done with the available land reso urce data on land capability analysi s 
t o assist ecological land use pl anning? 

Perhaps an attempt should be made to optimize multipl e compatib le 
l and uses rather than a si ngle use. Each land use might be tested agai nst 
all others to determine compatibil i ty , i ncompatibility , and t o what degree. 
Then an examinati on could be made of the single opti mum or best typical 
land use and determine t he degree of compatib i lity with othe r l and uses . 
This may be somewhat unreal i stic , nevertheless it may be poss ible or 
necessary. 

Let I s turn to the l and resource i nformation that has been or wi 11 
be coll ected, Canada Land Inventory and others, and indicate some of t he 
l and data that are avai labl e; that is, on t he l andfo rm base there i s a 
prediction of geomorphology and soil paren t material, topog raphy , slope 
(moi sture shedding and receiving) , drai nage, dept h to bedrock, soi l 
texture and other mo rphology, permeabi lity , etc.; on cl imate are such 
fac t ors as precipitation, frost-free period , growing seas on, soil 
t emperature heat units (degree days ) , etc., expressed cartographically ; 
on vegetation are macro cover and in most cases mi cro vegetation in 
terms of site types or range of site types, successional trends or 
predicti ons. The result of t he above data provi des a picture of t he 
t otal phys ical environment. 

Then how can t hese data be regrouped to provide new measures or 
tool s for the l and use planning team? Perhaps t he L.C. A. techniques with 
computer he 1 p might be useful fo r furt her comparisons. 

Some of the fo l lowi ng suggested groupings are dependent on the 
scale of mapping but all are poss ible predictions t hat li ke ly will result 
in land use confli cts . These conflicts cou ld perhaps res ult in better 
long range planning. 

( l ) Agriculture : 

(a ) Productivity rati ngs for the range of crops (poss ibl e 
climatically ) on each soi l . 
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(b) Irrigation and drainage groupings. 

(c ) Conservation of agricultural land through rural zoning of 
those soils of high capability and high productivity 
occurring near markets. 

(d) Range management (productivity-pa latability groupings), 
stocking rates, range rehabilitation. 

(e) Economic land capability (production unit classification); 
economic inputs are necessary for t hi s grouping . 

(f ) Tax assessment . 

(g) Management groupings a la Soil Conservation Service -
fertilization, recreation, etc. 

(2) Forestry : 

(a) Forest management and silviculture 

- seedling mortality and scarification possibilities 

- plant competition 

- equipment limitations 

- erosion and slump hazard 

trafficability ratings, forest soil fertility groupings 

- windthrow hazard , yield classes 

- species suitability - rehabilitation of decadent forests . 

(3) Urban Location and Zoning : 

- flooding hazard, susceptibility to erosion, depth to 
bedrock , sector capabilities, pipeline corrosion, 
sewage effluent di sposa l , drainage, topsoil possibil 
ities, sedimentation during construction, runoff, 
landscaping , subdivision planning, housing density , 
green belts, parks, transportation route location, 
aggregate sources. 

- predicting or determining the direction and extent of 
urban expansion is a perplexing problem for the land use 
planner in British Columbia with formation of t he new 
regional districts as local planning units in British 
Columbia - information may be used in defense of zoning . 

(4) Other Engineering and Hydrology: 

- prediction of water recharge and di scharge areas (ground 
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water conditions ) 

- runoff an d sedimentation and turbidity, infiltration 
rates 

- foundation problems . 

Note I have indi cated prediction because this is not intended to 
replace on-site drilling and i nspection to solve particular 
probl ems. 

(5) Wildlife: 

The key here in the case of most wildlife is the vegetation, 
its successional trends and the manipulation of t he vegetati on 
to provide the desired habitat. 

- an interpretation of t he soi ls , cli mate, water bodi es 
and vegetation necessary for wildlife habi tat elements 
should be possible. 

- the wildlife manager co uld t hus be directed to t he 
best areas for cover manipulation in re lation to other 
land uses . 

- location ofv,ildlife sanctuari es, refuges , nature study 
areas. 

sedimentation , si ltation of streams, erosion and sil ting 
of spawning beds, turbidity. 

- coarse fis h. ) essential to have 
some form of 
comp arison with 
other res ource 
users because of 
non-market values 

) 
- waterfowl and drainage of potholes , ) 

etc . ) 
) 

- prediction of nutritional defici ency) 
in habitat . ) 

(6) Recreation : 

- many of t he considerations mentioned for other uses . 

- pre diction of features and quality of recreation. 

- i. e., duned area near lakeshore or sandy outv,ash likely 
to have high quali ty beaches. 

- sedimentation . 

landscape descri pt ion fo r cl assification of scenic 
res ources (l and form, cli mate, vegetation comb inations) -
probabil ity of these stayi ng, i .e., moderate and low 
capabil ity agriculture areas associated ~1ith moderate 
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forest capability l ands are likely to remain \>Jith a 
di spersed pattern of cultivated and forested l ands. 

- parks, green belts, high intensity recreation areas:
golf courses, playing fields . 

- camping, tenting, cottaging, winter sports areas. 

- alpine recreation use and prediction of soil and 
veget ation damage (use control) . 

The intersector capability analysis is one exercise in usi ng land 
inventory da ta as a first step in land use planning . I have indicated 
other inputs that could be useful in land use planning if attacked by a 
multi-di sciplinary group usi ng the base data on the ecosystem - keeping 
in mind that t he physi cal data interpretation is only one tool in t he 
pl anning process . The limitation is time - these interpretations were 
needed yesterday. 

I think we can do a lot more i n terms of practi cal use of our land 
inventory data than has been done in tenns of ecological considerations, 
on a man- land language , and eventually in l and- use planning. 
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ORGANIC SOIL CAPABILITY SYSTEM FOR AGRICULTURE 

D. W. Hoffman 

Can ada with an estimated 500,000 square miles of organic terrain 
has probably been the least acti ve of any country in the world with 
respect to development of organic soils. Ontario has done l ittle better 
t han the rest of Canada. With almost 1.5 million acres (23,125 square 
mil es ) in Sout hern Ontario al one only a small proportion is developed 
and i n Nor thern Ontario where there are mi ll ions more acres there is 
no development of any significance. 

The reasons for t hi s situati on are manifold . Little is known of 
t he hydrology , morphol ogy and soil characteristics of a bog and perhaps 
even l ess i s known of the production potential of organic soils for 
vegetables, wildlife , recreation , forestry and ene rgy . When dealing with 
mi neral soils i n Can ada land use deci s ions can be ass i s ted by us ing soil 
survey reports and the interpretive i nformation suppli ed by the Canada 
Land Inventory. Soil survey reports descri be fertility, s t r ucture , mor
phology and the phys i cal properti es of soils. This i nformation can be 
used to assess the potenti al of soils for agriculture, forestry, recrea
tion, wildlife and urban uses i n te rms of soil capability . Employed in 
making l and 11 ~e dec:icdnnc; it heromPs an effective pl anning instr, ment 
Soil capability al so provides a means for evaluating a piece of l and 
for a specific use. No such sys tem has been appl ied to the organic 
soil s of Canada. 

Un ti l recently Canadian soi l sur vey reports classified organic 
soi l s i nto two main classes, peat or muck. Peats are fibric, poorly 
decomposed and acidic whil e mucks are well decomposed, humic and sl ightly 
acid to alkali ne. Such a classification provi des too little information 
to be useful i n l and use planni ng . However, in 1968, a taxonomic system 
of organic soil classification developed by the Canada Soil Survey 
Committee was adopted for use. This pr ovided the means of recording the 
characteristics of organic soil s in much the same way as t hose for 
mineral soils are recorded and made t he devel opment of an organic soi l 
capabil ity cl ass ifi cation for agri culture possible . 

Capability Class ificati on of Organi c Soils for Agriculture 

The organi c soi l capability classification for agriculture i s an 
interpretation of the agri cultural potential of organic soils from 
i nformation gained by s tudyi ng the morphology and phys ical and chemical 
characteristics of organic soil s. The capability classification cons ists 
of 7 classes which indicate the potential of the soi l fo r vegetable 
production . In addition to rating soils on their potenti al for vege t abl e 
production an additional ra ting system has been introduced to indi cate 
the relati ve amount of reel amati on which is necessary before the full 
potent ial of an area fo r agriculture can be realized. It i s cal l ed a 
"development difficulty rating". 
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Development Uifficulty Classification 

Undevel oped organic soils are given a development diff i culty ratinq 
from one to seven. Such a rati nq is necessary because reel amati on may be 
more difficult on one si te t han on another even though their agricultural 
capability i s the same. 

