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APPENDI X E

EVALUATI ON OF WATERSHED DEFORESTATI ON AND HARVESTI NG
PRACTI CES | N THE OKANAGAN BASI N
(Reprint of Report on Task 180)

Summary

Forest harvesting in the Ckanagan Basin can have a wide variety of effects on
that area's water quality, quantity and regine. Many of the effects can be
related to the intensity of forest renoval or, in other words rotation length. It
nmust al so be stressed that forestry has earned a poor reputation in the Basin
through the proliferation of certain nythol ogi cal aspects of its effect on
streanfl ow such as: 1ogging dries up the streans, |ogging causes floods. Al beit
| oggi ng may have adverse effects on terrestrial waters, but for the nost part
they are usually very localized and on a Basin basis are not highly significant.

This report concerns itself mainly with the effects of forest harvesting
on water quality - a characteristic of najor inportance in the arid Ckanagan
Basin. In this respect, the Basin can be grossly stratified into three water
yi el d increase zones:

- South of Penticton

- North of Penticton bel ow 4000' el evation
- North of Penticton above 4000' el evation

Wthin these areas, an appraisal of water yield increases fromforest harvesting
i s possible.

South of Penticton. |In this zone, any water yield increases accruing from
hi gh el evation forest harvesting will not be reflected in increased streanfl ow
This is due to in situ redistribution of water fromsurplus sites to deficit
sites. Thus, any forest harvesting in this zone, as in all other zones, should
be concerned with mnimzing water quality deterioration - especially sedinent
di scharge fromhaul and skid roads and thernmal pollution by stream exposure. Any
increase in harvesting intensity would be reflected in |localized site inprovenent
by increasing available soil water.

North of Penticton bel ow 4000' elevation. This zone is typified as the
Ponder osa pi ne-parkland community and is a water deficity hydrol ogic system As
such, any forest harvesting would not reflect in any water yield increases to
streanflow. Localized harvesting is probably best directed towards inproving the
carrying capacity of incorporated range |ands. However, in this region soils are
particularly sensitive to the disturbance effects of harvesting activities and
extreme caution should be exercised in the |ocation and construction of roads to
ensure that adjacent streans do not receive high discharges of sedinent. This
area, because of its generally close proximty to Ckanagan Lake,
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is particularly sensitive to streamtenperature increases (approaching |etha
limts for fishery) followi ng their exposure by forest renoval. 1In this
respect, buffer strips should becone a necessary conmponent of forested-range
and forest |and managenent.

North of Penticton above 4000' elevation. It is in this zone that the
greatest potential for water yield increases as a consequence of forest har-
vesting exists. It is also the region of nobst intensive forest harvesting,

both presently and in the predictable future. Wthin this zone, snowpack
managenent consi derations are an inportant aspect of |and use hydrol ogy.

Water yield increases accruing fromforest harvesting in the Ckanagan
Basin were estimated using nodelling techni ques and extrapol ati ons of research
findings fromconparable regions. This was dictated by a shortage of data on
t he hydro-neteorology of the Basin. Interpretation of the data nust be carried
out very cautiously to avoid proliferation or creation of any nore nyths.

It has been estinmated by the B.C. Forest Service that there exists
approximately 1.2 mllion acres of nerchantable forest land in the Ckanagan
Basin in Canada. O this only about 300,000 acres are in the zone north of
Penticton above 4000 feet. Assumi ng a constant volune of tinber per acre, the
exi sting sustained yield nanagenent of these lands on a 120 year rotation
(i.e., 1/120th of the total harvested per year) yields an annual cut of 10,000
acres for the Basin. This conpares with an actual annual harvest of 10, 145
acres in 1971. This harvesting rate has been foll owed since 1963, before which
harvesting rates were erratic and | ess than 25% of sustained yield levels. For
clarity, a 40 year rotation (i.e., 1/40th of the total harvested per year)
woul d result in an annual harvesting of approximately 30,000 acres.

Water yield increases accruing fromforest harvesting in the approxi mately
300, 000 nerchantabl e forest acres of the Ckanagan Basin in the zone north of
Penti cton above 4000 feet on a 120 year rotation have been estimted to be
between 3.31% and 4.20% These increases would only be realized within this
zone (Engl emann spruce and Subal pine fir forest type) and would likely be
consurmed in water deficit sites at |ower elevations. This includes correction
for sequential regrowmh effects on increasing evapotranspiration: a period of
approxi nately 40 years for nost sites. Sinmilarly, for a hypothetical 40 year
rotation the increases are between 9.93% and 12. 60%

Forest fire may effect an increase in water yield through reduction of
evapotranspiration. The average annual acreage burned over in the Ckanagan
Basin is 5,377 with a range between 81 acres (1964) and 25, 856 acres
(1970). Yield increases, calculated on the basis of water yields fromthe
area north of Penticton and above 4000 feet, have been estinmated to be
bet ween 1.24% and 1.55% annual | y.
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However, as large as these streanflow increases nay be, they are only for that
area designated as nerchantabl e forest north of Penticton above 4000 feet
(approximately 1/4 the total nerchantable forest and 15%the total area of the
Ckanagan Basin). Forest harvesting in other zones of the Basin would have no net
effect on streanflow quantity. By adjusting the reported percentage water yield
increases to a Basin basis for a 120 year rotation, |evels by which conparisons can be
made and effects eval uated are nade possible. Thus, on the basis of the tota
Ckanagan Basin annual water yield increases accruing fromforest harvesting range from
0.50%to0 0.64% Simlarly, the figures for the effect of fire are adjusted to be
bet ween 0.19% and 0.23% Respective figures for the hypothetical 40 year rotation are
1.50% and 1.91%for forest harvesting and 0.19% and 0.23%for wildfire. These
reported annual increases are not cunul ative due to the effects of regrowth on
evapot ranspi rati on consunption

Since the values reported for the 40 year rotation are never likely to be
achi eved since a 40 year rotation is too close to the regrowh tinme of 40 years, it is
only relevant to discuss the values reported for the existing and future 120 year
rotation forest harvesting rates, The following limtations nust be noted with
respect to the reported increase in water yields follow ng forest harvesting and/ or
wldfire:

a. Reported increases are too snall to be measured by existing streanfl ow
neasur errent t echni ques.
b. Total water yield increases in major tributaries of the Ckanagan Basin will very

likely go undetected due to the | ow percentage yield increase from sustai ned
yield forest managenent. Any yield increase would only be reflected in a very
small ( 50 km) basins over which significant portions ( 75% have been

har vest ed or burned.

C. Water yield increases accruing fromforest harvesting in this area only becone
usable if they reach a streamchannel. Increased water transnitted downsl ope
through the soil nmantle would likely be consurmed in water deficit sites bel ow
4000 feet elevation, thereby proving useless in augnenting water supplies for
ot her purposes. |t has been shown that nost of the annual water yield increase
occurs in the spring and fall nonths thereby necessitating inprovement an/or
extension of reservoirs to hold water over to peak denand periods in the sumrer
season.

