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Abstract

Traditional hydrologic research concerns the runoff chara;ter-
istics of the individual drainage basin. This study describes the
hydrology of Vancouver Island of the months of January and July, on
a regional scale, by integrating seven hydrologic factors into fifty-
seven hydrologic subcycles., In this study, each of the hydrologic
subcycles is located and analyzed, and then discussed in reference

to temporal and spatial interaction,




Table of Contents

Page
Chapter 1 Introduction 1
Need and Purpose of the Study 1
Methodology 5
A Comparison Between the Derived Subcycle Method and.
Traditional Hydrologic Studies 10
Chapter 2 Compilation of Hydrologic Subcycle Maps 16
Nature of the Data 16
Precipitation 16
Vegetation 17
Soil 19
Potential Evaporation Rate 20
Slope - 21
Permeability of the Parent Material 22
Problems Encountered with the Basic Data 23
Validity of the Data 25
Transfer of Data from the Source Maps to the
Hydrologic Maps 25
Chapter 3 Resultant Subcycles 27
Number and Frequency of Occurrence of Subcycles 27
Classification and Grouping of Hydrologic Subcycles 30
Taxonomic Key for the January Subcycles 32
Taxonomic Key for the July Subcycles 45
Chapter 4 Temporal Interaction of Subcycles 57
Area 1 57
Area 2 60
Area 3 62
Area 4 64
Area 5 64
Area 6 67



Page

‘Chapter 5 Spatial Interaction of Hydrologic Subcycles ) 70
January Spatial Interaction ; Wy, s ' 70
July Spatial Interactidnr 3 - A ' N .
Chapter 6 Conclusion ] ) : 74
Deficiencies of the Study V 74
Contributions of the Study .. - af g Bl B 75
Bibliography e 77
Appendix I 78
Soil Group #2 . 78
Soil Group #3 ' 83

Soil Group #&4 86



Table 1

Table 11

Figure 1
Figure 2

Figure 3

List of Tables

Impossible Combinations

Number of Cycles and Frequency of Occurrence

List of Figures

The Hydrologic Cycle
Components of the Discharge Hydrograph

Stanford Watershed Model IV flowchart

Page

28, 29

11

13



Map 1
Map 2
Graph
Map 3
Graph
Graph
Map 4
Graph
Map 5
Graph
Map 6
Gréph
Map 7
Graph
Map 8
Map 9
Map 10

Map 11

List of Illustrations

Location Map of Vancouver Island

Area

Area

Area

Area

Area

Area

Fold

Fold

Fold

Fold

1

9

6

Out Map of January Subcycles
Out Map of July Subcycles
Out Map of January Moisture Supply

Out Map of July Moisture Supply

59
61
61
61
63
63
65
65
66
66
68
68
87
88
89

90



Maps Bound Separately

January Hydrologic Subcycles

July Hydrologic Subcycles

January Precipitation

July Precipitation

January Vegetation

July Vegetation

Soil

January Potential Evaporation Rate
July Potential Evaporation Rate
Slope .

Permeability of the Parent Material
January Runoff

July Runoff

January Moisture Supply

July Moisture Supply



viii

Acknowledgement

Appréciation must be extended to Dr, Fyles, of the Department of
Mines and Petroleum Resources, Victoria, B. C., and to Mr, G, Harris,
of the British Columbia Forest Service, Victoria, B. C., for their
help in the interpretation of source maps. A special thanks of appre-
ciation is extended to Dr, Paul Juncker for his untiring guidance in
the research and writing of this thesis, and especially for his con-

stant faith in its completion,



Chapter 1 Introduction

Need and Purpose of the Study

The fundamental base of the science of hydrology is the hydrologic
cycle. Hydrologic texts normally discuss the hydrologic cycle in
general terms by listing those factors which comprise the basic cycle,
with the discussion commonly followed by a chart or diagram (Figure 1).
Even those factors which comprise the hydrologig cycle are not readily
agreed upon, For example, on a world scale, Barry designates that hy-
drologic studies are concernedrﬁith the exchanges of water in the
following stages of the hydrologic cycle: evaporation, moisture trans-
port, condegsation, precipitation, and runoff.1 Accdrding to Linsley,
Kohler, and Paulhaus, the factors contributing to the hydrologic cycle
on a meso-scale are: potential evapotraﬁspiration (amount and time),
evaporation, precipitation (amount; time and form), interception, runoff,
interflow, soil storage, percolation, and ground water storage.2 For
micro-scale studies (drainage basins), Wilser and Brater suggest the
inclusion of such additional factors as: area of basin, shape of basin,

slope, drainage network type, and vegetation (use rate and density).

) . G. Barry, '"The World Hydrologic Cycle'", Water, Earth, and Man,
J

R
R. J. Chorley (ed.), (London: Methuen and Co. LTD., 1969), p. 13.

2., R. K. Linsley, M. A. Kohler, and J. L. H. Paulhaus, Applied Hydro-
logy, (New York: McGraw Hill, 4949). .
3. C. O, Wisler, and E. F, Brater, Hydrology, (2nd ed.; New York:



Fig. 1. The hydrologic cycle.

Read diagram counterclockwise.

Source: Wisler and Brater, Hydrology, p. 3
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The hydrologic cycle has many subcycles depending upon the combi-
nation and variation of the contributiﬁé factors. Since the hydrologic
‘cycle is the foundation of hydrology, one ypuld assume that determina-
tion, class;fiéation, and location of these'subcyélés wou 1d beVA'pte-
requisite for fﬁrther hydrologic studies. A regional classification
of river re;imes,r;r hydrélogic regions has been attempted by
Beckinsale, who divides the world's rivers into megathermal regimes,
mesothermal regimes, microthermal regimes, and mountain regimes.4 This
classification of hydrologic regions by Beckinsale, shows a recognition
of the relationships between climate, vegetation, soils and rock struc-
ture, basin morphometry, and hydraulic geometry; but a closer analysis
reveals a simple correlation between climatic regions and hydrologic
regions, Others have recognized the many various subcycles which occur
throughout the world.5 Usually, these discussions briefly describe
several regions and then present a typical annual hydrograph for each
of the respected regions, Other current research in hydrology involves
detailed regional studies, for example, "Grassland Hydrology in a
Karstic Region of Southern Australia",6 or "Runoff from Small Peatland

7
Watersheds". The two approaches to regional hydrology mentioned above,

that is, presenting brief descriptions from various regions of the

4, R. P, Beckinsale, "River Regimes', Water, Earth and Man, R. J.
Chorley (ed.), (London; Methuen and Co, LTD., 1969), p. 455-471,

5. J. P. Bruce, and R, H. Clarke, Introduction to Hydrometeorology,
(London: Pergamon Press, 1966), p. 50.

6. J. W. Holmes, and J. S. Colville, "Grassland Hydrology in a Karstic
Region of Southern Australia", Journal of Hydrology, X, No. 1
(January, 1970), pp. 28-58.