Minimum difficul ty is encountered in overcoming hazards present in 
soils rated l , 2, or 3. Only minor reclamation i s req uired. Minor 
recl amation includes those operations which can be carried out by a single 
operator and which do not require cooperation among several adjoining 
operators . Such operations woul d include l and cl earing , l evelling rough 
surfaces, removal of surface woody layers and the install ation of certain 
features of vtater control. 

Soils rated as four require major reel amati on but when the agri -
cultural capability is high (cl ass 1, 2, or 3) reclamation i s usually 
warranted. Major reclamation is considered t o be those operati ons that 
req ui re cooperation between adjoining operators and that may require 
outside financial assistance. Such operati ons could be construction of 
dams or levees and other major water control features and correction of 
very l O\'t or very high soil reaction (pH) . 

Hazards present in class 5 soi ls requi re major reclamation schemes 
that are onl y \\larranted where agri cultural capability is cl ass l , 2 or 3 
and \•there high value crops can be produced. Class 6 soil s can be developed 
only with very large recl amation projects but rec l amation is seldom \1/ar
ranted because the hazards are so serious they constitute a continuing 
l i mi tati on and a reduction in capability. The most serious hazards occur 
in class 7 soi l s. These are overcome only by intens ive development on a 
major scal e and in such cases development i s li kely uneconomical . 

Capability Classification 

Like other A.R.D.A. capability classification t his permits the 
rating of soil s in cl asses from one to seven according to the degree of 
continuing limitations that particular ha zards may f1 ave on crop production. 
The capability class is a group of soils vlith the same potential fo r the 
production of agricultural crops. The degree of limi tation becomes 
progress ively greater from class l to 7 and the potential for crop produc
tion becomes correspondingly 1 ess from cl ass l to cl ass 7. 

Classes l , 2 and 3 are capable of sustained production of vegetable 
crops, class 4 soils are marginal for sustained production of vegetable 
crops and class 5 soils are not suited to vegetable production . However, 
class G soils may be used for forage and pasture production. Class 6 
soi l s are not suited to the establishment of crops other than indi genous 
species and cl ass 7 soils are non-agricultural . Organic soi l s that have 
been reclaimed are cl assified according to their continuing li mitations 
only. 

The capabi lity classes and the development difficulty cl asses are 
subdivided into subclasses. A subclass is a group of soi l s with the same 
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limitat ion or hazard. The ten subclasses and the letter used to des i gnate 
them are as follows: 

1. Inunc1ation and Excess l~ate r 

Inundation - I 
Excess Water - W 

Drainage is needed to control wetness and dikes, l evees or 
other install ations may be req ui re d t o prevent floodi ng. 

2. De9 ree of Decompos ition - Permeabil i ty - P 

The degree of decomposition i s important because it has a con
tinuing effect on drai nage, capillary rise of v1 ater and rate of 
s ubs idence . 

3. Uepth of Profil e and Underlying Mi neral fiateria l s - D 

Some minimum depth of organic soil mus t be avail abl e before 
vegetabl e production i s justified . Ease of drai nage i s related 
to the kind of underlying mineral soil if it is with i n 6 feet 
of the s urface. 

4. Fertil ity - F 

The most important as pect of soil fert ili ty to capabi li ty i s 
soil reaction s ince thi s vari es markedl y from site to site and 
other elements s uch as phosphorus and potassium remai n tile 
same; commonl y low . 

5 . Cl i mate - C 

Temperature has an effec t on crop producti on . 

6 . Wood in Profi l e - L 

~Joody l ayers v1i t hin 20 inches of tile surface vlill interfere 
with cul t ivation . 

7. Surface Ro ughness - T 

uneven s urface due t o fire, eros ion , wil dl ife, etc. may interfere 
wi th l and cl ea ring . 

8. Permafrost - G 

Permafrost presents an obvious limitation to crop production. 

9. Sa linity - t! 

Sa l t concentration s can affect both productivity and the kin ds 
of crops grm,m . 
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The class i fication system is not an indicator of the most profitabl e 
use of organic soi l s. It i s, however , an indicator of t he potential of 
organ'ic soil resources for crop production. In order to arrive at a 
means of estimati ng t he potenti al of organic soils for agriculture 
certain ass umptions were made . These are as follows: 

l . The organi c soils capabil ity classification is interpretive 
and is designed to evaluate t he limitation of individual 
organic soils to development for and production of vegetable 
crops. 

2. Good soil management practi ces are assumed . 

3. Location, transportation, market condition and t he skill and 
resources of individual operators do not constitute criteria 
for capability groupings. 

4. Capability groupings and definitions are subject to change as 
new information and methods concerning the manipulation of 
organic soils become available . 

Uses of Organic Soils for Other Purposes 

Forestry, recreation and wildlife habitat are other uses of organic 
soil areas and they may be l eft in the natural state to act as water 
reservoirs . 

In most cases the capability of organic soils for commercial forest 
production is low. Limitations such as very poor drainage, low ferti lity 
and flooding l i mit the growth of many tree species . Organi c soil areas 
also have a low capability for recreation. Indeed, since bogs are soft 
and easily compressed t he roots of trees and shrubs can readily be 
exposed by foot pressure resulting in possible death of the pl ants. 
Perhaps human traffic should be kept to a minimum. 

Organic soils provide a valuable habitat for certai n types of wild
life. White-tailed deer , muskrat, beaver and grouse inhabit many of the 
bog areas as do many other species . A cdpability classification of 
organic soils for wildlife purposes should be developed. 

Future Developments 

The capability cl assification of organic soi l s for vegetable crops 
would be more useful if t he definitions of the classes carried some 
indication of yi el d. In addi tion research is needed to determine the 
costs of production on organic soils of various capabilities. Such inputs 
would permit more precise definition of each class and would give some 
estimate of the value of t he land to horticulture. 

Research is also needed to determine the costs of reclamation for 
di fferent bogs and work is needed to assess the value of organic soi l 
areas for f l ood control and water storage. 
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A GUIDE FOR CAPABIL ITY CLASSIFICATION OF ORGAN IC SOILS 

Prepared by Department of Soil Science 
Ontario Agricultural College 

University of Guelph 

A. Phys ical Features used to de termine Organic Soil Cl ass (check one 
descri pti on under each heading ) 

DE COMPOS IT ION EXCESS WATER 
and 

50 Fi bric I FLOODING 

0 Mes ic 0 None 

35 Humic 20 Occasional Flooding 

35 Frequent 
REACTION 

50 Fairly Frequent 
50 pH < 3.5 in H20 65 Very Frequent 
35 pH 3. 5 to 4.0 

80 Extreme 
20 pH 4. l to 4.5 

10 pH 4.6 to 5. 5 CLIMATE 

0 pH 5.6 to 6.5 0 Climatic category i 

10 pH 6.6 to 7.0 20 Climat ic category ii 

35 pH 7. l to 7. 5 35 Climati c category i i i 

50 pH 7.6 to 8. 0 
WOODY LAYERS 

65 pH > 8. 0 
0 None 

.....--.-------

SURFACE RO UGHNESS 20 Softv1ood Layer 
< 3" thi ck 

0 Level 
35 Softwood 

20 Hol es and Mounds > 3" thick 
> l ft. 

50 Hard\>JOOd > 2" thick 
35 Holes and Mounds 

l to 2 ft . DEP TH 

50 Holes and Mounds 
< 2 ft. deep 

0 Deep (over 6 ft. ) 

20 Mod . Deep (6 -5 ft. ) 

35 Shallow (5-4 ft. ) 

50 Very Shallow (4-3 ft . ) 
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B. ORGANIC SOIL CLASSES 

The seven characteristics under A above have numbers to the left 
of each description . As a guide to the proper land class, add up 
the numbers which are opposite the descriptions selected and subtract 
this figure from 100 (circle the land class below that approximates 
the value which you have now obtained ). 