In conclusion, it can be safely stated that although streanfl ow i ncreases wil
accrue fromforest harvesting in the Ckanagan Basin, the reliability and predictability
of these increases will be inhibitory to planning for water supply. The authors fee
that forest harvesting, with respect to water supply, should be concentrated in the
area of minimzing water quality deterioration and increasing the general environmenta
stability of those |Iands upon which forest |and managenent is occurring.
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APPENDI X E
EVALUATI ON OF WATERSHED DEFORESTATI ON AND
HARVESTI NG PRACTI CES | N THE OKANAGAN BASI N
(Reprint of Task Report 180)

E. 1 | NTRODUCTI ON

The cooperative Canada British Col unbia Ckanagan Basi n Agreenment has
provi ded a framework by which a conprehensive, multi-disciplinary study of a
sel ected wat ershed can be acconplished. This study, which constitutes a snal
part of the Agreenent, has as its objective a prelimnary appraisal of the
Ckanagan Basin Watershed, in terms of vegetal cover and hydrol ogic
characteristics by major biophysical zones, and an outline of the effects of
ti mber harvesting on water quantity and water quality within these zones.

The conplete realization of this objective is recognizably idealistic,
especially in view of the scope involved which is as foll ows:

1. Usi ng existing data suppl enented by sone field reconnai ssance,
characterize a sel ected watershed i nto major biophysical zones and
tabul ate, by zone, the present and future harvesting rates. Also, to
tabul ate present and future cover changes in forested range.

2. To provide a prelimnary evaluation of the effects of tinber harvesting on
water quality and quality by zone. Limitations to harvesting rates
i mposed by sustained yield to be incorporated i nsofar as assi gni ng
significant effects (10% on water quantity and quality to the various
zones.

3. To indicate zones in which forest harvesting mght incite major problens
of erosion and nutrient |eaching as a consequence of roads and/or
harvesting techni que. Also, the recomrendati on of special harvesting
practices for certain zones.

4. To outline zones where tinber harvesting or afforestati on have produced
conflicts of interest such as fishery, donestic water supply and grazing.
This report is an account of the existing state-of-the-art of forest

| and use hydrol ogy of the Ckanagan Basin within the limtations stipulated by

the objectives and scope of Task 180. In order to nost effectively docunent

the findings, this report has been structured as foll ows:
Summary
Section | I ntroduction
Section |1 Hydr ol ogi ¢ Characteristics of the Ckanagan Basin
-the data base upon which any hydrol ogi c eval uation of |land use in
t he kanagan Basin nust be formatted.
Section Il Forest Managenent Effects on the Ckanagan Basi n Hydrol ogy

- detailed analysis of available and applicable data with respect to
the tine and spatial effects of forest harvesting on water quantity
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and quality.
Appendi x E. | The Rol e of the Forest in the Hydrologic Cycle

- a short survey of the significant aspects of the terrestrial phase
of the hydrologic cycle in a forested environment with particul ar
enphasi s on the Okanagan Basin

Appendi x E. 2 The Effect of Forest Managenent on the Hydrol ogic Cycle

- an evaluation of the inmpact of forest harvesting on the hydrol ogy
of environments simlar to those of the Okanagan Basin. Presented
to conpl enent those effects determ ned from data anal yses.

It is hoped that this report win be used not only as a source of
i nfornati on regarding | and use hydrology in the Okanagan Basin, but also as a
guide to the establishnent of priorities in future work undertaken in the area.
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E Il

a)

HYDROLOG C EFFECTS OF FOREST MANAGEMENT I N THE OKANAGAN BASI N

REQUI REMENTS FOR HYDROLOG C | MPACT EVALUATI ON

Met hods for finding out the effects of natural or cultural changes on the
hydr ol ogi cal regi men have been strongly oriented towards denonstrating that
effects do occur, without providing much quantitative information that can be
used el sewhere. The translation of the research results can therefore be done.
only by inplication and be applied only to study basins that are closely conpara-
ble to the research basins. To aid the translation of results to other basins,
hydrol ogi ¢ characteristics can be determined. This mght help to establish not
only that effects are observable, but also the magnitude of these effects.

For a statistical analysis of the hydrol ogical effect of natural and
cul tural changes, it would be necessary to replicate and to change treatnments
fromone basin to another. In experinental basin research this procedure is too
costly, too time consuming, and too inpractical. Evaluation procedures are
theref ore dependent on tine trends of flow after precipitation and other clinmatic
factors have been taken into account. For the study of the effect on the
hydr ol ogi cal regi nen of cultural changes several years of calibration (pre-
treatment), a treatment period, and finally a period of years of eval uation of
the treatnment effect are required. This is not always feasible for the study of
the effect of natural changes, but alternative successful techniques are not yet
avai |l abl e.

Desi rabl e Hydrol ogi c Condi ti ons

The nost pressing and practical objectives for the setting up of experinent-
al basins are the study of the effects of cultural changes on the hydrol ogic
reginen. Cultural changes involve the artificial change of one or nore basin
characteristics, with a resulting change in some hydrol ogi cal characteristics and
i ncl ude any changes in |and use and/or |and managenent and the influence of the
use of the water resources.

This type of research can be carried out on individual basins or on a network
of basins. It is sonetines thought that research on the effect of a cultura
change on the hydrologic reginen is speeded up if duplicate basins are set up
on one of which the basin characteristics are kept as constant as possi bl e during
the investigation period. This basin is called the control basin. |In sonme cases
multiple replication is advocated. This is not always desirable; the contro
basin is frequently a changing base, as it is difficult to keep basin
characteristics constant for a period of time and the utilization of one or nore
control basin(s) fosters the tendency to calibrate the experinental basin after
only a few years of observation. This does not necessarily give a representative
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b)

record of the typical local clinate. The climate during the calibration

peri od, may, for instance, have been abnormally wet. Mbreover, the use of
replication my give statistically valid results, but it does not necessarily
contribute to the problemof translating the results to other basins.

Sel ection of Experinental Basins

In the case of a single basin, selection is subject only to the
conditions set out below. The size should be as |arge as possible to increase
the likelihood of neasurable subsurface flow and to approach nore closely a
natural basin with the proviso that the nmaxi mum si ze should be | ess than 50
square mles. Single basins are not recomrended because no possibility exists
for conparing results.

In the case of basin replication, normally two basins are sel ected, one
of which is to serve as a control during the period of the experinent. The
two basins should be as similar as possible with respect to climate,
geonor phol ogy, pedol ogy and geol ogy. The nobst inportant geonor phol ogi ca
factor is the aspects of the basins; simlarity of aspect will increase the
i kelihood of simlarity of climte. The maxi num sizes of the individua
basi ns are sonewhat | ess than those for single basins; in sone areas it may be
difficult to find sinilar basins of a reasonable size. Two relatively large
basins will, noreover, extend instrunental and observational problens. The
two basins need not be the sane size. Mean nonthly discharges of two simlar
basins may correlate reasonably if the difference in size is no greater than a
factor of ten.

Important itens for selection of basins are |isted bel ow

1) Omnership of basin. The first requirenent of an experinental basin is
that it can be manipulated at will since the purpose of an experinenta
basin is, a priori, the artificial change of one or nore of its basin
characteristics.

2) Operation of basin. The topographi cal and access conditions nmust be such
that the required | and-use and | and- managenent practices to be used can
be carried out. Access nmust be good for detail ed research observations
and in sone cases opportunity nust exist for buildings to be erected.