7, P. R, Bay, "Runoff from Small Peatland Watersheds", Journal of
Hydrology, IX, No, 1 (September, 1969), pp. 90-102,



world or studying a small argaAiq_detail, explose 'a large discontinuity
between the two studies: in each approach, only a small number of the
possible hydrologic subcycles, which can occur, are discussed.

Other aspects of recent hydrologic research have involved applying
sophisticated models to the drainage basin hydrologic cycle. According to
More, the drainage basin hydrologié cycle and its relationship to the con-
tributing factors has been "studied inufive main ways: by natural analo-
gues, hardware models, synthetic systems, partial systems, and the black-
box approach."8 In each of the mentioned models there is a need for a
greater understanding of the factors which constitute the drainage basin
hydrologic cycle. For example, More's conclusion of the "“black-box" ip-
proach is "because of the complexity of the cycle and the variations of
its components from time to time and from area to area it is difficult to
find general mathematical expressions relating rainfall and runoff for a
given basin ..."9 Simply stafed, the limiting factor of each of the five
models is the lack of information pertaining to the physical features of
the drainage basin, In discussing other mathematical models, Huggins and

Monke state:

... Obviously the overall accuracy of the models depends upon the
ability of the functional relationship of hydrologic components to
describe their respective phenomena. Unfortunately, hydrologic re-
search has not yet produced reliable, quantative description of
several of the hxarologic components needed for a comprehensive
watershed model,

It is -evident-from the above discussion that hydrologists are not

satisfied with the present knowledge concerning variations of the hydro-

8. R.F. More, "The Basin Hydrological Cycle," Water, Earth and Man, R. J.
Chorley (ed.), (London: Metheun and Co. LTD., 1969), p. 70.

9. 1bid., p. 75.

10, L.F. Huggins, and E.J. Monke, "A Mathematical Model for Simulating the
‘ Hydrologic Response of a Watershed," Water Resources Research, IV,
No. 2 (June, 1968), pp. 529-539.




logic cycle, Simulative systems and mathematical models demand a
greater depth of knowledge about the factors of the hydrologic cycle
and their degree of interrelatedness. A holistic approach is needed
for a comprehensive knowledge of the hydrologic cycle, and this is
partially achieved by knowing which factors vary temporally and spa-
tially. The purpose of this study is to locate and analyze, with the
aid of maps, those various hydrologic subcycles which occur on
Vancouver Island for the months of January and July.

It is the author's belief that to study the hydrology of a region
requires Ackerman's fundamental approach to geography, which he states
as, '"the difference of the content of space on the earth's surface and
the analysis-of space relations within the same universe."ly Also this
should be considered ffundamental research™ in that:

fundamental research need not necessarily be law-giving. An

important characteristic would seem to be the capacity, or

promise, of such research for furnishing materials with which
further advances may become possible,12
Before further hydrologic decisions and policies are implemented in-

volving Vancouver Island, the various hydrologic subcycles need to be

considered; it is hoped this study can provide such a base.

Methodology

A major part of this study involves the compilation of the first
hydrologic subcycle maps of Vancouver Island for the months of January

and July. The derivation and classification of the hydrologic subcycles

11. E. A. Ackerman, Geography As a Fundamental Research Discipline,
Department of Geography Research Paper No. 53, University of
Chicago (Chicago: University of Chicago Press, 1958), p. 8.

12, 1bid., p. 17.



for the maps is based upon the hydrologic'typology developed by
Juncker.13 The basic cycle factors considered are: precipitation,
vegetation, soil, potential evaporation, slope, permeability of the
parent material, and runoff., Furthermore, each of the components are
divided according to assigned values (as they occur on Vancouver Island)
in the following manner:

1. Precipitation

A, Value 1 (no substantial precipitation) represents lesé than
one inch of precipitation recorded for the month.

B. Value 2 (moderate precipitation) represents between one
and eight inches of precipitation, in solid phase, ré-
corded for the month,

C. Value 3 (moderate precipitation) represents between one
and eight inches of precipitation, in liquid phase, re-
corded for the month.

D. Value 4 (heavy precipitation) represents over eight
inches of precipitation, in solid phase, recorded for
the month,

E. Value 5 (heavy precipitation) represents over eight
inches of precipitation, in liquid phase, recorded for
the month,

2. Vegetation

A. Value 1 represents no substantial vegetation which would

influence the local hydrology, or stands which are

dormant (below 40 F),

13. P. Juncker, "Towards a Hydrologic Typology'", (Unpublished manu-
script, University of Victoria, 1969).



B. Value 2 represents shallow rooting vegetation, grass and
trees,with ligh density per unit of area.14
C. Value 3 represents shallow rooting trees with heavy
density per unit of area.
3. Soils
A. Value 1 represents no soil,
B, Value 2 represents shallow soil with low moisture holding
capacity and high infiltration rate.
C. Value 3 represents shallow soil with high moisture
holding capacity and low infiltration rate,
- D, Value 4 represents shallow soil with high moisture holding
capacity and high infiltration rate.
4, szential Evaporation Rate
A, Value 1 represents low potential evaporation rate, which
is defined as a mean monthly average temperature below 50 F,
B. Value 2 represents high potential evaporation rate, which
is defined as a mean monthly average temperature of 50 F,
or above,
5. Slope
A, Value 1 represents even to gentle slope, or six percent
slope gradient or less (a full discussion on the deriva-
tion of this value is presented in chapter two).
B, Value 2 represents moderate to steep slope, or a slope

gradient above six percent,

14,

Dr, Fyles, (geologist with the Department of Mines and Petroleum
Resources, Victoria, B. C.), in an interview during October, 1969,
suggested all soils on Vancouver Island be considered shallow;
therefore, all vegetation on Vancouver Island must be considered
shallow rooting. -



6. Permeability of the Parent Material
A, Value 1 represents permeégle parent material,
B. Value 2 represents impermeable pa?gnt material,

7. R;noff
A, Vélue 1 represents no significant runoff; which occurs
where there is no precipitatibn, light precipitation and
high potential evaporation rate, or where solid phase
precipitation occurs in either light or heavy amounts.