2 3 4 5 6 7 

100 - 85 80 - 70 65 - 55 50 - 40 35 - 25 20 - 10 less than 10 

ORGANIC SOIL CLASSES 

CLASS 1 (100-85) - Organic soils of this class have no water, topo
graphical or pH limitations and are deep and level . They 
are located in climate category l and are at an intermediate 
stage of decomposition . 

CLASS 2 (80-70 ) - Organic soils in class 2 have one limitation 
which restricts their use in a minor way. The limitation 
may be woodyness, reaction, flooding, topography, depth 
or climate. 

CLASS 3 (65-55 ) - Organi c soils in this class have moderately severe 
limitations that restrict the range of crops or that require 
special management practices. 

CLASS 4 (50-40) - Soils in this class have limitations which 
severely restrict the range of crops or which require special 
development and management practices. Reclamation and 
management costs will be high. 

CLASS 5 (30-20) - Soils of this class have such severe limitations that 
they are restricted to the production of perennial forage or 
other specially adapted crops. Large scale reclamation is not 
feasi ble . 

CLASS 6 (20-10) - Class 6 organic soils are capable of producing 
only indigenous crops and improvement practices are not 
feasible. 

CLASS 7 (l ess than 10) - Organic soils of this class have no 
capability for agriculture. 

C. HOW TO RATE ORGANIC SOILS 

The rating of organic soils is a relatively simple procedure 
when the guide is closely followed. First, classify the stage of 
decomposition, water conditions , reaction, climate, woodyness , surface 
roughness and depth in the appropriate classes as defined below. 
Next cl assify the capability as outlined on this and preceding page. 
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DE COi·:POSITIOl·I - refers to the s tage of decompos ition of the or<1ani c 
mate ri a ·1 s. 

Fil,r i c - the l eas t decompo sed of all organic soil mat erial s. 
There are large amounts of we ll - prese rved fiber that 
are readil y identifi abl e as to botan ical ori gin. An 
unrubbed fiber content of more than 2/3 of the organi c 
volume. 

Mesic - the in termediate stage of decompos i tion. Has an 
unrub bed f i ber content betvJeen l /3 and 2/ 3 of t ile 
organi c vo l ume. 

Hunli c - t he most high ly decompos ed. Has an unrubbed fil·e r 
content l ess th an 1/3 of t he organic vo lume . 

EXCESS \1/ATER and FLOODING - re fers to excess \11ate r ei t her underground 
or overfl m·, . 

Occas ional f l oo ding - exces s water causes s l ight crop damage. 

Frequent f l oodina - excess water caus es minor crop damage bu t no 
crop l oss . 

fair ly frequ ent f loodin g - excess water causes moderate crop 
damage and poss ibili ty of one crop l oss. 

Ve ry freque nt flooding - excess \'Jater causes crop loss . 

Extreme fl oo~ - excess 1·1a ter ca uses crop l oss 2 or mo re t imes. 

CLHIATE - refers to cl imatic zones defi ned in 

Climatic category in cl udes the foll owing cli mat i c types 
lG, 2G , 2H, 2F, 3F, 3G, 3H. 

Cli mati c category i ; incl udes t he fo 11 mvi ng cl imatic ty res 
3G, 4H , 4K , 4L, SL. 

Cli matic category i i i - incl udes t he fo l lowing cl imati c types 
51! , SK, 6K, 6L. 

l~OOUY UWERS - wood located 1vi thin 20 in ches of t he s urfa ce wi 11 
probably i nterfere wi th cultivation practices. The li mitat i ons 
posed by woody l ayers are noted on page 162. 

SURF/\CE RO UGlmESS - refers to mounds, hummocks, pl ate aus, r idges and 
hol es caus ing uneven surfaces on some boq soi l s. 

DE PTH - refers to t he depth of organic ma t eri a l over sand , s i lt, 
·--loam, cl ay, marl or bedrock . Limitations occur 1-Jhen any of 

these material s occur v,i t hin 6 fee t of the s urface. 
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REACTIOM - refers to the acidity or alkalinity of the soi l . 

D. DEVELOPMENT DIFFICULTY CLASSI FICATION 

It is possible that two separate soils may have simil ar agri 
culture but one may be more di fficult to reel ai m t han the other 
A development difficulty rating from 1 to 7 is proposed for all 
organic soi l s in an unreclai med state. Brief definitions of the 
development difficulty classes follow. 

Cl asses 1, 2 and 3 - only minor reclamation is required. 
Minor recl amation is considered to be those operations 
which can be carried out by a s ingle operator . 

Cl ass 4 - major reclamation is required but is warranted when 
soi l capability is high . Major reclamation is t hat requir
ing cooperation between adjoining operators and/or outside 
f inancial assistance. 

Classes 5 and 6 - major reclamation is required and seldom 
warranted . 

Class 7 - hazards to development are so serious that t hey can 
be overcome only by major scale projects . Such develop
ment is unwarranted. 
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IilTRODliCTION TO RG10TE SE!~srr~G 

J. N. de Vil 1 i e rs 
Program Planning Office, Dept . of Energy, :'i i nes and Resources, 0tta1·1a 

Remote Sens inq i s the measurement of en vironmental cr:nditions at or 
near the surfaceof the earth that is performed primarily with sensors on 
airborne and space vehicles. Such measurements are usually the meas urement 
of Electro- Magneti c radiation e ither emitted natural ly from the surface of 
the eartn ( a so-ca 11 ed pass ive sys t em), or refl ected by the surface of the 
eartl, from a source--s uch as the s un , or a source adjacent to the sensor-
(a so - called active system). 

Intcrvenin9 atmosphere and 1veather corn.litions allm"' measurements to 
be made in some parts of the electro-maqnetic spectrum , hut not in others. 

Se nsors may produce an image (e.g. cameras, scanners , radars), or a 
"point" meas urement (e.g. radiometers, spectrometers ) . f.ctive systems 
1,-friic,1 employ the sun as t ile illuminating source can only operate in daytime; 
other systems can operate in any part of the diurnal cyc l e ~·thich i s 
appropri ate to the mi ssi on. (Indeed operations at se veral times in the 
diurna l cycle may be of interes t . ) 

One of the mos t interestin g sens ing systems is that of multi spectral 
scann'ing, l'1he reuy a raster picture is produced line by line at se veral 
parts of the electro- magnetic spectrum simul taneously . Computer process ing 
and interpretation has acilievecl s ome results in "target re cognition", 
pr incipally of crops, using t he principle that each different crop shou l d 
(and indeeu does) have a different refl ectance spectrum. Hm·1cver, 
vari at ions in the spectrum of a particular crop can occur from place to 
place, and from seas on to season. This makes the computer identification 
of the crops uifficult even in the presence of considerable "ground 
truth" veri fication. 
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or~GANIZHJG /\ C/\W\UI/\f~ PH0Glt/\t1 rn R[l'l()TE srnsrnc 

A. r. Gregory 
Program Planning l)ffi ce, Dept . of Energy, Mines and Resources, Otta1·1a 

Canadians have made major contributions to the successful collection 
of resource information by means of aerial surveys in many countries. 
The opportunity for similar l eaders hip with remote sensors i n aircraft 
and spacecraft is closer than many people rea l ize. Accordingly, the 
Canadi an Government, in cooperation 1:1ith industry, universities, and 
rrovinci al governments, is planning for a national program in remote 
sensing. The objective of such planning is to identify the common 
in terests of many user agencies across Canada and to consider ti",e means 
of focussi 119 the research effort, centralizing major fl i g,1t, sensor and 
processing faci l ities and minimizing the overall cost of essential but 
expensive experiments. 

Suc11 a broad study vrns i niti at\?d by the Cabinet Committee on Sci ~nee 
Policy and Tcchnolom' ~·,hen it instructed tile ~·epartment of Energy, Mines 
and resources to convene an Interdepar tmental Co~~ttee on Resource 
Satclli tes and nemote /~irborne Sensi ng. This commit tee , chaired r.y 
Lir. ,1. 1'1. Harrison, has the primary qoals of: 

('I) coordinatinq and funding federal qove rnment plans for advancing 
remote-sensing technoloqy in Canada; 

(2 ) r ecoqnizinq applications of rernote sens ina in the assessment of 
Canada's natura l resources , in the monitorina of eco loqical 
conditions and pollution, in the inventorying of farm and 
forest productivity a!1d in the plannin ~ and monitorin g of land 
use: 

(3) extend in~ remote sensino tcchnolo9y to ass i st developi ng 
nations: 

(ti) planninq and recommendinq a pertinent organization to carry 
out a nati ona 1 program as warranted by the study. 