Si nce experinental basins are, by definition, small basins, roads wthin
the basin can have a very large effect on the hydrol ogy and unl ess
constituting part of the desired research results, should be kept to an
absol ute m ni mum and be installed before the experinent is started.

3) Uniformity of soil, vegetation and geonorphol ogy. Were possible a basin
shoul d be a sinple soil-vegetation conpl ex based on broad soil-vegetation
groupings. Wile a definite methodol ogy for research on experinenta
basins is not clear, the selection of a basin on a soil-vegetation
conplex which is typical of a large area will aid in the ultimte
translation of the research results.

To facilitate research, a basin with sinple geonorphol ogi cal characteristics
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nust be selected if possible. Many depressions (small swanps) wn, for
i nstance, create storage problens which are difficult to handl e in anal ysis.

4) Deep percol ation and channel infiltration. Deep percolation is relatively |arge
on snall basins, especially on the nore perneabl e soils, and nust be accepted as
a variable factor. The prevention of channel infiltrationis relatively nore
inportant on small basins and, if channel infiltration occurs, either an
alternative basin nust be selected or the channel seal ed.

5) Aspect and clinmatic variability. In nountainous regions it is desirable that
the basin aspect is such that very shady and sunny faces do not exist
sinul taneously in the basin, since nmoisture conditions may be entirely different
faces and make anal ysis of data very conplicated.

6) Fl ow measurement. Wiere possible perennial or intermttent flowis preferred to
provi de a neasure of subsurface flow during periods of runoff. Were conditions
are such that only ephenmeral streans are encountered, it is inportant that the
basin size be |large enough to ensure that during and shortly after storns the
total flow measured at the gauging station includes sone interflow. A sharp
di stinction between surface and subsurface flowis artificial and some interflow
nust be neasured to carry out basic research and to aid in the ultimate
translation of the research results to other areas.

It is inportant that the study period be of sufficient length to ensure that the
climate during the study is representative of the long termclinmatic pattern. If the
study period is excessively wet or dry or hot or cold the results may not be
suitable for application in a normal period.

If all that is desired froman experinent is whether the | and use of the basin
under study affects streanflow, then all that is required is a reasonably accurate
nmeasure of that paraneter. However, if an understandi ng of the phenorena resulting
in the change of streanflow froma particular land use and or extrapol ati on of the
results to other areas is desired the various types and intensities of basin
paraneters is required.

c) Avail abl e Gonditions and Data
At this time no suitable single or paired watershed experinments, by which the
hydrol ogi ¢ i npact of deforestation can be evaluated, exist in the Ckanagan Basi n.
This required that the effect of forest harvesting on water quantity and water
quality be evaluated on the basis of avail abl e data of acceptable or candi date
basins. However, this proved to be of little utility as the follow ng instructive
outline of available conditions indicates.

Precipitation
According to data avail abl e from At nospheric Envi ronnent Service, twenty
stations with sufficient length of record to be included in the 1931-60 nornal s
for precipitation lie within the Ckanagan Basin. By Canadi an standards this is
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a fairly dense network (150 sqg.nmi./gauge). However it is heavily biased
toward the valley floor with 75% of the sites bel ow 2000 feet and only three
stations above 4000 feet, which is near the nmean basin elevation. |In 1970,
24 precipitation stations were either added or re-activated for the Ckanagan
Basi n Study, and of these 8 are above 4000 feet elevation. Thus, the
enphasi s of precipitation nmeasurenment was maintained at a | ow el evati on and
clustered distribution. Precipitation in the formof snow has been neasured
at snow courses, however no recent data concerning snowrelt are avail abl e.
Most of the data collected fromthe recently installed (1970) stations has
yet to be summari zed and reported in a usable form

Tenperature

Thi s paraneter has been neasured at only sone 15 stations in the Ckanagan
Basin with sufficient length of record to be included in the 1931-60 nornmal s
for tenperature. As with precipitation, the enphasis of station |ocation was
at low elevations and clustered in areas of high population density. The
expansi on of the network and the re-activation of old stations within the
Okanagan Basin resulted in the addition of only two nore stations recording
tenperature at el evations greater than 4000 feet. As with precipitation
data, only a fraction of the total tenperature data has been rendered to an
easily accessible and usable form

O her dinmatal ogi cal Paraneters

In order to get a reasonable estimate of the water |ost fromthe Ckanagan
Basi n by vapor transport, data required in the calculation of this flux
according to physical processes or direct nmeasurenment from sufficient
stations to provide an acceptable basis for extrapolation to the entire basin
are necessary. However, the following list of types and numbers of such
instrumentation is indicative of the lack of suitable data:

TYPE NUVBER
Hygr ot her mogr aphs 6
Sunshi ne recorders 3
Net radioneters 2
Cl ass "A" evaporation pans 6
Anenoneters (totalizing) 10
Anenonet ers (recording) 2

Many of these are located in renbte sites at el evati ons above 4000 feet
and are serviced through the cooperation of either the B.C. Water Resources
Service and Water Survey of Canada or by contract.
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a)

Streanf | ow

VWiile it is true that both the Water Survey of Canada and the B.C. Water
Resources Service naintains significant nunber of stations for the
measur enent of either stream stage or discharge, nost of themare |ocated on
maj or streans in the basin near their nouths (Ckanagan Lake). Most of those
stations for which long termrecords are available are |ocated on streans
whose wat er sheds have undergone extensive cultural changes such as forest
harvesting, grazing, various agricultural activities and reservoir
installations on either the nmain streamor several of its major tributaries.

O further note is the fact that many of the stream gaugi ng stations are
so constructed and installed as to nonitor streanflow as conpared to tota
wat ershed yield. That is to say that only surface water flow is nmeasured
whi | e groundwat er or subsurface flow, which can be very significant in the
outwash terraces of the Ckanagan Basin, goes undetected. O those stations
instituted as part of the expansion programfor the Okanagan Basin Study,
many are desirably, froma | anduse hydrol ogy vi ewpoint, |ocated on small high
el evation forested watersheds; however the records fromthese stations are
not yet |ong enough to adequately establish streanfl ow response nornmals for
the wat ershed in an undi sturbed state agai nst which streanfl ow response
normal s of the same watershed followi ng | and use can be comnpar ed.

Unfortunately, presently avail able data for the evaluation of the hydro-
| ogic effect of watershed deforestation is inadequate. In addition to those
aspects previously noted, the najor disadvantage is having no tributary
wat er shed within the Ckanagan Basin bearing a full conpl ement of
instrunentation. |If sufficient data is lacking to get a handle or even a
crude estimate on the water bal ance of a watershed, then the |ikelihood of
devel opi ng any neani ngful cause and effect rel ationshi ps between | and use
activity and the quantity, quality and tinmng of streamflow is somewhat
t enuous.

DESCRI PTI VE AND HYDROLOG C CHARACTERI STI CS OF THE OKANAGAN BASI N

Locati on and Extent

The Okanagan Valley is situated in southern British Colunbia, near the
east side of the Interior Plateau region. In a northerly direction it
extends fromnorth |atitude 49°20" (the south tip of Skaha Lake) to 49°38
(south of Shuswap Lake), and has a nean |ongitude of 119°30" west.