B, Value 2 represents light runoff, which occurs where there
is moderate precipitation and low potential evaporation
rate,

C: Value 3 represents heavy runoff, which occurs where there
is high precipitation, in liquid phase, and low potential
evaporation rate,

Impossible combinations of factors are those which logically can-
not occur in the real world., Table 1, lists those combinations which
do not exist on Vancouver Island; although it should be noted these im-
possible combinations are restricted to Vancouver Island and other
regions would have different impossible combinations, for example, steep
slope and shallow soil does not occur in the Coast Range of British
Columbia,

The compilation of the final hydrologic subcycle maps for January
and July involved assessing factor values from basic source maps; then
transferring these values to computer cards which were then combined by

the university computer into various subcycles. The compilation of the

final hydrologic subcycle maps is further discussed in Chapter two, but



Table 1

Impossible Combinations

Component and Assigned Values -~ . Inadmissible Components

No Precipitation (1) Light Vegetation (2)
Heavy Vegetation (3)
Light Runoff (2)
Heavy Runoff (3)

Light Precipitation (3) ' Heavy Vegetation (3)
Heavy Runoff (3)
Light Vegetation (2), Low Moisture
Holding Capacity (2), Low Evapo-
: ration (1), Low Slope (1),

: Light Vegetation (2), Low Moisture
Holding Capacity (2), Low Evapo-
ration (1), Medium to High Slope
(2), No Runoff (1)

High Precipitation (5) Low Infiltration Rate (4), Light
. : Runoff (2)
Medium to High Slope (2), Light
Runoff (2)

No Soil (1), Low Slope (1), Per-
meable Parent Material (1),
~ Heavy Runoff (3)

Solid Phase (2 and 4) Light Vegetation (2)
.. o ~ Heavy Vegetation (3)
' - High Evaporation Rate (2)
Light Runoff (2)
"Heavy Runoff (3)
No Soil (1) Light Vegetation (2)
Heavy Vegetation (3)
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it is important to emphasize that this study would have been im-

practical without the use of a computer,

A Comparison Between the Derived Subcycle Method

and Traditional Hydrologic Studies

The difference between traditional hydrology and the approach
takéﬁ'by this study is emphasized by comparing the resultant informa-
tion derived from hydrographs to the information obtained from the
classification of hydrologic subcycles. The primary tool of the hydro-
logist is the discharge hydrograph, which may or may not be derived
from a digital model,

The discharge hydrograph (Figure 2) expresses graphically, by
plotting discharge against time, the sequence of relationships which
exist between runoff and the other factors of the water balance, to-
gether with their adjustments to the physical characteristics of the
basin.15 Since precipitationrisbﬁéually irregular in occurrence and
intensity, the discharge hydrograph for most rivers is composed of
many irregular fluctuations super-imposed on a gently undulating curve.
These two sets of curves represent storm runoff and ground water dis-
charge. |

The factors which control.thé.ﬁjdfograph are permanent or transient
in nature. The permanent factors are generally the physical features
of the drainage basin, for example, basin area, basin shape, basin

elevation, basin slope, and drainage network, Transient factors are

15, J. C., Rodda, "The Flood Hydrograph'", Water, Earth and Man, R. J.
Chorley (ed.), (London: Metheun and Co. LTID., 1969), p. 405.
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climatic factors or factors influenced by climatic conditions, for
example, precipitation (time, intensity, and phase), evaporation rate,
vegetation, and land use. Although the factors which influence the
characteristics of the hydrograph are, for the most part, readily re-
cognizable, Rodda states '"relatively few studies have aimed at establish-
ing quantitative relations between the flood and these factors".16
Many problems are encountered when trying to apply a single term to an
easily quantifiable factor of the hydrograph. For example, it is obvious
the larger the area of the basin, the greater the amount of rain it
intercepts, but it must also be considered that larger basins are
usually less steep than smaller ones.17

Recent-research in hydrology has incorporated the use of digital-
models for the purpose of runoff prediction (Figure 3). The models
differ from the discharge hydrograph, which is limited to a particular
aspect of runoff and its control, in that they imitate all the processes
involved in the water basin balance by using programs designed to re-
produce the factors of the entire physical system. The majority of-the
models have two functions; to convert rainfall and potential evapotran-
spiration into runoff, and then to transform runoff volumes into dis-
charge hydrographs.18 The limitations of the results obtained from the
digital-models lies not in the approach or technique used. Instead it

is as Rodda expresses, "like all other approaches that aim at an under-

16. J. C. Rodda, Ibid, p. 406

17. 1bid., p. 409,
18. 1Ibid., p. 417.
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standing of the controls of the flood hydrograph, its limitations lie
mainly in the veracity of the basic data".19

In contrast to the discharge hydrograph and digital-models, the
classification of hydrologic subcycles does not attempt to explain
river discharge and its relationship to drainage basin characteristics
with the use of graphs or models. As previously stated, the classifi-
cation of hydfologic subcycles inLegrates those facto;s which contribute
to the hydrologic cycle temporally and spatially., Oneof the most appa-
rent differences between the hydrograph and the subcycle approach is
the limited scope of the hydrograph, that is, the discharge from a
single river, while the classificqtion‘bf subcycles can be confined to
a single drainage basin or encompass an entire continent, . Another im-
portant»advantage deriving from the ciassifiéatioﬁ'of hydrologic sub-
' cycles is the application of the resultant information to discipliﬁes
other than hydrology. Because of the nature of the dischérge hydrograph,
its utility is restricted to mainly hydraulic engineers. While hydraulic
engineers can-utiliZe the hydrologic Subc&éle approach, the information
derived from the subcycles can be used by geographers, soil scientists,
geologists, agronomists, foresters, etc, The wide spread utility of the
hydrologic subcycles is possible because it combines a broad range of
the physical features which éomprise the earth's land mass,

The foregoing discussion on discharge hydrographs and digital-

models reveals that further research is needed to understand the factors

of the hydrologic cycle in respect to their location and seasonality.

19, J. C. Rodda, lbid,
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Possibly this study will lead to a clear understanding of those factors
which contribute to the hydrology of Vancouver Island, by classifying

the factors into subcycles and analyzing their interaction temporally

and spatially.
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Chapter 2 Compilation of Hydrologic Subcycle Maps

Nature of the Data

Those factors which comprise the hydrologic subcycles are two-
fold in nature: soil, slope, and permeability of the parent materiél
are considered to be permanent factors; while precipitation, vegetation,
potential evaporation rate, and runoff are considered variable, that is,
subject to seasonal change., The data required to compile the hydro-
-logic subcycle was obtained from various source maps representing the
physical environment of Vancouver Island. The permanent factors re-
quired only one source map, while the variable factors required at
least two, one for January and one for July. This chapter explains
what source maps were used to obtain the data for each factor and in-
cludes a discussion on what decisions were made when discrepancies
arose concerning the information depicted by the source maps. The
chapter is concluded with a discussion explaining the validity of the

data and how it was transferred to the final hydrologic subcycle maps.