Supnorti ng the i nteraqency comr.ii ttee is a Program Pl ann i nri Office 
(PPO) directed by iJ r. L. t·I. Morl ey. This interim orqanization l'1ill phase 
out of e xistence upon submission of its fina l report for inclusion in the 
l 97l-73 estimates. This report i s to contain recommendations for the 
organization and s upport of a national program. The ppn will also manage 
certain urgent projects until such time as permanent management i s 
estai;li shed . 

In order to assure a broad technical inout, the PPO set ur working 
groups with representation from appropriate disciplines in qovernments, 
universiti es and industries (see organizational cliar t, Appendix t.). Such 
working groups will function for about one year, presenting their f inal 
reports on i-iarch 1 , 1971. 
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CF-100 HIGH ALTITUDE REMOTE SENSING PROJECT 

E. A. Godby 
Program Planning Office, Dept. of Energy, Mines and Resources, Ottawa 

l . 0 Introduction 

This project '11as initiated by the Program Planning Office , 
Resource Satel lites and Remote Airborne Sensi ng for the purposes of : 

(a) Investigating the potential of high altitude , small scal e 
imagery for mapping and natural resources app li cation. 

(b) Obtai ning si mul ated spacecraft imagery . 

The vehicl e bei ng used i s a CF- 100 aircraft bel onging to t he 
Aerospace Engineering Test Establ is hment (AETE) at Canadian Forces 
Base, Uplands . This aircraft had been outfitted as a versatile 
camera platform by AETE to meet the experimental and test require
ments of the Department of National Defence . It is being used in 
this project under a two year cooperative agreement between DND 
and DEMR . AETE are responsible for the entire flight operations 
under the di rection o · their own photographic section. 

At present, six federa l government branches or departments 
are involved in t he project. The first flight was conducted on 
May 19 , 1970 , over Lake Ontario on behalf of the Inland l4aters 
Branch of DEMR . 

Although the present agreement covers a two year period , it 
i s anticipated that there will be a continuing requirement in 
Canada for experimental high altitude remote sens ing. Part of 
t his requirement will be in support of satellite programs (e.g . 
ERTS ) and part in developing and testing new sensors and data 
analys i s and interpretation technique . 

Present plans are to revi ew the program after it has been in 
operation for approximately one year and in light of the experience 
which has been accumul ated, consider the poss ible extension of the 
program beyond the t ermination of t he existing agreement in April 
1972. 

2. 0 CF-100 Aircraft (#18767) 

2. 1 Performance 

Operational Ceiling : 40 ,000 feet (stable platform ) 
Flight Duration at Alti tude: 2. 5 hours 
Range : l ,000 miles at altitude 
True Ai rspeed : 240 knots to 400 knots 
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2.2 Sensor Locations 

Se nsors can be located in three positions on t he aircraft: 

(a) Rocket Bay. The space available for sensors measures 
approximately 41 long x 31 wide x 35 11 high. 

The bay is readily detachable from the aircraft . Since six 
of these bays are available, different sensor packages can be 
fitted on the aircraft with a minimum of aircraft down time . 

Packages available: 

(1) 4 Vintens 
(2) RClO , 1 Vinten 
(3) Reconofax IV, Radiometer 

(b) Nose Section. Two separate nose sections are avai l abl e 
allowi ng two separate instrumentation packages to be 
available for fast interchange. 

Normally, t hi s section carries an oscillograph recorder 
and two 70nm Vin ten cameras. 

(c) Radome Section. This is the forward part of the aircraft 
which originally housed the radar antenna. A 70mm Vinten 
camera will operate in this position. 

2.3 Support Systems 

Radio Compass 
R Theta Computer 
Ta can 
Closed Circuit Television 
Radar Alti meter (after fall 1970) 
Oscillograph 

3.0 Sensors 

The fo 11 owing sensors are nm-1 schedul ed to be fitted in t he 
CF-100 aircraft. 

3. 1 Vin ten F95 Camera 

3.1.1 Description: Seven cameras, multispectral possibiliti es, 70rrm, Type 2 
Military Sprocket Format, 1 3/4- inch, 3- inch , and 
6-inch focal l ength lenses. One special Leitz Elcan 
3- inch lens with camera and maga zine assembly calibrated 
for infrared. 

3. 1. 2 Physical Parameter Measured : 

Reflected energy of earth features. 
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3.1. 3 Internal Des ign Features: 

Shutter Speeds: 
Cycle Rate : 
f-stops: 

1/ 2000 an d 1/3000 second 
0.5 second to 120 seconds 
l 3/ 4" lens - 22, 16, 11 , 8 , 5. G, 4, 2. 8 
311 lens - 22, 16 , 11 , 8, 5.6, 4, 2 .8, 2 
6" lens - 22 , 16, 11 , 8, 5. 6 , 4 , 2 . 8 

3. 1.4 Speci al Characteristi cs : 

Fi lm : Al l acetate and estar base fi lms 4.0 to 6.0 mils 

Filters: Glass - vJ12 (4) 
25A (2 ) 
29F (1 ) 
39 (l) 

Gel atin - HF3 
HF4 
HF5 

3. 1.5 Data Characteristics: 

8 
11 
12 
23A 
25A 
32 
34 
36 
38A 
47 
58 
64 
808 
85 
89[3 

Film : 100-foot ro 11 s - 460 exposures 

3.1 .6 Spati al Characteri sti cs: 

20 lines / mm - low contrast target 

3.2 Wi ld Heerbrugg RCl O Camera 

3. 2.1 Description : Aerial Survey Camera, 9- inch x 9- in ch format , 
3 1/2- inch foca l l ength (88mm ) 

3.2.2 Physica l Parameter Measured : 

Refle cted Energy of Earth Features 
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3.2.3 Internal Design Features: 

Shutter Speeds: 
Cycle Rate: 
f-stops: 

1/100 to 1/700 second 
0.7 second 
5.6, 6.8, 8 , 11, 16, 22 
22, 16 , 11, 8, 6.8, 5.6 

3.2.4 Spectral Characteristics: 

Filters: Glass - 2 minus blue anti-vignetting 
filters with cut-off at: 

1. 500 nanometers 
2. 700 nanometers 

- 1 clear glass anti -vignetting filter 
- 1 sandwich filter 

Gelatin - HF3 
HF4 
HF5 
36 
47 
58 
898 

3.2.5 Data Characteristics: 

Fil m: 400-foot magazine - 450 exposures 

3.3 HRB Singer Reconofax IV 

3.3.1 Description : A single channel line-scan imaging system that 
quantifies infrared radiant energy emitted from 
the viewed scene. 

3.3 .2 Physical Parameter Measured: 

Infrared radiant energy. 

3.3 .3 Internal Design Features : 

Cooled, mercury doped germanium detector 8-14 micron , 
16 milliradi an resolution (16 ft. resolution for 
an aircraft altitude of 1 ,000 ft.) 

Cooled , indium antimonide detector 3-5 micron 
3 milliradian resolution, (3 ft. resol ution for an 
aircraft altitude of 1 ,000 ft.) 

3.3.4 Spectral Characteristics: 

Records i n either the 8-14 micron or the 3-5 micron 
spectral band depending on the detector used. 
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3.3. 5 Data Characteri s tics: 

Image produced on 70 mm fi lm . 

3.3 .6 Spatia l Characteristics: 

3.4 Hulcher 109 

Viewing Angle = 120° 
Mirror Speed = 120 rps. 

This camera is not yet avai labl e. 

4.0 Participating Agencies 

The agencies participating in t he program are l isted below 
along with t he names, addresses and phone numbers of t he individuals 
concerned . 