In Iength the kanagan Basin stretches 89 niles and occupi es an area of
3100 square niles. The southern half of the basin varies between 3 to 6
mles wide while the northern part near Armstrong is 12 miles w de.
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b)

c)

Dr ai nage

Inits northern part, the Ckanagan Valley is drained by the Sal non and
Shuswap Rivers which flow into Shuswap Lake. The Sal non River enters the Ckan-
agan Valley at denema and flows northward. The Shuswap River originates in the
Monashee Mount ai ns near Revel stoke and, after passing through Sugar and Mabel
Lakes, enters that part of the Ckanagan Vall ey known as the Spal | umacheen Vall ey
at Ender by.

A significant feature of the Ckanagan Drainage is a | ow divide approxi mately
one mle east of Armstrong in the Spall unacheen Valley. South of this point the
waters are tributary to the Col unbia R ver.

In the main trough of the Ckanagan Valley |ies (kanagan Lake. Stretching
sone 69 mles in length and approxinmately 2 mles in width, the | ake occupies. an
area of 127.3 square nmiles. Lowwater in the |ake is 1120 feet above nean sea
level. Wth the south end of the valley 227 feet |ower than the north end,
Ckanagan Lake drains into Skaha Lake and thence into Vaseux and Gsoyoos Lakes.
dimte

The climate in the Ckanagan Basin is responsive to two major gradients;
latitude and elevation. Wth respect to latitude, it is generally accepted that
the southern part of the basin (near Penticton) receives |ess precipitation and
has hi gher nean nonthly tenperatures than its northern parts (near Enderby).

The nean annual tenperature in Arnstrong is 44.6°F, while southward at
AQiver it is 47.9°F. (dimate of B.C. 1970). In the southern half of the basin
only 50% of the wi nters have short periods of bel owzero tenperature, while in
the north, below zero tenperatures are nore frequent. During these periods of
bel ow zero tenperatures, the snaller |akes are covered by ice, although kanagan
Lake is generally ice free.

Precipitation in the Ckanagan Valley is supplied primarily by | ow pressure
systens passing fromwest to east. During the sumer nonths these systens are
nore w dely spaced, and any precipitation occurring is fromthunderstorns or
| ocal i zed convectional storns.

Wthin the Ckanagan Basin, precipitation distribution is strongly expressed
with respect to elevation and latitude. At the north end of the Basin
(Arnmstrong), nean annual precipitation is approxi mately 17.2 inches with a
decreasing trend southward to Aiver, which annually receives approximately 10.8
inches. At any latitude precipitation on the ridge tops (4000 feet el evation)
may be as much as double that occurring at the | ake el evation.

A significant proportion of the precipitation input to the Ckanagan Basin is
inthe formof snow. This proportion varies between 50%at the | ake level to
140% at the 5000-f oot el evation.
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d)
i)

The quantity of snow input to the Ckanagan Basin is sufficient to
warrant intensive snow surveys at the tine preceding snowrelt runoff.

To exanine the change in clinmate with elevation, a profile of the east
side of the Basin, mdway in latitude (near Kel owna) has been constructed
(Figure 2.1). To determne the relative values of precipitation and
tenmperature with elevation, the following climatic stations were sel ected:

STATI ON ELEVATI ON EXTENT OF RECORDS
Kel owna 1100 feet 30 year normals to 1970
Joe Rich Creek 2870 feet - do-
McCul | och 4100 feet -do-
Big Wite 6050 feet - do-

Val ues of nmonthly potential evapotranspirati on were derived fromthe mnmean
mont hly tenperatures of the selected stations using Thornthwaite's equation

Soi | s and Topogr aphy

Oigin. The parent material from which the Okanagan soils are derived is

primarily glacial till, left during the decay of the Cordilleran ice-sheet in
the Pl eistocene Period. Tributary streans to the nmain kanagan Valley |ater
transported sorted till materials, laying down gravelly, sandy terraces over
the lateral noraines left by the ice-sheet (Figure E. 1). The nateria
deposited by the post-glacial erosion cycle on fans and flood plains
consists nmainly of freshly worked till and reworked terraces.

Formati on and Zonal Distribution. There is general agreenent anmpbng soi
scientists that geographic areas controlled by the sane nacro-clinmate have
their own Zonal Soil Geat Goups. In the Ckanagan, these soil groups can be
divided into two broad categories: those devel oped under grass and those
devel oped under forest.

The grassland soils are characterized by an accunul ation of organic matter
in the surface mneral horizons. The forest soils have a |l ayer of organic
litter on the soil surface. The natural grassland soil group separations are
the Dark Brown and Bl ack Soils. The forested soils can be separated into the
foll owi ng groups based on the degree of weathering. In order of increasing
weat hering and | eaching they are:

Brown Wooded Soils G ay

Whoded Soils

Podzol Soils
In Figure EE1 the Othic Eutric Brunisols are found under grassland and in the
transiti on between the grassland and the Ponderosa pine forest type. The
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substratumis conposed of primarily lacustrine deposits form ng deep beds of
stratified silt, clay and fine sand. Hunus accunulation is small and the
profile is marked by a strong cal carious devel oprent.

The Brown Woded Soils also represent soils of little weathering. Found
under stands of Ponderosa pine and mi xed Ponderosa pine - Douglas fir, with an
annual precipitation of approximately 15 inches, these soils are characterized
by a horizon of free Iine which has been | eached to a depth of 15 to 20 inches.
Under the influence of the forest, humus has accunul ated in the upper two
inches to forman Ah horizon. This soil is high in Iine and other bases, but
is droughtly due to clinmate and exposure.

I ncreasing el evation and precipitation give rise to the Othic Gay Woded
and Brunisolic Gay Woded Soils (Figure E.1). Devel oped under 25 to 35 inches
of annual rainfall, these soils are of grayish color and are characterized by
an Ae horizon fromwhich nost of the clay and sesqui oxi des have been | eached to
the Bf horizon. |If the soil devel oped froma calcarious parent material a
hori zon of cal cium carbonate may al so be present.

The soils are slightly to noderately acidic in reaction, but still retain a
noder at e base status. They can devel op under Douglas fir or mxed Douglas fir
- Lodgepol e pi ne stands, but commonly under a dense Spruce - Bal sam or m xed
Spruce - Bal sam - Lodgepol e pole pine stand. A thick noss |ayer (2-3 inches)
is often present on the organic litter

A further increase in elevation results in increased weathering,
particularly in the prinmary materials with a high ferronmagnesi um content.

O her nmore soluble basic materials are | eached conpletely fromthe profile,

| eaving the characteristic Bf horizon of the Mni-Huno Ferric Podzol. The
parent material of these soils is noderately acidic and mediumto coarse in
texture. These soils are often found in association with the Al pine Dystric
Bruni sol (Figure E. 1).

e) Veget ati on

The distribution of Oimax Forest Vegetation in the Okanagan is represented
in Figure E. 1. Sinmilar to the devel opment of soils, clinmax forests are
responsive primarily to climatic influences and can therefore be classified
zonally. Wthin each zone variation fromthe nesic habitats due to soil and
t opography adds a third dimension to the phytoceonotic conmponent. The net
effect is to vary the zonal (nesic) interval.