Precipitation

The source maps used for precipitation data were the Climatic maps
of Canada, published by the Meteorological Branch of the Department of
Transportation, in 1967. The map titled, Mean Monthly Amount of Preci-
pitation for January (series 2, sheet 1), discloses that Vancouver
Island is divided into two valueé, According td Ehe classifiéation pre=
sented in chapter one, that is, the southeast part éf.the Vancouver

Island receives between one and eight inches of precipitation during




January (value 3), and the remainder of the Island receives over eight
inches of precipitation.

To determine the phase of precipitation, the ten inch isoline on
the Average Remaining Snow Depth map for April first was used. This
map had to be consulted to determine the phase because a map depicting
the 32 F. isotherm for January was not available, and a January snow
depth map has not yet been compiled. The ten inch isoline of average
remaining snow depth for April first, provides a conservative estimate
of where only solid phase precipitation occurs during January. With
the further division into phase, Vancouver Island, has two more pre-
cipitation values for January, that is, moderate precipitation (one to
eight inches) in solid phase (value 2), and heavy precipitation (over
eight inches) in solid phase (value 4).

Only one source map, Mean Monthly Amount of Precipitation for July
(series 2, sheet 4), was needed to determine the precipitation values
for July. Approximately ninety percent of the Island, all except the
southeast portion, receives between one and eight inches of precipita-
tion in liquid phase during July, and therefore has a value of 3. The
extreme southeast portion of Vancouver Island receives less than one

inch of precipitation and has a value of 1.

Vegetation

Vegetation values for Vancouver Island were derived from the Fores

Inventory summaries of British Columbia, which all of Vancouver Island

17

t
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is represented by combining the following maps: |

Number 1 Index Map 92 B/NW B/SW
Number 2 Index Map 92 C/NW C/NE C/SE
Number 3 - Index Map 92 E/NW E/NE E/SE
Number & Index Map 92 F/NW F/SW
Number 5 Index Map 92 F/NE F/SE
Number 6 Index Map 92 G/NW G/SW
Number 26 Index Map 92 K/NW K/SW
Number 27 Index Map 92 L/NE L/SE
Number 28 Index Map 92 L/NW L/SW

This series of maps was used because it covers the Island in greater
accuracy than other existing vegetation maps of Vancouver Island, Their
deficiency is that they are primarily compiled for use by logging com-
panies to determine what stands of timber are mature enough for cutting;
therefore, the classification used to describe the vegetation is not
necessarily the most desirable for discerning the influence of vegeta-
tion on hydrology.

Almost all the vegetation on Vancouver Island is dormant (as deter-
mined by the 40 F, isotherm) during January, except for the northwest
tip of the Island and a few promontories of the west coast. Vegetation,
for July, is assigned to following values as represented by the forest
inventory maps: value 1 represents no substantial vegetation, this
value is generally reserved for areas over 5,000 feet in elevation;1
value 2 represents 'not satisfactorily restocked areas, non-productive
forests, and non-forested lands'; value 3 represents 'mature timber,

immature timber, and non-commercial stands', Generally, mature timber

l, "At higher elevations this forest gives way to amabilis fir...which
in turn merges into alpine tundra and bare rock outcrop at the
higher elevations (5,000 to 6,000 feet).'" The Vancouver Island
Bulletin Area (Department of Lands, Forest and Water Resources,
Victoria, B, C., 1967), p. 17.
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refers to stands over 120 feet in height, while immature timber refers
to stands under 120 feet in height, although the density is considered
to be the same;2 for this reason, immature timber is assigned a value

of 3.

Of the seven factors considered in the hydrologic subcycles, vege-
tation has been inspected in the closest detail. The careful inspec-
tion was due to the forest invenéory maps being at a_écale of 1:126,720;
at this scale it is possible to pick out slight variations in the vege-
tation pattern and to assign values accordingly. This detailed inspec-
tion of the vegetation is readily apparent by comparing the relatively
few variations of subcycles on the January hydrologic subcycle map,
where vegetation is dormant, to the July hydrologic_subcycle map, where

the full range of vegetation values fepeatﬁdly”reappear-over,;he

entire Island.

Soil

Information of the soils of Vancouver Island is limited. The only

source available for this study was the Soil Survey of Southeast

Vancouver Island and Gulf Islands, British Columbia, which is a limited

survey covering approximately eight percent of the Island.3 Only four areas,
Duncan-Nanaimo, Qualicum-Alberni, Courtenay-Campbell River, and Victoria-

Saanich are mapped in detail (at a scale of 1:63,360), while the re-

2. Personal interview with Mr, G. Harris of the British Columbia Forest
Service, Victoria, B. C., October, 1969,

3. J. H., Day, L. Farstad, and D. G. Laird, Soil Survey of Southeast
Vancouver Island and Gulf Islands, British Columbia (Report No. 6
of the British Columbia Survey, 1959), p. 9.
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mainder of the Island is unsurveyed.

The unsurveyed soil of the Island, below 5,000 feet, was assigned
a value of 2, on the assumption the soil is located on moderate to
steep sldpe, is podzolic in nature, and generally has low moisture hold-
ing capacity and high infiltration rate. Areas. above 5,000 feet in ele-
vation were assigned a value of71>(see footnote 1 of this chapter).
Appendix 1, summarizes the characteristics of those soil groups which
have been mapped. Generally, value 2 was designated to soil groups
dominantly consisting of sand and gravel on gentle to steep slope.
Value 3, which is characterized by high moisture holding capacity and
low infiltration rate, was assigneq to soils dominantly consisting of
clay or loamy sand on level to gent1e~siope. Value 4, which is
characterized by high moisture holding capacity and high infiltration

rate, was assigned to sandy loamy soils on gentle slope.

Potential Evaporation Rate

As previously explained in chapter one, the 50 F. isotherm is used,
in this study, as the criterion between high and low potential evapora-

tion rate, Only one source map, Mean January Temperature (map no. 2,

British Columbia Snow Survey Bulletin), was needed to determine the
potential evaporation rate for January. All of Vancouver Island has a
mean January temperature below 50 F., therefore, all the January sub=-
cycles have a potential evaporation rate of 1.

Two source maps were needed to derive the potential evaporation
rate for July. The first map, Mean July Temperature (map no. &,

British Columbia Snow Survey Bulletin), reveals thdt a large portion

e

e
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of Vancouver Island, has a mean July temperature of over 56 F. A
second source map, a contour map, was used to determine the poteﬁtial
evaporation rate of the mountainous area of the Island, contained with-
in the 56 F. isotherm, A normal lapse rate of 3 F. for every one-
thousand feet increase in elevation was taken into consideration fo:
this mountainous area. Using this method a low potential evaporation
rate, or a value of 1, was derived for those areas over 3,000 feet in
elevation, contained within the 56 F. isotherm. Only a very small area
of the Island, less than five percent, is considered to have a low

potential evaporation rate in July.