4.1 Canadian Department of Agri culture 

Mr . L. E. Phi lpotts 4- 9507 
Farm Management Division 
Economics Branch 
Sir John Carli ng Bldg. 
930 Carling Avenue 
Ottawa 

4.2 The Department of National Defence 

Maj. E. J . Mclaren 5-301 3 - ONO Project Officer 
OC Photographic Deve lopment 
Aerospace Engineeri ng Test Establishment 
Hangar 10 
CFB Uplands, Ottawa 

4. 3 Forest Management Institute , Department of Fisheries and Forestry 
Majestic Bldg., 396 Cooper Street, Ottawa 

Mr . A. Bickers taff, Director 6-1674 

Dr . L. Sayn-Wittgenstein, Associate Di rector 6-1675 

Dr. P. A. Murtha, Project Officer 5-6413 

4.4 Geol ogical Survey of Canada, DEMR 

Mr . V. R. Slaney 4-5697 
Exploration Geophysics Division 
601 Booth Street 
Ottawa 1 , Ontario 
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4.5 Inl and Waters Branch, DEMR 

Dr. J . Kruus 4- 9802 
Groundwater Subdivisi on 
Hydrologic Sciences Division 
No . . 8 Temporary Building 
Carl ing Avenue, Ottawa 

Dr . R. K. Lane 164-9632- 1940 
Head, Phys ical Limnology Section 
867 Lakeshore Road 
P. 0. Box 5050 
Burlington, Onta ri o 

4. 6 Surveys and Mapping Branch, DEM R 

Mr. J . F. Fleming 4-9029 (PPO Project Officer ) 

Mr . J . R. R. Gauthier 4-5216 

615 Booth Street, Ottawa 

5.0 Organi zation 

The organization of the project i s shown i n Fig. 1. 
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THE NASA ERTS SYSTEM ANO POTENTIAL COVERAGE OF CANADA 

R. 0. Ch ipman 
Program Planning Office, Oept. of Energy, Mines and Resources, Ottawa 

Introduction 

The U. S. National Aeronauti cs and Space Admini stration has announced 
plans to orbit an Earth Resources Technology Sate"llite (ERTS) to provi de 
high resolution i mages of the earth on a repetitive basis. The launchin9 
of the first satellite, ERTS- A, i s scheduled for March of

1
1972, to be 

follm"ed about 1 year l ater by an almost identical ERTS-8 . 

The satellite v1ill be placed in a circular, near polar sun-synchronous 
orbit at an altitude of 910 km and wil 1 carry 4 sensors , 3 return beam 
vidicon (RBV) cameras, identical except for spectral f ilters, and a 4-
channel multispectral scanner, an of which will cover the same 185 km 
1·1i de s1vath al on'.! the ground track, t he v·i di cons takin g a series of 
snapshots and the scanner scanning continuously. The ground resolution 
is expected to be 80 - 150 rn. per 1 i ne pair. The i maQery can be recorded 
in the satellite for later transmi ssion or transmitted directly to a 
ground rece iving station where it will be recorded and sent to a central 
data liandl i ng centre to be trans formed i nto hard copy (photography ). 
Correct i ons to make t he i magcry conform geometri cally 1'1itl1 exi sti ng maps 
vii 11 then b2 made and the images , in co 1 or or b 1 ack and white, 11Ji 11 be 
sent eithe r direct ly to users or to speci a 1 i zed data interpretat ion centres . 

The satellite 1-1ill al so have the capability of relaying data from 
remote automatic ground pl atforms such as stream or tide gauges, etc. to 
the receiving stati on on a daily basis. 

The Sensors 

The 3 RBV 1 s 111ill be sensitive in the blue green (475-575 nm.), tile 
rc~d (GW}-680 nm. ), and the near I .R. (690-830 nm . ), and vJill ma ke s imul
taneous expos ures of the same ground area 185 km on a s i de. A spectral 
fi 1 ter, a 211 lens , and a shutter, produce an image l 1

1 square on a photo
conductor during an exposure of 8-l G msec. Tile image is then scanned i n 
4200 lines by an el ectron gun, and the intensity of the reflected be am, 
modul ated by the image, i s meas ured and transmitted in ana logue mode to 
ti1e ~round station. The picture-taking cycle cons i sts of: s i mu ltaneous 
exposure of the three cameras, sequential readout requiring 3.5 secs. for 
each camera, and erasure of the photoconductor and preparation for the 
next image. The tota l cycl e takes 25 sec. during 111hich the satellite 

1The satellites are expected to have a l ifetime of about 1 year. Gene ral 
El ectri c has been named prime contractor for the system, assisted by 
Bendix Aerospace and \.Jolf Research and Developme nt . 
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advances l GO km al onq tile ~wound track q1v,nq an overl ap of l '.W hetwcen 
pi ctures. The reso l ution is expected to be about 80 111 per l ine pair in 
t,1c visib le, and sliohtl y poorer in the infra- red. Liistort·ion uue to 
in11omoqeni t i es in the beam focus in g and deflcctinq fiel ds and deflcctior1 
o F t ile hea111 by the image should be no more th an 1 ~, . The pl1otocond uctor 
1,,i 1 ·1 i1ave a 9ri d of marks wll i ell ,.,. i 11 appear on the i maqe and can lie used 
to determi ne t ile form of the di storti on and the correction. 1,/1 1(:tl1er or 
not such corrections can be done routi ne ly is not yet known. If part of 
tl1e di sto rtion i s systemat·ic , it will 11robab ly Ile poss ible to appl y the 
same correcti on to all images . If the di stortion varies , hm•1ever, it 1·1 ill 
probably be qu i te time-cons uming and expensive to correct. 

The mul tis pectr al scan ner will cover the same 185 km ·.:ide around 
S\lfatil as tile vidi cons, but wi ll image continuously rather than as snap
sho ts. Tire scan across the s1<Jath, i.e. perpendi cular to the motion of 
the satelli te , is provi ded by a mirror rocki ng at 15 hz, and the prog res 
si on of the scan along the track is provi ded by the orbita l motion . The 
radi ation reflected uy the mirror is focu sed by a pair of curved mirrors 
onto a 6 el ement by 4 element array of fiber optic bundl es, each bundl e 
l ooking at a ground el ement 70 m square. Each of these el ements is 
pas sed through a spectra 1 f i 1 ter and into a photomul ti plier. The 6 
e 1 emen ts al ong tile track pro vi de 6 scan 1 i nes re r mirror eye 1 e and the 
four e l emen ts across t:1e track 1 ook at four spectral bands , 5n0-600 11111 . 

(n anomete r ) , 600- 700 nm ., 700-000 nm., and 800-1100 nm. The 24 measure
men ts requi re about 15 mi era-second duri nq 1·:hi ch the mir ror moves a 
dist(lnce 1..0r1 u~ puncling Lo 70 111 on Li re r1round. t.ach 1..yc. le or the mirror 
therefore produces 6 scan 1 ines of about 2500 el ements in eacl1 of 4 
spectral bands, the data be i nq transmitted conti nuously in cyc l es of t il e 
24 elements. To reproduce the imagery, t he 4 spectral Lands must be 
separated, and each must be reorqanized in to individual scan l ines. 

Spacecraft Ori entat i on 

rhe spacecraft 1·1ill be the i~i mhus pl atform and 1·lill µrolJalJ l y !ie 
lau11e11ed by t ile Ue lta-M rocke:t . The spacecraft must have the abi l ity to 
oi.Jtain Lile preci se orbit r equired and to maintain that orbit usi nq gas 
;) repulsion for corrections, wit!, enough gas to last for ut least l year. 

The ori entation of the sate ll ite , wit11 the sensors <1 i rectcd al t he 
nadir , i s ma·i ntai ned l,y ho r izon sensors on the tio ri zonta 1 axes , and !Jy 
a oyro 011 tr1e vertical axis. \.Jf1c n tile att i t ude error rcaci,es 7°. a 
urief i 111pul se i s qi ven to a roornentum whee 1 on the uppropri ate axis l.Jy 
compressed gas. Such corrections are expected 0.very 20-2!:i seconds for 
each axis, cv0.ry 130-l CO km alon 0 the c:iround track . 

For tl ,e vi di cons. 1·1hi ch take snaos110ts. a . 7° error si mply me ans 
t i1a t tire centre of the area viewed \·/ill be displacr. d ly about lC· km from 
til r suL1sate ll ite point , an error that can easi l y be d2termi ned by com
pa ri son v1itl1 mars. 