Figure E.1 represents three basic Cimax Forest Types in the Ckanagan. They
i ncl ude:
Ponder osa pi ne Type
Douglas fir Type
Spruce — Bal sam Type
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M xed stands of the above species occur in the transition between zones. The

extent of these mixed stands depends on the variation of soils and topography
whi ch nodifies the zonal or mesic habitat.

its dependence on fire, can occur in all zones

Lodgepol e pine, because of
in mxed conmposition with all climx types

as a subclimax and is often present
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E 111 FOREST MANAGEMENT EFFECTS ON THE OKANAGAN BASI N HYDROLOGY

1. EXI STING LEVELS OF FOREST LAND USE | N THE OKANAGAN BASI N

a) Forest Cover Renpval by Forest Harvesting

Tables E.1 to E. 8 show the devel opnent and present state of forest
resource managenent in the Okanagan Basin. Generally, tinber harvested in the
Okanagan Basin can be separated into two nmaj or groups: that cut on Crown Land
adm nistered by the B.C. Forest Service and that renoved from Tree Farm
Li cence | and nanaged by private conpanies.

Ti mber on Crown Land within the Ckanagan Public Sustained Yield Unit
(P.S.Y.U) is dispossed of primarily by Tinber Sale and Ti nmber Sal e Harvesting
Licence, to the Iinmt of the annual allowable cut. The calcul ated all owable
annual cut in the Okanagan Public Sustained Yield Unit was 17, 756M cubi c feet
in 1971 (Table E.1). The actual annual cut in 1971 was 14,595M cubic feet from
6,623 acres (Tables E.2 and E.3) An increased actual annual cut, to the limt
of the allowabl e annual cut as determ ned by sustained yield policy, would
result in cutting on 8,057 acres of forest |and.

TABLE E. 1
ALLOMBLE ANNUAL CUT (Mc.f.)

YEAR LAFE?E?E'S C.U. INCREASE gﬂg“giﬁg F.S. RESERVE TOTALS
1963 8633 167 8800
1964 . 8633 167 8800
1965 8633 167 8800
1966 8633 167 8300
1967 8630 170 8800
1968 8630 548 170 9348
1969 8862 1052 1300 170 11384
1970 8876 1925 2535 425 13761
1971 8876 2914 5541 425 17756
TOTALS 78,406 6,439 9,376 2,028 96,249

The cut from Tree Farm Li cences #9 and #15 accounts for the remai nder of
the forest harvest in the Ckanagan Basin, excluding unregul ated cutting such as
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TABLE E. 2
ACTUAL ANNUAL CUT (Mc.f.)

Ckanagan Public Sustained Yield Unit
LODGE-
TOTAL VOL. YELLOW OTHER
YEAR M c.f. FIR SPRUCE PINE LARCH E?hg BALSAM CEDAR SPECIES
1960 10,357
1961 12.3?5] Before Regulation
1962 10,212)
TOTAL 32,944
1963 12,040
1964 9,533
1965 8,897 2.710 14735 500 179 3,127 574 38 1
1966 9,013 2,397 3,254 169 156 2,039 926 61 11
1967 5,816
1968 6,148
1969 9,258
1970 11,924 °
1971 14,595
TOTAL 87,224
TABLE E. 3
ACREAGE CUT OKANAGAN PUBLI C SUSTAI NED YI ELD UNI T

YEAR TOTAL CLEAR CUTTING SELECTIVE CUTTING

1963 No figures available - established in 1963

1964 7,737

1965 6,125

1866 6,168

1967 3,336

1968 2,844

1969 4,328

1970 3,717

1971 6,622 2,907 3,716

TOTAL 40,878
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TABLE E. 4

ACTUAL ANNUAL CUT TREE FARM LI CENCE #9 AND #15 (Mc.f.)

YEAR
1960 1961 1962 1963 1964 1965 1866 1967 1968 1969 1870 1971 TOTAL
2,006 | 2,424 |3,084 |3,562 (4,882 |4,369 | 4,412 |3,944 |2,693 |6,307 | 3,916 | 9,393 49,992
Si nce 1963 Inclusive 42,478
TABLE E. 5
ACREAGE CUT TREE FARM LI CENCE #9 AND #15
YEAR TOTAL CLEAR CUTTING SELECTIVE CUTTING
1971 3522 1,416 2,106
N.B. You may assune 1.2 Mc.f. cut per acre, and conpl ete acreage tables
on this basis.
TABLE E. 6 ACREAGE BURNED BY W LDFI RE
vEAR | MERCH. | TMMATURE | NOT SATISFAC- | NON COMMERCIAL | GRAZING OR | NON PRODUC- [ TOTAL
TIMBER | TIMBER TORY STOCKED COVER PASTURE LAND | TIVE SITES ACRES
1963 26 132 89 72 104 93 516
1964 3 2 3 62 M 81
1865 2 41 ta 14 71 47 185
1966 66 14 3 13 18 19 133
1967 654 775 69 126 11 1,635
1968 249 416 4 238 355 29 1,291
1569 | 5,015 2,225 1,818 832 3,083 1,611 14,584
1970 | 6,563 8,905 511 1,458 5,438 2,881 25,856
1971 1,005 735 25 309 29 2,009 4,112
TOTAL| 13,583 | 13,245 2,463 3,005 9,286 ° 6,811 48,393
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that from Indian reserves. The actual cut in 1971 and Tree Farm Li cences #9
and #15 was 8, 393M cubic feet, from 3,522 acres (Tables E. 4 and E. 5).

Tabl e E. 2 shows the breakdown by species of the actual annual cut in
the years 1965 and 1966. The relative inportance of the forest types, in
terns of volunme renoved is: spruce-bal sam Douglas fir Lodgepol e pine
Ponder osa pi ne.

The major silvicultural systems of forest managenent enployed in the
Okanagan Basin are single or group tree selection and clearcutting.

Sel ective cutting has been prinmarily applied to Ponderosa pine and Dougl as
fir forests where silvicultural requirements are precluded by the uneven aged
nature of the stands. Cearcutting is nore conpatible on the nore even aged
stands of spruce-bal sam and | odgepole pine. O the 10,145 acres |ogged in
1971 43% were clearcut and 57% were sel ectively cut.

b) Cat astrophi c Vegetation Alteration

I nsect and pat hogen attacks on forest vegetation in the kanagan tend to
be localized in their extent and influence. Although a variety of insects
and pat hogens are endemic to the area, little data is available on the extent
of | osses.

Wl dfires are the nost preval ent and serious form of natural disturbance
in the Ckanagan Basin. Table E.6 docunments the anpbunt of forest |and
decimated by forest fires in recent years. Ah average of 3,254 acres of
forest land is burned annually and in sone years fires renove nore forest
cover than harvesting.

c) Possible Trends to Future Land Use in the Ckanagan Basin

The influence of future forest managenent on water yield will center on:

- expanded production to attain the allowabl e annual cut under present
sustai ned yield policy.

- reduction in rotation |engths.