Slope

The values for slope were obtained in the following manner: a topo-
graphic map of Vancouver Island at a scale of 1:250,000 and a contour
interval of 500 feet was used as the source map; then those areas which
are between contour lines, separated by four tenths of an inch or more,
were‘designated as value 1., The areas of low slope, or value 1, have

a gradient of less than six percent. According to the Soil Survey of

Southeast Vancouver Island and Gulf Islands, British Columbia, six per-

cent is the dividing value between gently sloping (two through five per-

cent) terrain, and moderately sloping (six through nine percent) terrain,

4, J. H, Day, L. Farstad, and D, G. Laird, Ibid., p. 104,
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Permeability of the Parent Material

The source map for deriving the permeability of the parent material
was titled, '"Geologic Sketch Map of Vancouver Island'", compiled by
J., E, Muller in 1967, at a scale of 1:500,000. An interpretation of
the map was made by Dr. James T. Fyles.5 Only broad generalizations
can be attempted concerning the permeability of the parent material
of Vancouver Island. The majority of the permeable parent material is
located along the middle third of the east coast of the Island.
According to Dr. Fyles, this narrow strip of permeable material is be-
tween five and ten miles in width and consists of glacial deposited
till over ZQO feet in depth, On the west coast of the Island, permeable
parent mate;ial is restricted to small limestone deposits near lakes,
for example, Buttle Lake limestone formation. All the above permeable
material was assigned a value of 1, while the remdindér of the Island

was designated as impermeable, or value 2.
Runoff

To derive the runoff values for the January and July hydrologic
subcycles, a comparison was made between the precipitation map and the
potential evaporation rate map for each month. Since the potential_eva-
poration rate for January is constantly low, the runoff for areas of
high precipitation in liquid plase is heavy, or 3; there is no substan-

tial runoff, or value 1, for areas of either heavy precipitation or

5. Personal interview with Dr. Fyles, a geologist for the Department of
Mines and Petroleum Resources, Victoria, B, C,, October, 1969,



23

moderate precipitation occurring in solid phase; while areas of mode-
rate precipitation occurring in liquid phase have a light runoff, or a
value of 2,

Only two runoff values, none and light, occur in July. Most of
Vancouver Island has a high potential evaporation rate for July, éxf
cept the mountainous areas of over 3,000 feet in elevation, Those
areas of moderate precipitation and high potential evaporation rate
have a runoff value of 1, or no substantial runoff; areas of moderate
precipitation and low potential evaporation rate have a runoff value
of 2, or light runoff; while the area of no precipitation, the ex-
treme southeast portion of the Island, and high potential evaporation

rate has a runoff value of 1, or no substantial runoff.

Problems Encountered with the Basic Data

The main problems encountered with the basic data were the differ-
ence in scale of the source maps, the form of the data, and the lack of
data. 1In any study, the coordination of the data into useable form is
an important consideration. All the source maps had to be reduced or
~enlarged to a scale of 1:250,000, which was the scale‘of the base map.
This was a major undertaking for such source maps as the four soil maps
at a scale of 1:63,360, or the forest cover maps at a scale of 1:126,720.
Other maps had to be enlarged, for example, the climatic maps of
Canada, at a scale of 1:12,000,000,

The form of the information depicted by the source maps was a

Lol
codtrse of concern in some cases. All of the source maps were compiled

for use other than hydrology. As previously mentioned, the forest cover
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maps were compiled for use by logging companies and consequently the
classification of the vegetation found on the maps was not the most
useful for research in hydrology. For example, a category of non-
vegetétive areas would have been more useful than merely '"non-produc-
tive forests and non-forested lands'"., Other problems in form involved
such matters as isoline interval. For example, the nearest isotherm
to 50 F. on the mean July temperature map has a value of 56 F., and
this created a problem in deciding upon the potential evaporation

rate for July.

The availability of basic data concerning the physical environ-
ment of Vancouver Island, caused much concern throughout the study.
Vegetation, :soil, and the permeability of the parent material are the
three factors which have the}leést“émount of information available in
map form, The forest cover maps are the only maps which completely
encompass the entire Island, in a detailed vegetational study. These
appear to be the only vegetation maps of Vancouver Island, which depict
where forest occurs based on actual field research, Other vegetation
maps of Vancouver Island, divide tﬁéhﬁegetation into climatic regions;
this method of viewing vegetation is based on 'what vegetation should
be where' depending upon the climate and does not actually represent
what exists in the field.

The only information on the soils of Vancouver Island, is contained
in the survey previously mentioned. Only eight percent of the Island
has been mapped in detail, and information of the soil of the remainder

of the Island is scarce. The lack of information on soil is understand-
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able since the survey includes the major arable soils of the Island.6
The geologic sketch map compiled by J. E. Muller, is the only
complete geologic map of Vancouver Island. Sections of the Island have
been surveyed and mapped at a scale of 1:250,000, but the southwestern,
central, and extreme northern sections have only scattered geologic

information recorded, For this reason, a comprehensive knowledge of

the permeability of the parent material is not known,

Validity of the Data

The data is only as valid as the source maps from which it was
derived. Some of the source maps were compiled after thirty yeérs of
recording climatic conditions. Other source maps are accuréte in
what they represent; the forest cover maps .are accurate, but the in-
formation is presented in such a method thét it is almosf entirely.
unuseable, in this study, in its present form. The most unreliable
data is probably the permeability of the pafent material, which was
obtained from a sketch map; and that of soil,Awhichwfor the most part
is unsurveyed, From this study, it should be apparent that few compre-
hensive surveys on the physical environment of Vancouver Island have
been conducted, and that such surveys are needed if further research

on the hydrology of the Island is to be attempted.

Transfer of Data from the Source Maps to the Hydrologic Maps

The first step in the transfer of the data was to enlarge or reduce

all the source maps to a scale of 1:250,000. Then a transparent grid

6. J. H, Day, L., Farstand, and D, G. Laird, op, cit.
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(120 rectangles in each row and 287 rectangles in each column, with
each rectangle two and one-half tenths of an inch in length by two-
tenths of one inch in width) was overlaid on each source map with the
grid's length in conjunction with the northwest-southeast orientation
of Vancouver Island. Using this approach, each rectangle, which re-
presented eight-tenths of a mile by one mile of the Island's surface,
was scrutinized and assigned a value accordingly. The values for each
row, or 120 rectangles, were then recorded on 287 computer cards.