Fo r the scan ner , ivhi ch irnaqcs continuous ly , ho1·10vf:!r, re l ative 
disnlacemcnts of up to 20 km can occur wi th in a 135 km sa uare frame. 
Si nee the llori zon sensors are not accurate to much :,e ttcr tilr111 n. 5°, 
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there is no way of correcting these errors on t he bas i s of information 
from the satellite unless more accurate orientation sensors are included. 
Correction using maps, however, may be practical. Since t he displacements 
occur due to t he pitch, roll and ya'v, of the spacecraft relatively slowly , 
there will be negligibl e distortion within a scan line and very little 
between closely-spaced scan lines. Since the reaction of the satellite to 
the momentum wheels will be known , it should be possible to compare a 
limi ted number of image points with t he correspondi ng points on a map , 
determine t he correction transformation and apply it to the entire image. 
By t hi s means, it may be possible to correct the scanner imagery to 
within a few resolution elements, but how difficult, expensive, or time
consuming this may be has not yet been determined. 

Thus, ERTS-A will produce two sorts of imagery, return-beam vidicon 
snapshots in 3 colors with possibly uncorrectable errors of up to 2 km, 
and continuous scanner imagery in 4 colors with errors of up to 20 km but 
correctable to within several hundred metres . The scanner also has the 
very significant advantage that the four spectral images, corrected or 
uncorrected, when super imposed, wi ll align exactly since the spectral 
separation occurs after imaging. Since the distortion;in the three 
vidicon tubes will be independent , it will be imposs ibl e to produce good 
color pictures from t he RBV i magery. 

Image Reproduction 

Two devices with the necessary printing speed and resolution have been 
proposed for producing master images from which copies will be made for 
di stribution . A laser beam image recorder consisting of a continuous 
wave laser, an electrically-controlled modul ation cell , a l ens system, a 
rotating multifaceted mi rror to provide t he cross track scan, and a moving 
fil m carrier to provide the progression along the track , can produce 
positive or negative images in a 911 by 911 fonnat. Also proposed is an 
electron beam recorder using an electrically defl ected magnetica lly 
focused electron beam to expose 70 mm fil m from which 911 by 911 copi es can 
be made. 

Si nce both of these devices are still being developed, their speed 
and resolution are not known , but both appear capable of matching t he 
speed, resolution and dynamic range of the sensors. The black and white 
images can be superi mposed with appropriate filters to provide true or 
false color imagery. 

The satel lite will also serve as part of a data rel ay system. 
Inexpensive automatic remote ground pl atforms will collect, record and 
transmit to the satellite for rel ay to the ground, data such as temperature, 
pressure, precipitation , or stream flow. The platforms are designed to be 
as s imple and inexpensive as possible and are therefore equipped for 
transmission only. They cannot be conmanded or interrogated. Roughly 
every 2 minutes, each platform wi ll transmit an 80 bit message burst 
l asting . l sec. In order for t his to be relayed to the ground station, 
both t he platform and the ground station must be in contact with the 
satellite. This will occur from 1 to 3 times every 12 hours depending on 
the location of the platform and the contacts will have an average duration 
of about 5 minutes . During this period of contact, t he message can be read 
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if no other p'latform within range of t he satell ite is transmitting 
simultaneous1y at the same frequency. The inherent frequency differences 
of the inexpensive crystal oscillators, combined with thermal variations 
and doppler shift will often allow si multaneous transmissions to be 
separated by fourier analysis and appropriate filteri ng . With 1000 pl at
forms across the U. S. t here would be less than a 50% probability of 
readi r,g any given transmission but with three ground stations, t he 
probability of reading at least one mess age every twelve hours vJOuld be 
95%. In genera I, Canadian pl atfonns would have somewhat less interference 
than the U. S. platforms, but with only one ground station, the probability 
of one clear transmission every 12 hours would be about 90%. If Canada 
were to use only a small number of platforms, it might be more economical 
to use a more expensive, more accurate platform, which would make trans 
mis sions more reliable and decoding more economi cal . 

The message consists of 80 bits, 11 bits for identification a1lowing 
a maximum of 2048 platforms, 5 bits for synchronization, and 64 bits for 
the message. The maxi mum infonnation t hat can be obtained from a platform 
is therefore 64 bi ts every 12 hours . 

Tt 1 emetry 

The te 1 emetry wi 11 use the Manned Space Flight Network Unified S 
Sclnd (USS ) system around 2.2 Ghz with a narrow band backup in the Sat ellite 
Tracking and Data Acquisition Network (STADAN) around 150 Mhz. 

The command uplink has one channel in each network, of bandwidth 
3. 6 Mhz in the USS and 30 Khz in STADAN. These commands may be effected 
immediately or stored for later action. 

The housekeeping , attitude, sensor perfonnance. and data relay 
infonnation are transmitted on 2 channels, one in each network with 
bandwidths of 5 Mhz in USS and 90 Khz in STADAN . The data relay uplink 
at about 400 Mhz has a 100 Khz bandwidth which al1ows up to 5 simultaneous 
transmissions of 20 Khz bandwidth to be separated. 

The vi di con and scanner i magery wi1 l be transmitted separately on 
two USB channels around 2.3 Ghz \'Jith ban dwid t hs of 20 Mhz. The vidi con 
images are squares with 4200 resolution elements on a si de and are 
transmitted in 3.5 seconds giving a data rate of about 5 million elements 
per second . The scanner data, transmitted continuously, with each element 
spl it into 4 or 5 spectral signals in 8 bit digital format 1t1il1 come down 
at 15 million bits per second. 

The Canadian receiving station is to be located at Prince Albert, 
Saskatchewan which has an unused 80 ft antenna, which can be converted 
to the ERTS system. Prince Albert will be abl e t o receive data from all 
of Canada except the Atlantic Provinces. Data from t hi s area could be 
obtained from the station at the Goddard Space Flight Centre. 

The Orbit 

At an altitude of 900 Km , a satellite would have a frequency of 
exactly 14 orbits per day and would cover the same 14 ground swaths every 
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day . /\t 912 Km, the frequency becomes slightly less than 14 and the 
ground tracks progress vJestward at 1.4° of long·itude per day, 160 Km per 
day at the equator. Si nee the ERTS sensors cover a 185 Km wide S\<J ath, 
success·ive days will provide overlapping coverage, and after 18 days 
the orbits wi ll have progressed westward through 25.7°, the separation 
of consecutive orbits, and coverage of the world wil l be compl ete and 
wi ll begin agai n. 

Si nee t he separation between any b10 orbits decreases as the cosine 
of t he latitude, orbits which are 160 ~TI apart at the equator will be 
11 3 Km apart at 45° , 80 Km apart at 60° and 40 Km apart at 75°. The 
overlap between coverage of consecut·i ve days wi 11 be 14% at t he equator, 
40% at 45°, 68% at 60° and 78% at 75°. With no overlap, compl ete coverage 
of Canada wou ld require about 500 pictures . On the descending side of the 
orbit. the day si de, ERTS will produce about 1500 pictures over Canada 
every 18 days, about 500 from t he provinces, 500 from the mainland 
districts of the terri tories, and 500 from the Arctic Islands. In mid
winter , however, t he sun will be below the hori zon n0rth of about 65° and 
the number of pictures will be reduced by almost 50%. In midsummer, north 
of about 65°, the sun will be above the horizon for the ascending as well 
as the descending orbit and output will increase by al most 50%. 

To s implify interpretation and comparison of imagery, it is desirable 
to keep subsatellite illumination conditions as constant as possible. A 
retrograde orbit inclined at 81° to the equator will precess about the 
earth's axis counterclockwise with a period of one year. This precession 
exactly compensates for the motion of the earth around the sun so that 
the orbit will always mai ntain t he same orientation with respect to the 
earth-sun line. As the earth rotates, every point will pass under the 
satellite orbi t twice a day, once on the day side and once on the night 
side, and these will occur at the same time every day. Since the orbit 
is not quite a pol ar orbit, the times wi 11 vary with latitude, but wi 11 
be independent of longitude and season . The orientation chosen is such 
that, on the descending orbit, the satellite will cross the equator at 
9:30 a.m. Since, in a retrograde orbit , the satellite is moving east to 
\<Jest, it will be moving to progressively earlier subsatellite local time 
as it moves south across Canada, the change of time with latitude being 
greatest in the north. Thus at the northernmost point of the orbit it 
will be 3:30 p.m. on the ground. As the satellite passes over 80°N it 
will be 2 p. m., at 75° 12 noon, at 70° 11 :15 a.m. , at 60° 10:30 a.m. and 
at 45° 10 a. m. 