The achi evenent in equality between actual annual cut and all owabl e
annual cut will result in an increased ambunt of forest |and harvested
annual ly. The actual annual cut in the Okanagan Public Sustained Yield Unit
in 1971 was 14.595M cubic feet from 6,623 acres. The calculated 1971
al | owabl e annual cut was 17,756 cubic feet froman estimted 8.057 acres.
Under present rotation |engths, cutting to the allowabl e annual cut woul d
rai se annual water yield increases by an additional 22 percent of existing
yi el d increases.

Present forest |and use in governed by a sustained yield forest
management policy based on a 120 year rotation length. Any decrease in
rotation length woul d increase the percentage of tinme the area is
contributing to a yield increase.
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a)

Maxi m zation of wood production fromforest |and occurs at a rotation
determ ned by the culmnation of the mean annual increnment (MAI.) Table
E.7 shows the results of Stanek's (1966) investigation of sone interior
speci es.

TABLE E. 7
AGES OF MEAN ANNUAL | NCREMENT CULM NATI ON BY SPECIES AND SITE I N
THE OKANAGAN BASI N

SPECIES AGE QF M.A.I. CULMINATION BY SITE ]
B Good Medium Pocr
P1 35 50 &0
70 120 130

P1 = | odgepol e pine, S = Spruce

In consideration of optinmumrotation | engths for nmaxim zation of the
val ue of forest products, the use of financial rotations is necessary. Haley
(1964) and Smith and Hal ey (1964) found financial rotations for coasta
Douglas fir were generally shorter except on the poorest sites.

Col ding (1967) suggests financial rotations of 50 years for | odgepole
pi ne and 80 years for spruce and Douglas fir as being realistic, especially
in a pul pwood econony. These rotations would give approximately twi ce the
annual water yield increase realized under present managemnent.

STREAMFLOW EFFECTS OF EXI STI NG FOREST LAND USE I N THE OKANAGAN BASI N
Pearson Creek Analysis

As a direct consequence of the inconsistencies of available data by which
a straightforward analysis of the effects of forest harvesting on streanflow
quantity could be carried out as discussed in previous sections, a snal
wat er shed within the Ckanagan Basin was sel ected for detailed process
anal ysis. Pearson Creek, a 29-square-mile tributary watershed to M ssion
Creek (Figure E.2), was selected on the basis of the following criteria:

i Most of the watershed area was forested and anenable to comrercial
forest harvesting.

ii. The area had yet to experience any nmmjor |and use changes.

iii. A reasonable spatial representation of the climate, soils, forest cover
and drai nage was avail abl e.

iv. Prelimnary analysis indicated that the main part of the watershed
exhi bited conditions of water surplus with no major portions
exhi biting water deficits.

V. The wat ershed was of a nature whereby the possiblity existed for
establishing it as a research basin for future studies.
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LOCATI ON OF PEARSON CREEK

Figure E. 2




To overcone the inherent problens of short-termdata on an upaired
untreated watershed a sinmul ati on nodel was devel oped in order to permt the
potential changes in streanflow quantity resulting fromdeforestation and forest
harvesting practices. The nodel had as its base the fundanmental water bal ance
equati on:

Q=P- E+ AS

where Q = streanfl ow (i nches)

P = rainfall and snowren (inches)

E = all evaporative |osses fromthe system (inches)

*S = change in soil water storage (inches)
Thus, given an adequate description of each of the paraneters on the right hand
side of the equation, streanflow, or nore appropriately, basin yield, can be
conmput ed over a predetermined tine interval. For purposes of consistencies the
nmodel was constructed to operate on a nonthly basis. The conputerized
simul ati on nodel does nothing nmuch nore than carry out a very fast budgeting of
a large array of inputs and outputs and conpute a nonthly total discharge.
However, in order to identify the ecosystem conponents influencing the effects
of forest harvesting on water quantity and thereby pernit the extrapol ation of
the results, several physical processes were incorporated into the nodel. The
nmost not abl e of these processes was the realization of actual evapotranspira-
tion as a function of the follow ng system paraneters:
i Cal cul ated potential evapotranspiration on a nonthly basis.
ii. Characteristics of initial vegetative cover and successional trends

followi ng the renoval of the original cover by fire or forest harvesting.

iii. Upper and lower linmits of soil water storage by soil type.
iv. Soil water conductivity by soil type and site slope position and angl e.
Wthin the limts of the functional relationships between each of these para-
meters and their effect on the ultimate relationship between potential evapo-
traspiration and actual evapotranspiration within a given nonth, an iterative
process is carried out within the nodel

In order to have the nodel as closely as possible sinulate the real water-
shed the inputs were stored on a grid square nethod. A one-square-nile grid
square was superinposed on the watershed as close as possible to the natura
wat er shed divide (Figure E.3). Each of the squares was characterized hydrol og-
ically by assigning appropriate input values of precipitation and snowren
potential evapotranspiration, slope percent, elevation, soil hydraulic conduct-
ivity, field capacity and permanent wilting point.

Precipitation for each square was assigned on the basis of the el evational
extrapol ation of the precipitation data presented in Table E.8 and E. 9. Since
no sinple nodel of snownelt has yet been devel oped, snownelt input for each
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TABLE E. 8
MONTHLY AND ANNUAL PRECI PI TATI ON I N | NCHES

BIG WH TE El ev. 6050
YEAR 0CT | NOV DEC JAN FEB | MAR | APR | MAY | JUNE | JULY | AUG - SEPT | TOTAL
1967-68 | 9.91| 3.39 | 10.16 7.05( 3.35( 4.89 9,32 |40.5|4.88 | m m m m
1966-67 | 2.90| 7.83 8.26| 11,03| 6.39(8.07| 6.54 | 2.4 [1.65 |1.25|0.53 | 1.40| 58.26
1965-66 | 0.86 | 2:57 5.83 4,58 5.43 | 2.65 | 3.45 | 2.51 | 3.63 [2.91 m 1.58 | m
1964-65 m m m m m 3.80 | m m 0.40 |1.92 | 5.05| 2.55 | m
McCULLOUCH El ev. 4100
YEAR ocT NOV DEC JAN FEB | MAR | APR | MAY | JUNE | JULY | AUG SEPT | TOTAL
1967-68 | 3.42 | 1.58 | 2.88 | 3.08 1.24(1.50( 1.75 [3.04 [3.81 |0.84|3.25( 2.19| 28.58
1966-67 | 1.50 | 3.37 | 3.83 | 4.40 1.73| 2.24)1.34 [1.21 |1.36 |0.87 ]| 0.23| 0.54 | 22.62
1965-66 | 0.45 | 1.84 | 3.08 352 1.91 ) 1.33|1.44 |1.68 |0.84 |2.00| 1,76 | 1.60 | 20.95
1964-65 | 0.57 | 2.50 | 2.61 4.76 | 4.16| 0.68 | 1.26 |1.31 |2.24 |2.07 |4.00]| 1,05 27.21
JCE RICH Elev. 2870
YEAR 0cT NOV DEC JAN FEB | MAR | APR | MAY JUNE | JULY | AUG SEPT | TOTAL
1967-68 [ 3.82 | 1.59 | 2.59 1.81 1.05)| 0.84} 1.27 | 2.81 | 3.34 |0.47 | 3.18( 1.99| 24.86
1966-67 | 1.42| 3.02 | 2.34 2.36 2.06( 2.27|1.20|1.21 [ D.95 |0.83)|0.13 | 0.62 ]| 18.42
1965-66 | 0.51 | 1.68 | 1.78 223 1.74| 0.65) 1.55 | 2.33 |1.46 |1.80]1.96| 1.75| 19.44
1964-65 [ 0.31( 1.91 [ 1.95 2.84 2,08 07401 1.43 | 1,63 [ V.86 || 1.39]'3.33 | 1.39 | 20,16
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TABLE E. 9