Two sets of cards (January and July) were required for the variable
factors (precipitation, vegetation, potential evaporation rate, and
runoff), while only one set of cards was needed for the permanent
factors (soil, slope, permeability of the parent material). To compile
a given monthly hydrologic subcycle map, the program control deck was
placed with the computer cards recording the values of the seven factors
and the computer combined the values recorded for rectangle into a
hydrologic subcycle. From the computer printouts, tracings were made

to compile the final hydrologic subcycle map for January and July.
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Chapter 3 Resultant Subcycles

The resultant hydrologic subcycles of Vancouver Island, for
January and July, can be interpretated using many different methods.
This chapter analyzes the resultant subcycles by discussing the number
and frequency of occurrence of the subcycles and providing a classifi-

cation and taxonomic key to the subcycles.

Number and Frequency of Occurrence of Subcycles

The total number of hydrologic subcycles occurring on Vancouver
Island for the months of January and July, is fifty-seven. Table II,

which also serves as a legend for the January and July subcycle maps,

lists the assigned‘number for each subcycle, along with the subcycles
factorial value and frequency of occurrence. Of the fifty-seven sub-
cycles, thirty occur during January, while July has twenty-seven sub-
cycles. Furthermore, each subcycle is exclusive to a single month,
that is, no identical subcycle occurs both in January and July. This
surprisingly balanced number of subcycles between the two months is due
to the equalization of the greater variations of January's precipita-
tion phese (liquid and solid), against July's greater interaction of
vegetation with other hydrologic factors. These fifty-seven subcycles
are not the total number of possible subcycles which occur on Vancouver
Island, but are instead those subcycles which can be derived with the
present available information, With more basic information obtained
about Vancouver Island, further divisions in the values of the hydro;
logic factors can be made, leading to a more accurate derivation of

subcycles.,
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Number of Cycles and Frequency of Occurrence
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Cycle Map Precip Veget Soil Evap Slope Perm Runoff Frequency
of
Occurrence
1 Jan. 5 3 2 Ls 2 2 “3 3
2 Jan. 5 3 2 1 2 1 3 2
3 Jan. ] 3 2 1 1 - 2 3 4
4 Jan, o Y 2 2 1 12 == 2 3 3
5 Jan, 5 -2 C 2 1- 1 2 3 2
6 Jan, 5, 1 ‘3 1 1 2 3 2
7 Jan. 5 1 3 1 1 - 1 3 1
8 Jan, —_T e ¢ 2. 1 2 2 3 12
9 Jan, 5 1 2 1 - 1 3 6
10 Jan. 5 1 2 1 1 2 3 26
11 Jan. 5 1 2 . 1 1-- -1 3 16
12 Jan, 5 N 1 1 2 2 3 1
13 Jan, 4 1 2 1 2 2 1 2
14 Jan, 4 1 2 1 2 1 1 12
15 Jan. 4 1 2 1 1. 2 1 2
16 Jan. 4 - 1 1 1 2 2 1 26
17 Jan, 4 1 1 1 2 1 | 3
18 July 3 3 4 2 1 1 1 1
19 July 3 3 3 2 2 2 1 2
20 July 3 3 3 2 1 2 1 3
21 July 3 3 3 2 1 1 1 10
22 July 3 3 2 2 2 2 1 70
23 July 3 3 2 2 2 1 1 14
24 July 3 3 2 2 1 2 1 43
25 July 3 3 2 2 1 1 1 15
26 July 3 3 2 1 2 2 2 17
27 July 3 3 2 1 2 1 2 1
28 Jan, 3 3 2 1 1 2 2 1
29 July 3 2 3 2 1 1 1 1
30 July 3 2 2 2 2 2 1 100
31 July 3 2 2 2 2 1 1 11
32 July 3 2 2 2 1 2 1 15
33 July 3 2 2 2 1 1 1 7
34 July 3 2 2 1 2 2 2 40
35 July 3 2 2 1 2 1 2 3
36 Jan, 3 1 4 1 1 1 2 1
37 Jan, - 3 1 3 1 2 1 2 1
38 Jan. 3 1 3 1 1 2 2 1
39 Jan, 3 1 3 1 1 1 2 7
40 Jan, 3 1 2 1 2 2 2 6
41 Jan, 3 1l 2 1 2 1 2 3
42 Jan, 3 1 2 ) O 1 2 2 9



29

Cycle Map Precip Veget Soil Evap Slope Perm Runoff Frequency
of
Occurrence
43 Jan. 3 1 27 1 1 1 2 8
44 July 3 1 1 2 2 2 1 1
45 July 3 1 1 2 2 1 1 2
46 July 3 1 1 1 2 2 9 20
47 July 3 1 1 1 2 1 2 1
48 Jan, 2 1 2 1 2 2 1 1
49 Jan. 2 1 2 1 2 1 1 3
50 Jan, 2 L 2 1 1 2 1 1
51 Jan., 2 1 2 1 1 1 1 1
52 July 1 3 3 2 1 1 1 1
53 July 1 3 2 -2 2 2 1 3
54 July 1 3 2 2 1 2 1 4
55 July 1 3 2 - 1 1 1 2
56 July 1 2 2 2 2 2 1 2
57 July 1 2 2 2 1 2 1 4
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The frequency of occurence of a subcycle has little correlation
with the amount of area it covers. For example, subcycle 34 occurs
in forty different locations during July, but covers less than five
percent of the surface of the Island; while subcycle 13 occurs in only
two locations during January, but covers approximately forty percent
of the surface of the Island. Other subcycles, for example subcycle
12, occur once and cover very little area of the Island, less than
one percent., Generally, July subcycles are more frequent in occur-
rence than January szcycles, because of the many divisions created

by light and heavy density of vegetation,

Classification and Grouping of Hydrologic Subcycles

For a more lucid understanding of the derived subcycles, a classi-
fication based on the subcycles of January and July, is achieved as
follows:

1. (a) For January, four major divisions, heavy precipitation in
liquid phase, heavy precipitation in solid phase, moderate
precipitation in'Tiquid phase and-moderate'prééipitation
in solid phase are formed on the basis of precipitation.

(b) For July, two major divisions, moderate precipitation in
liquid phase and no substantial precipitation, are
formed on the basis of precipitation.

2, (a) For January, seven classes are formed depending upon the
presence of either hgayy density or light density vegeta-
tion, and upon the dormanéy or absence of vegetation,

(b) For July, five classes are formed depending upon the

presence of either heavy density or light density vegeta-
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(a)

(b)

(a)

(b)

(a)

(b)

(a)
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tion, or the absence of vegeﬁation.

For January, twelve orders are formed depending upon the
presence of soil with high moisture holding capacity and B
high infiltration rate, high moisture holding capacity
and low infiltration rate, low moisture holding capacity
and high infiltration rate, or the absence of soil,

For July, eight orders are formed depending upon the
presence of soil with high moisture holding capacity énd
high infiltration rate, high moisture holding capacity
and low infiltration rate, low moisture holding capacity
and high infiltration rate, or the absence of soil,

For January, twelve families are formed depending upon
either high or low potential evaporation rate. Because
of the constant potential evaporation rate in January,
there is no difference between the number of orders and
families in January.