The solar illumination angle depends on the time of day and season 
of the year. Since the t ime of day at the subsatellite point is dependent 
only on latitude, the illumination angle will be a function of latitude 
and season only and will vary slowly and systematically vlith both. 

Although t he ground swath will cover every point at least once every 
18 days, usable pictures will generally be a good deal l ess frequent due 
to cloud cover. On the average, the probability of a point being visible 
from space is about 50%. The probabi 1 ity of an area "185 Km square being 
cloud free is considerably less. If one is looking at a particular 
feature, a lake or a city, the probability of the feature being cloud 
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free depends on the area, the larger t he area t he smaller t he probability. 
Some users will require entirely cloud free images while others will be 
abl e to use smal l clear areas on partially obscured images . Haze and 
thin cloud cover may distort spectra while allowing pattern recognition , 
and wil l genera lly have a greater effect on t he shorter wavelength 
spectral bands. 

In order to obtain quantitative information on cloud cover, 10 years 
of data from 100 weather stations across Canada has been analyzed to 
determine t he probability of clear conditions as a fun ction of locati on 
an d season. The criterion was that of aerial photography , cloud cover < 
1/10. A cri terion of 2/10 or 3/10 would very roughly double or tri ple -
respectivel y t he probability of clear conditions . A study of arctic 
cloud cover was used to extend t he data into the far north . Fig. 5* 
shows the probability of clear conditions for the vari ous regions of 
Canada on a monthly basis . In Figs . 6 to l~*, Canada has been divided up 
into areas of 340,000 sq . km. (100 ,000 n.mi ) so that each area corresponds 
t o 10 ERTS pictures except the northernmost wh ich is hal f t he area of t he 
others. Fig. 6* shows t he total number of pi ctures t hat wil l be t aken on 
the descending portion of the orbit over each area during a season , i .e. 
in 5 comp l ete cycles of coverage. Figs. 7 to 10* show t he number of cl ear 
pi ctures with the sun at least 10° above the ho rizon that can be expected 
i n each season. Less than 10 pictures would provide poor coverage of the 
area while more than 10 means compl ete or almost complete coverage on a 
seasonal bas is . 

Acknowledgments 

The technical specificati ons for the ERTS system were taken from the 
NASA document Design Study Specifica tions for the Earth Resources Technology 
Satel l ite ERTS-A and B. Permi ssi on to publ ish t his material was given by 
NAS A and i s gratefully acknowledged. Calculations and illustrati ons of 
orbits, solar illumination angle, and cloud cover were done by t he author 
and therefore NASA cannot be held r esponsible for these interpretations. 

*Figures no t s hown in t hi s report 



- 181 -

REPORT ON ORGANI ZATION AND OBJ ECT IVES OF SOI L SURVEY 

A speci al sess ion was spent in di scuss ion on organi zation and 
olJj ectives of soil survey for Canada. Di scussi on leade rs \\1ere J . S. Cl ark, 
Soil Research Institute, C.D.A.; P. J .B. Duf fy, Can adian Forestry Service, 
F. F. ; E. Penner , Uivi sion of Building Research , N. R.C.; R. J . McCormack, 
Canada Land Inventory, 0. R. E. E. ; and \~ . A. Ehrlich, Pedo 1 ogy, C. 0. r,. 

The di scussion revolved around t he need for accel eration and 
expansion of soil survey coverage and i nterpretations of soil s data to 
meet tile requirements of the various disciplines concerned vlith t he use of 
land . Attention was also given to t he present roles of various groups 
concerned w·ith soil surveys and the possibilities of v1orkin9 1,11ith others 
on a cooperative basis. 

Some of t he points di scussed relevant to soil survey follo1,11 : 

It was poi nted out that the federal soil survey, bei ng within the 
uepartment of Agriculture , is not encouraged to survey l ands t hat have 
no farming potenti al. For this reason it was indicated that other 
depar tments, parti cul arly Fi sheries and Fo res try, were compell ed to 
establish gro ups of their own to pr ovide soil s information on areas wi thin 
their res ponsi bili ty. This development of new soils groups to do surveys 
is considered undesirabl e by t he C. S.S. C. but is understood when t he 
needed informati on is no t obtainable in any other way . 

It was cons idered that t he f un ctioni ng of soil survey groups 
operated by different departments i s more costly and l ess efficient t han 
one unit with comparabl e capabi l ities . It is thought to be more costly 
because of dupli cation in coverage of some areas, and to be l ess efficient 
because di fferent groups tend to use different or modifi ed systems t hat do 
not permit adequate corre l ation with each other. Also new groups, in 
genera 1 , have 1 ess soil s urvey txperi ence with t he res ult that t hey 
produce l ess rel i ab l e information t han the experienced group . 

With these t houghts i n mind t he members of t he C.S .S. C. and some 
foresters in attendance felt t hat a central agency respons ible for soil 
surveys i s needed . It was proposed t hat departments who have need for 
thi s ki nd of information share some of t he costs . Additional costs would 
be incurred because an i ncrease of staff and facilities would be required 
if the needs of the various departments are to be satisfied within a 
reasonabl e l ength of time. 

Reference vJas made to admini strative contr ol. It was fe lt that all 
federa l survey units and correlation staff be under t he Soil Research 
Institute to a 11 ow mo re fle xibility and more cooperation in operation 
between provinces . A suggested alternative to the proposal made was 
secondment of the federa l soil survey staff to a department such as 
Energy , Mi nes and Resources or some othe r department whose mai n concern 
is the natural resources of Canada. 

Two other points received attention and they are soil carrel ation and 



- 182 -

i nterpretations of soi l i nfo rmati on. 

The suL,ject of correl ation was report ed earl ier at th i s mecti ng and 
t o recapitula te it was agreed i n a canvass of al l s urvey uni ts, provinci al 
and federal , that correlation within and between provinces and regions •.vas 
i nadequate. They Li l amed t his in adequacy on a shortage of correlators. I t 
was considered t hat a min i mum of four is requi red for interprovinci al f i eld 
correlati on; that i s, one for l3ritish Columbia and Al berta, one fo r 
Saskatci1e1·1an and Manitoba, one fo r Ontario and Quebec, and one for t ile 
~aritime Provinces. It was al so i ndi cated t hat an organization for 
corre l ation was needed withi n t he provinces, particular ly in t hose with 
separate provincial and federal survey units. The latter problem, hov-.,evcr, 
is not considered to be serioL1 s. It is fe lt t hat this can be satisfac
tori ly v,orked out 1·1ithi n the res pecti ve provinces. 

Another probl em pointed out was that the corre 1 a tor llas no autllority 
over tile federal units in provi nces administered by research stations and 
t hus his effecti veness i n obtaini ng uniformity can be impaired. The 
matter of autl1ority for t he carrel a tor, however, v,ou l d be circumvented i f 
a si ngle admini stration was in effect for all fede r al units. 

The need for more i nterpretati on s of soi l s information for various 
purposes, par ticularly in agriculture, forestry and soil mechanics, was 
expressed by various members and approval was received from t he committee 
for greater efforts along t hese lines. 

It ~·,as fe 'Jt that t ile survey uni ts, notwi ths tan ding thci r knov1l edge of 
agriculture, did not orovide nearly eno ugh interpretive information in the 
soil repor t s for users in the agricultural f i eld. Interpretations for 
agr i culture t hat ~vere specifi ed were crop yie ld assessments, soil rati ngs, 
soil , crop and grazi ng capabilities, soi 1 management, and i r ri gati on 
pot1.:nti a 1. 

For interpre t ations fo r forestry, it was cons i dered t hat those survey 
units without experti se in fore~try woul d need assistance. It was pointed 
out t11at an attempt would be made for cooperation i n interµretat ions 
lie tv,c r::11 tl1e two departme nts concerned. At prese 11 t three provin ces ar•2 
proviJinu producti vity and capability cl assifications. 

Ti,e discussion on soi 1 interpretations for engi neeri ng us es recei vcd 
cons i dcraul c attent ion. THo persons in tile enginee1·i n9 fie .Id v1ho attended 
i.ne 111eeti ng felt that cooperati ve arrangements could [,e rnade Letween 
enginec~rs and soils me n s imilar to t ile one !Jetween the univers ities of 
Gue lph and Waterloo. Three survey units have some cooperative arranqements 

\>Iii th enr1ili eeri ng departments. 