PRECI Pl TATI ON NORNMALS

Bl G WH TE* Elev. 6050’

TYPE | OCT NOV DEC [ JAN FEB | MAR | APR | MAY JUNE [ JULY | AUG SEPT | TOTAL

Rain | 3,29 | 0.57| 0.30| 0.11 0.25| 0.83| 3.45) 3.13 | 4.83 |2.62| 2.31| 2.95 |24.64

Snow [ 2.32 | 4.61| 7.83| 6.28| 7.62| 6.28( 4.30| 0.50 0.16 | 39.9

Sum 5.61|5.18} 8.13| 6.40|] 7.87| 7.11| 7.75| 3.63 |4.83 |2.62| 2.31| 3.11 |64.55

5000- 6000' El ev. *

TYPE | OCT NoV DEC JAN FEB | MAR | APR | MAY | JUNE | JULY | AUG | SEPT | TOTAL

Rain | 1.97 | 0.36 | 0,18] 0.07| 0.14] 0.47] 1,83 | 2.24 | 3,31 [1.93| 2.31| 2.08 |16.24

Snow | 1.39 | 2.96| 4.74| 3.97| 4.35| 3.59| 2.29 | 0.36 0.11 | 23.76

Sum | 3.36 | 3.32|4.92| 4.04| 4.49| 4.06( 4.12 | 2.60 | 3.31 |1.93| 2.31( 2.19 |40.00

MCULLOCH El ev. 4100

TYPE | OCT NOV DEC JAR FEB MAR- | APR | MAY JUNE | JULY | ‘AUG SEPT | TOTAL

Rain | 1,29 | 0.28| 0,12 0.05| 0.08( 0.27| 0.81| 2.07 (2.86 [1.87| 1.55( 1.88 [13.13

Snow [0.91- 2.26( 3.16| 2.94| 2.46| 2.04| 1.01 | 0.33 0.10 [15.21

Sum | 2.20| 2.54| 3.28| 2.99| 2.54| 2.31| 1.82 | 2.40 ([ 2.86 |1.87| 1.98| 28.34

JCE RICH Elev. 2870

TYPE | OCT | NOV DEC JAN FEB | MAR | APR | MAY JUNE | JULY | AUG | SEPT [ TOTAL

Rain | 1.61 | 6.84 ) 0.43| 0.19| 0.16| 0.67| 1.19| 2,16 [ 2.45 [ 1.66| 1.55] 1.89 |14.79

Snow | 0.10 | 0.79| 1.87( 1.79] 1.17| 0.79| 0.19| 0.02 6.72

sum 1.71|1.63] 2.30( 1.98| 1.33| 1.46| 1.38| 2.18 | 2.45 |1.65]| 1.55( 1.89 | 21.51
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square was assigned on the basis of the el evational extrapolation of the
snow depletion rate as determned from snow course data presented in Table
E.10. Fromthese tables it can be seen that the recent precipitation inputs
are in close agreement with the longer-termrecords.

TABLE E. 10
SNOW COURSE  SUMMARY
(a) McCULLOCH El ev. 4200

YEAR

1860 ( 19611 1862 ) 1963 | 1964 1965' 1966 | 1967 | 1968 | 19631 1970| 1971 Mean
Feb 1__ 3.1 3.7 7.6 5.8 5.2 4.6 5.8 4.8 5.0 4.3 4,9 .2
Mar 1 5.2 5.7 8.3 2.8 7.7 Ia.é‘T 6.0 6.7 5.1 7.8 5.0 Ful 3
Apr 1 [ 3.1 [4.4 [9.3 | 3.4 |[8.9 [7.4 [5.0 [8.2 |5.0 |8.2] 5.8 ] 8.0 |s.
May 1 0.5 1.6 2.8 0.8 4.7 2.8 0.9 5.3 {8 F) 4.6 27 2.4
May 15{( 0.0 0.5 0.3 0.4 1.8 0.5 0.0 0.0 0.0 0.0 0.0 0.0 ¢.3

Depletion percent 61.81 33.02 5.16
(b) M SSI ON CREEK- El ev. 6000
YEAR

1960 ( 1861 ( 1962 ) 1963 ) 1964 | 1965 | 1966 | 1967 | 1968 | 1969 1970 1971 | Mazn

Feb 1 11.0 8.2 5.9 8.6 14.4114.3110.5117.7 | 15.0) 16.7} 9.6| 18.4]| 13.4
|
Mar 1 14.1 r34,2 16.8( 12.0| 18.5 | 20.5 14.77 21.0 | 19.3| 21.1| 11.1| 22.9( 17.2
Fpr 1 15.?J 18.7 | 20.9 | 14.7 | 22.7 | 22.7 |17.5 (24,2 (20.3( 22.5} 14.0] 25.1| 19.9
May 1 173 | 28.3 hﬁ?.S 18.4123.2121.1 }18.9(26.1 123.6| 21.1]| 18.3| 24.9| 21.1
May 15( 14.5(23.9/(18.8] 20.2 ] 23.2 | 18.8 9.1 118.2117.0]| 18.2] 16.2) 17.5| 18.0
June 1| 14.9111.1 | 12.1 4.6 20.5|12,6 0.0 .0t 0.0 5.4y 16.5) 15.3} 11.9
| ]
Depletion percent 15.00 28.76 56.24

*Source: British Colunbia Snow Course Data Sunmary. B.C. Water Investigations Branch
Victoria, B.C

Pot enti al evapotranspiration was cal cul ated according to the nethod
devel oped by Thornthwaite (1948) using the information presented in Tables
E. 11 and E. 12. The cal cul ated val ues of potential evapotranspirati on were
then assigned to each of the squares on the basis of the el evational and
aspect extrapolation. The actual values of potential evapotranspiration by
month for four stations near Pearson Creek are presented in Table E. 13. As
m ght be expected, on the basis of avail abl e energy potential evapotranspira-
tion decreases with el evation
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TABLE E. 11