For July, eleven families are formed depending upon high
or low potential evaporation rate.

For January, nineteen categories are formed depending
upon the slope being even to gentle, or moderate to
steep, |

For July, seventeen categories are formed depending upon
the slope being even to gentle, or moderate to steep.
For January, thirty types are.formed depending upon the

permeability or impermeability of the parent material.
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(b) For July, twenty-seven types are formed depending upon

the permeability or impermeability of the parent material.
7. (a) The final thirty subcycles for January, are determined by

the runoff rate of heavy, light, or none. Because runoff,
in this study, is determined by precipitation and poten-
tial evaporation rate, the number of types and subcycles
remain the same.

(b) The final twenty-seven subcycles for July, are determined
by the runoff rate of light or none.

This classification system is presented and discussed in the
following taxonomic key of the individual subcycles of January and July.
Each month is presented with an individual taxonomic key. Division III
(moderate precipitation in liquid form), occurs in both months; there-
fore, it is presented in both taxonomic keys with the corresponding sub-

cycles.

Taxonomic Key for the January Subcycles

Division I Heavy Precipitation in Liquid Phase
These are the subcycles of January which have been assigned a pre-
cipitation value of 5 for January. These subcycles comprise forty
percent of the January subcycles, and approximately forty-five per-
cent of the land surfacé of the Island. The locations of these
subcycles are restricted to the northern eighty-five miles of the
Island, an approximately thirty mile strip extending along the
west coast of the Island, and 105 mile strip along the east coast

beginning at approximately the mid-point of the Island.

T T
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Class 1 Shallow Rooting Vegetation with Heavy Density

These January subcycles have an assigned precipitation value
of 5 and a vegetation value of 3, These subcycles comprise
ten percent of the Janaury subcycles and cover less than five
percent of the surface of the Island. The locations of these
subcycles is confined to the extreme northwest portion of the
Island.

Order 1 Soil with Low Moisture Holding Capacity and High
Infiltration Rate

The subcycles occurring in this order have the exact charac-
teristics as Class 1, This means in January, heavy precipi-
tation in liquid phase falling on shallow rooting vegeta-
vtion with heavy density, occurs on soil which has a low
moisture holding capacity and high infiltration rate.
Family 1 Low Potential Evaporation Rate
All of Vancouver Island, in January has a low potential
evaporation rate; therefore, ﬁhese subcycles have the
same characteristics as order 2.
Category 1 Moderate to Steep Slope
Type 1 1Impermeable Parent Material
Subcycle 1 Heavy Runoff
This subcycle occurs in four locations on the
ISIAnd which are confined to the northern tip
and the northern west coast of the Island. |
Type 2 Permeable Parent Material
Subcycle 2 Heavy Runoff

The occurrence of this subcycle is two, which
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are confined to the northern west coast of the
Island.
Category 2 Even to Gentle Slope
Type 3 Impermeable Parent Material
Subcycle 3  Heavy Runoff
The three locations of this subcycle are re-
- stricted to the extreme northern tip of the
Island and two interior locations of the northern
—- -~ - tip.
Class 2 Shallow Rooting Vegetation with Light Density
This class consist of heé&y precipitation in iiquid.phase and
shallow rooting vegetation with low density‘per unit of area.
‘These subcycles comprise less than seven percent of the January
subcycles and are located on three promontories of the north-
west coast,

Order 2 Soil with Low Moisture Holding Capacity and High
Infiltration Rate

The subcycles of class 2 are all located in areas where the
soil has low moisture holding capacity and high infiltration
rate.
Family 2 Low Potential Evaporation Rate
As in family 1, all the January subcycles have low poten-
tial evaporation rate.
Category 3 Moderate to Steep Slope

Type & Impermeable Parent Material

o
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Subcycle 4 Heavy Runoff
This subéycle occurs im three locatibns on
the Island, all on the northern west coast, and

covers less than five percent of the surface of

the Island.
Category 4 Even to Gentle Slope
Type 5 Imperméable Parent Material
Subcycle 5 Hgayy Runoff
Subcycle 5 qccu;s in two localities on the
northwest coast, and covers less than one per-
cent of the surface of the Island.
Class 3 Dormant or No Vegetation
The dormancy of vegetation accounts for this class. Heavy
precipitation and dormant vegetation comprise approximately
twenty-three percent of the January subcycles and occupy approx-
imately thirty percent of the surface of the -Island.

Order 3 Soil with High Moisture Holding Capacity and Low
Infiltration Rate '

These cycles are located in small areas where the soil has
been given a value of 3.

Family 3 Low Potential Evaporation Rate

Category 5 Even to Gentle Slope
Type 6 Impermeable Soilv‘“ B
Subcycle 6 Heavy Runoff
This subcycle is localized in two ;mall areas of ‘

the east coast of the Island-where heavy precipi-

tation in liquid phase occurs,



Type 7 ?ermeable Parent Material
Subcycle 7 Heavy Runoff
This subcycle has a single location on the
southwest coast of the Island and covers less
than one percent of the Island's surface.

Order 4 Soil with Low Moisture Holding Capacity and High
Infiltration Rate

Being the dominant soil type, this order includes more sub-

cycles than Order 3.

Family 4 Low Potential Evaporation Rate

Category 6 Moderate to Steep Slope
Type 8 Impermeable Parent Material
Subcycle 8 Heavy Runoff

The main characteristic of this subcycle is the
large extent of area it covers. A large amount
of the northern portion and almost the entire
western third of the Island, including substan-
tial areas on the east coast and'sodthe;n part
of the Island, are covered by this subcycle,

Type 9 Permeable Parent Material

Subcycle 9 Heavy Runoff

36

Occurring in six localities over the Island, this

subcycle'occurs in widely separated locations
which are found on the southwest coast to the
northeast coast; In comparison to subcycle 8,
subcycle 9 covers between six and eight percent

of the Island,
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Category 7 Even to Gentle Slope
Type 10 Impermeable Parent Material
Subcycle 10 Heavy Runoff
Coastal lowlands, best describes the location
of subcycle 10. Having twenty-seven occurrences
along the east and west coast makes this one of
the most widely dispersed January subcycles.
This subcycle covers less area than subcycle 9,
even though it has four times as many occurrences.
Type 11 Permeable Parent Material
Subcycle 11 Heavy Runoff
Another coastal subcycle, having less occurrences °
and covering less area than subcycle 10,
Order 5 No Soil
Family 5 Low Potential Evaporation Rate
Category 8 Moderate to Steep Slope
Type 12 Impermeable Parent Material
Subcycle 12
This is the only subcycle with heavy precipita-
tion in liquid phase and no soil., The location
of subcycle 12 is next to the western division
of liquid and solid phase heavy precipitation.
It covers a minute area, less than one percent
of the Island's surface, and hydrologically is
insignificant, This is the only subcycle in

Division I, which does not have soil,
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Division I1 Heavy Precipitation in Solid Phase

Comprising less than seventeen percent of the January subcycles,
these subcycles occur in two large central areas of the Island.
The largest of the two areas is centered in the northern portion
of the Island and extends to the southeast in an oblong shape ap--
proximately 150 miles in length and fifty miles in width. The
second area, the smaller of the two areas, is confined to the
central section of the southern third of the Island, Together
these areas cover approximately thirty-five percent of the surface
of the Island.
Class 4 Dormant or No Vegetation
All the subcycles of Division II, have dormant or no vegeta-
tion, Occurring where there is heavy precipitation in solid
phase it is obvious these subcycles are restricted to areas of
high amounts of snowfall.