Otl1er i 11 terpretati ons tl1at recei ved some attention from the qroup 
1·1ere land capabiliti es for wildlife and recreation. To the present time 
the survey groups , wi t h the exception of the provincial soils group in 
Griti sh Columui a, have not act i vely t aken part in interpretations in t hese 
f i el ds. In th i s matter t he C.S.S.L. 1,,as not prepared at t his time to make 
recommendations. 

t.Jitil reference to the recommendat i on by the C.S.S.L. members for an 
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Interpretation and National Correlation Service recorded in the report on 
Soil Correl ation, it is felt that this matte r should rece ive full support 
from all con ce rned if we are to embark successful ly on \'Jide scale interpreta
tions . It i s evident to all of us that interprovincial correlation in 
soils and in interpretations is essential if the data available are to Ge 
meanin gful from one provi nee to another. For the se rvice referred to , it 
is considered necessary to have expertise in agronomy , forestry, soil 
mechanics (including hydrology) , remote sens ing , storage and retrieval of 
data ,and soi 1 carrel a tors. It is expected that prioriti es 'in s urveys and 
in interpretations will change from ti me to time and ad justments will have 
to be made to s uit the needs. 
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REPORT ON MONOGRAPH ON SOILS OF CANAUA 

W. A. Ehrlich 

At the 1968 N. S.S.C. (now C.S . S.C. ) meeting in Edmon ton a resolution 
was passed that the national committee be responsible for the preparation 
of a monograph on the Soils of Canada. The resol ution also reco1Tme nded 
that an editorial board be selected to plan the preparation of this 
monograph . To get the project under way , t he national conmittee chairman , 
with guidance, selected an editorial board consisting of the following: 
H. J . Atkinson, R. W. Baril, W. E. Bowser, D. B. Cann , J . S. Clark, 
J. S. Clayton , J . H. Day, A. Leahey and P. C. Stobbe . 

Four meet"ings were held to decide on t he format for the monograph 
and tl1e procedure to be fol lowed. The format proposed is as fol 1ows: 

(1) Introduction . 

(2) General description -
(a) Location and extent; (b) Relief and drainage; (c) Geology; 
(d) Climate; (e) Vegetation . 

(A section chainnan will be responsible for the preparation 
and editing the subsections under general description.) 

(3) Soi.I formation - concerned with soil-forming factors. 

(4) Soil classification - concerned with cl assification and 
descriptions of the soils des ignated on the map . 

(A section chairman will be respons ib le for obtaining some 
degree of uni formity in style and descriptions prepared 
under section 4.) 

(5) Appendix - to include tabul ar descriptions and analytical 
data of the 33 profi les, al s o the s tati stics on land use and 
a glossary on soil terms . 

Tvm aspects pertaining to the project are under ~·,ay - the coll ection 
and analyses of representative soi l profiles and tile preparation of tl1e 
Soil Map of Canada*. Some progress on the soil profil es (3 3 in all) has 
been made but no t as much as had been hoped. The Soil Map of Canada is 
nearly complete. This map will have an expanded type of l egend providing 
most of the important information so that a text wi 11 not be essential . 
The legend includes: (1) map symbols of the Canadian and equivalent 
World unit; (2) subgroup both dominant and subdominant; (3) major physical 
characteri sti cs; (4 ) physiography; (5) climate; (6) land use ; (7) extent 
(square mil es ); (8) l ocation (map gri d) ; and (9) reference to source and 

*Thi s map wi 11 be a rep l ica of t he one to be used by FAQ/UNESCO for the 
Soi l Map of the World . 
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reliability of information . 

The editorial board also discussed the possibilities of includi ng 
sections on ferti lity, soi l capability and forestry . After some debate 
it was concluded that this type of information would be too general to 
be s ignificant. It was proposed, however, t hat reference to fertility, 
limitations and problems in l and use be included in the descriptions of 
the great groups . 

Autho rs have been selected by the board for t he various parts to 
be written . Dr. H. J . Atkinson has volunteered to undertake the editing 
of styl e and grammar of the monograph. He has had a great deal of 
experience in this field and we are indeed fortunate to have him. 

Before the new year it is hoped to have the authors assigned for 
the ct ·ifferent sections of this report. 
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RESOLUTIONS 

C.S.S.C. Meeting 

1970 

1 . Be it resolved that the Canada Soil Survey Committee express the 
sincere appreciation of its members to Messrs. Ehrlich, Clayton, 
Clark, Day and McKeague, and to their wives, for their hospital 
ity on the occas ion of the social evening at Dr . Ehrlich ' s home . 

Moved: C. A. Rowles 
Seconded: D. Rennie 
Carried 

2. Be it resolved that the C.S.S. C. express its sympathy to Dr. A. 

3. 

Klingebiel, who was unfortunately called home on learning of 
the death of his brother. 

Moved: D. Rennie 
Seconded : C. A. Rmdes 
Carried 

Be it resolved that t he c.s. s.c. express to: 

a ) w. E. Bowser 
b) L. J. Chapman 
c) w. Odynsky 
d) R. E. Wicklund 

its appreciation for their many years of service on the Committee 
and our regrets at not seeing them and renewing acquaintances at 
t his , our eighth meeting . 

Moved: D. Renni e 
Seconded: C. A. Rowles 
Carried 

4. Whereas, in the op1n1on of some of our members, simultaneous translation 
of our reports and deliberations is of prime importance if we are 
to make the best use of the abilities of our French-speaking 
colleagues, 

Therefore, be it resolved that simultaneous translation services be 
provided at al l the eastern regional and national meeti ngs of the 
c.s .s.c. 

Attendu , de l'avis de plusieurs membres du comit~ canadien de la 
classification des sol s, que l a traduction si mul tande est de 
premiere importance pour nos deliberations si l 'on veut profiter 
pleinement de la coll aboration competente de nos collegues de 
l angue francaise . 

$ 
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Nous proposons qu'un service de traduction simultanee soit assure' a 
toutes les reunions regional es de l ' est du Canada ainsi qu' a 
toute les reunions du comite' canadien de cl assification des so ls . 

Moved: 
Seconded: 
Carried 

LJ. W. Hoffman 
J . Hilchey 

5. l~hereas the Plenary Session of the C.S. S.C., meeting on October 21 , 
expressed appro val for t he establis hment of a National Soil 
Correlati on and Soil Resource Interpretation Service, 

Therefore, be it resolved t hat the C.S.S . C. forward to C.A.S. C.C. 
a request t hat the development of t hi s service be supported . 

Moved : 
Seconded: 
Carried 

J . S . C 1 ay ton 
T. W. Peters 

6. Be it resol ved that the C. S.S.C. establish a committee to assess t he 
advantages and disadvantages of adopting the U. S. system of 
soil classification. 

Moved : L. Farstad 
Seconded : J . A. McKeague 
Carried 
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CANADA SOIL SURVEY COMMITTEE 

On July 9, 1969, the name of this committee was changed from 
National to Canada Soil Survey Committee. The National Soil Survey 
CommHtee was established by the National Advisory Committee on 
Agricultural Services in May, 1940. Si nce that date national 
meetings were held in 1945, 1948 , 1955, 1960, 1963, 1965 , 1968 and 
1970. 

TERMS OF REFERENCE 

To act as a coordinating body among t he soil survey organizations 
in Canada supported by the Canada Department of Agriculture, 
pro vi nci al departments of agriculture, research councils , and 
departments of soil science at universities . Its functions include: 

1. Improvement of the taxonomic classification system for Canadian 
soils and revisi on of this system because of new information. 

2. Improvement of the identification of the physical features and 
soil characteris tics used in the descri ption and mapping of 
soil s. 

3. Review of methods, techniques and nomenclature used in soil 
surveys and recommending changes necessary for a greater measure 
of uniformity or for their imp rovement . 

4. Recommending investigations of problems affecting soil clas 
sificati on, soil formation, and t he interpretation of soil 
survey information . 

5. Recommending and supporting investigations on interpretations 
of soi l survey information for soil ratings, crop yi eld assess 
ments, soil mechanics and other purposes. 

6. Cooperating with specialists in soil fert"ility, agronomy , 
agrometeorology, and other disciplines in assessing interrelated 
problems. 
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