Order 6 Soil with Low Moisture Holding Capacity and High
Infiltration Rate

Being the dominant soil group of the Island, the majority

of the subcycles of Division II, have this soil type.

Family 6 Low Potential Evaporation Rate

Category 9 Moderate to Steep Slope
Type 13 Impermeable Parent Material
Subcycle 13 No Substantial Runoff

Because of the solid phase precipitation and
low potential evaporation rate, all of the sub-
cycles of Division II have no substantial runoff.
This subcycle covers approximately ninety percent

of the area of Division II, or approximately

TR YTy
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~ e, 7 thirty percent of théﬂlsland. A majority of
the Island's surface is covered by this sub-
cycle and subcycle 8, during January.

Type 14 Permeable Parent Material

Subcycle 14‘ No Substantial Runoff
This subcycle is confined to twelve scattered
locations of permeable parent material. The
ma jority of this permeable parént material, is.
the limestone formations which usually are located
near the interior lakes of the Island.
Category 10 Even to Gentle Slope
Type 15 Impermeable Parent Material
Subcycle 15
Occurring in only two localities, subcycle 15
is confined to two valley basins,
partially filled by lakes.
Order 7 No Soil
The area of no soil on the Island is generally considered
rock outcrops above 5,000 feet in elevation,
Family 7 Low Potential Evaporation Rate
Category 11 Moderate to Steep Slope
Type 16 Impermeable Parent Material
Subcycle 16 No Substantial runoff
A large portion of the central mountainous area
above 5,000 feet is comprised of this subcycle.
Although this subcycle occurs in twenty-six

different locations, it covers less than two
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percent of the Island.
Type 17 Permeable Parent Material
Subcycle 17
| This subcycle occurs in only three locations
and covers less than one percent of the areas of
the Island. -iﬁé occurrence is always in asso-
ciation with subcycle 14,

Division III Moderate Precipitation in Liquid Phase

These cycles comprise thirty percent of the January subcycles, and
covers approximately fifteen percent of the surface of the Island.
Moderate precipitation in liquid phase occurs only in the south-
eastern section of the Island; therefore, the subcycles of this
division are all located in-this region, :
Class 5 Shallow Rooting Vegetation with Heavy Density
This class comprises only three percent of the January sub-
cycles,

Order 8 Soil with Low Moisture Holding Capacity and High
Infiltration Rate N -

Family 8 Low Potential Evaporation Rate
"Category 12 Even to Gentle'Slopé

Type 18 1Impermeable Parent Material

Subcycle 28

Restricted to the southern tip of the Island,
this subcycle'is Qﬂranomaly in that it is the
only location in the southern half of the Island
where the vegetation is not dormant during

January. From this subcycle on, a discrepancy
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Voccurs between the type number and the sub-
cycle number. Tﬁis inconsistency is created
because ofbﬁﬁé method of numbering used in this
study, which assigns number to subcycles accor-
ding to the values of the factors.

Class 6 Dormant or No Vegetation

Order 9 Soil with High Moisture Holding Capacity and High
Infiltration Rate

This soil group is severly restricted in number of occur-

rences, having only one, and the area it covers on the

Island.
| Family 9 Low Potential Evaporation Rate
Category 13 Even to Gentle Slope
Type 19 Permeable Parent Material
Subcycle 36

Restricted to é single, small area near the
midpoint of the easﬁicoast; this subcycleris
unique because of its type of soil.

Order 10 Soil with High Moisture Holding Capacity and Low
Infiltration Rate

This is not the dominant spil g;oup'of'the Island and in-
cludes few of the subcycles of this division,
Family 10 Low Potential Evaporation Rate
Category 14 Moderate to Steep Slope
Type 20 Permeable Parent Material
Subcycle 37 Light Runoff
This subcycle occurs only once on a promontory

along the southeast coast of the Island.
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Category 15 Even to Gentle Slope
Type 21 1Impermeable Parent Material
Subcycle 38 Light Runoff
Occupying less than one percent of the Island's
surface, ;his subcycle has its single occur-
rence si* miles south dfrsubcycle 40,
‘Type 22 Permeable Parent Material
Subcycle 39 Light Runoff
This subcycle is located in seven isolated
pockets along the southeast coast and covers
approximately one'percent of the surface of the
Island.

Order 11 Soil with Low Moisture Holding Capacity and High
Infiltration Rate

Family 11 Low Potential Evaporation Rate
Category 16 Moderate to Steep Slope
Tipe 23 Impermeable Parent Material
Subcycle 40 Light Runoff
This subcycle covers approximately twenty-five
percent of the area of Division. II1I,
Type 24 Perﬁeable Parent Material
Subcycle 41 Light Runoff
| This subcycle occupies those areas of the south-
east coast wherewthe parent material is pér-
meable and the slope gradient moderate to steep.

. The largest area occuppied by subcycle 41 is an

inland coastal belt, located approximately five

o v e
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miles from the coast and has a one to nine
mile width and a length of fifty-eight miles.
Category 17 Even to Gentle Slope
Type 25 Impermeable Parent Material
Subcycle 42 Light Runoff

This subcycle is generally coastal in location

with a few locations inland. The largest area

it covers is the entire southern tip of the

Island.

Type 26 Permeable Parent Material
Subcycle 43 Light Runoff

Being similar to subcycle 46 except for per-

meability, this subcycle has a majority of its

occurrences directly on the southeast coast of

the Island, with the largest inland position

occurring three miles north of the head of the

Alberni Inlet.

Division IV Moderate Precipitation in Solid Phgse

Moderate precipitation occurring in solid phase is limited to the
southeastern section of Vancouver Island. The subcycles of this
division comprise fourteen percent of the total number of January
subcycles, but cover less thgq five percent of the surface of the
Island. Th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>