MEAN MONTHLY AND ANNUAL AND NORMAL TEMPERATURES

BI G VH TE El ev. 6050’
YEAR | JAN | FEB | MAR | APR | MAY [ JUN | JUL | AUG | SEP| OCT| NOV| DEC | ANNUAL
1968 | 16 28 28 28 41 43 m m m m m m m
1967 | 20 33 22 29 39 n 55 62 54 33 25 17 m
1966 | 17 21 22 33 44 45 m m 50 35 25 22 it
1965 m m 19 m m 48 55 54 42 41 m 19 m
Norm | 12 18 22 32 42 45 54 54 48 35 24 18 34
McCULLCOCH El ev. 4100'
YEAR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT| NOV | DEC | ANNUAL
1968 | 21 26 32 35 a4 50 57 53 49 37 29 14 37
1967 | 24 28 26 32 44 54 56 60 54 39 27 20 39
1966 | 20 24 28 35 44 48 54 63 52 39 28 26 39
1965 | 22 22 21 36 43 51 58 57 43 43 30 22 a7
Norm | 15 20 26 36 45 50 56 54 49 39 26 20 36
JOE RICH Elev. 2870
YEAR | JAN | FEB | MAR | APR | MAY | JUN | QUL | AUG | SEP | OCT| NOV | DEC | ANNUAL
1968 | 23 30 38 39 47 53 60 55 51 40 31 15 a0
1967 | 27 30 31 39 48 58 59 63 57 43 31 21 42
1866 | 21 28 33 a0 49 52 58 57 55 42 31 30 41
1965 | 22 27 26 42 47 54 61 61 47 45 3] 24 41
Norm | 17 22 30 41 49 54 59 57 51 41 30 23 39
5000- 6000 El ev.
YEAR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ANNUAL
Norm | 14 19 24 34 43 47 55 54 48 37 25 18 35




TABLE E. 12
ANCI LLARY CLI MATOLOG CAL DATA*

McCULLOCH Lat. 49°51' N Long. 119°08' W

PARAMETER aan | FEs | MAR | ApR | MAY | un |ouL | Aue | ser | ocT | mov | DEC | ToTAL
No. of days with
measurable rain 0 L 2 4 10 14 9 g {9 7 2 0 67
No. off gays wieh )l qn [qo [ |6 1 o fo o [o |4 |11 |1 | 72

measurable snow

No. of days with
measurable precip- | 14 12 12 g 11 14 9 9 9 11 12 15 137
itation

Maximum precipita-
tion: 7% 24 houus 1.10|1.70| 1.00 | 1.95( 1.15| 2.28 (1.66| 1.08] 1.19( 1.40| 0.90| 1.20]| 2.28

JOE RICH CREEK Lat. 49°48' N Long. 119°12' W

PARAMETER JAN FEB MAR APR MAY JUNE | JULY| AUG SEPT | OCT NOV DEC TOTAL
No. of days with
measyrable rain ! 1 3 6 10 L 7 7 9 8 4 ‘ 70
No. of days with |),.45 1|4 6 1 0 0 0 0 0 1 5 10 | 41

measurable snow

No.:of days with
measurable precip- | 11 9 B8 7 10 12 7 7 9 8 9 11 108
itation

Maximum precipita-
tian in 24 hours 1.001.55| 1.25|1.20| 2.29 | 2.50 |1.49] 1.41| 1.27 | 1.48| 0.85| 1.50| 2.50

*Source: Tenperature and precipitation Tables for British Colunbia. 1967. Canada Dept. of
Trans. Meteor. Branch.



TABLE E. 13
POTENTI AL _EVAPOTRANSPI RATI ON | N | NCHES*

LOCATION
MONTH BIG WHITE 5000-6000"' McCULLOCH JOE RICH
~ January 0 0 0 0
February 0 0 0 0
March 0 0 0 0
April 0 0.58 0.91 1.44
May 2.38 2.46 2.02 2.96
June 2.88 3.19 3.48 3.80
July 4.23 4.26 4.31 " 4.42
August 4.23 3.79 3.73 3.91
September 2.52 2.5b6 2.52 2.59
October 0.74 0.96 1.18 1.20
November 0 0 0 0
December 0 0 0 0
TOTAL 16.99 17.79 18.75 20.38

*Cal cul ated according to Thornthwaite's nethod

In order to assign to each of the squares the appropriate soil paraneters, a
standard bi ophysical |and type map of the Pearson Creek Watershed was devel oped
by the B.C. Department of Agriculture Soil Survey Division (Figure E 4). Using
the descriptive information of the I and types (Tables E. 14, E. 15 and E. 16)
wei ght ed val ues on an area coverage of a square were deternined and assigned to
that square. Wiereas it is recognized that this is sonmewhat dangerous and that
boundary hydrol ogi ¢ conditions between adjacent |and types are not fully
accounted for, the scale of mapping and nodel |imtations prevented alternative
nmet hods of incorporating the soil information.

The other nmmjor paraneter required as an input to the initialized state of
the nodel is that of vegetation cover by species and density. These data were
obtained trama standard forest cover map (B.C. Forest Service) and stratified
into mature forest cover and i mmature forest cover (Figure E.5) and detail ed area
and volure information by cover type was collated in Table E. 17.

Gven all the required i nput data by square, the nodel was run and the out-
put of total nmonthly basin yield was conpared to the nmeasured streanflow for the
same time interval (Figure E.6). Although the agreenent is generally good on a
year basis, a relatively large difference exists between predicted (simulated)
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DESCRI PTION OF SO L TYPES AND FOREST COVER FOR LAND UN TS1

TABLE E. 14

| N PEARSON CREEK

EXAMPLE:
LAND USE SOIL TYPE FOREST COVER
8 .
GRy - Uy __sotl catena s——ﬂ—h._ 80% of land unit covered
1 T/R -T :ief___ topography ,m by ?Eéwe Balsam, spruce;
} Fature 1rrna..ure by immature ‘Iodge-
/7 _landform symbols pele pine
LAND UNITY CSOIL TYPE FOREST COVER LAND UNIT SOIL TYPE FOREST COVER
8 7 3
er® - gu Y] - XF
A = o) | AMpine forest L ) ) P} - el - piset - Fs)
TIR -T :ef Ts = C/R : M B m
& a
RITL Ty
8 peices o X BSS - Alpine forest® M 2 A R
T - T/R ref Tg : G m i
6R HR
C i 1 Bs,, N — sed - md - oesm? - op?
T/R : ef Ts :+ f i
7 3 7 3
ta? - pe He! - op
) =% BSS - B5(P1)} 0 ok . skl - m? - Lf)
A ¢ de n E-T3¢ L " R
7 3
PE 1! - e
£ —2_ Py P R i P13 - sed - P13
Aosd T = TIR ¢ ¢ % ¥
6 4
owf - HY
F L TR, g - as? Q 3 se3 - P13 - P
T - A: ef ; Gmt : of 3 ol
6 1
Lab = gu 0R, - MO
3 = e | gs] - p1sp] R 3 1 Pl
A= T & ef Ts - T/R : G L
8 2 7 3
Li® - kf Jr! - HR
H res eyl p1ss] - sg3 s I Sy S seu! - m3d
€ - C/k :H TIR - T & fg 4
6 4
HY® - Hm Mo, - CR
1 Sl SR ) pise] - nZ - FLs‘1 T i) S PIL
6 - Ts :f " T/R - Ts : gh "
3 a 6 4
GR, - HO HRY = JR
J i L) | s, U 1 1 P18 . Plf
T/R - G :ef T.=WIR 5 f i
HO
K 2 p1SE,
Gm : g

Land units delineate areas of

physi ography and soils.

may be divi ded.

The soils found in any one land unit are sinmilar in parent materi al

They represent the nost fundanental

566

land that are relatively uniformas to vegetation,
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and profile devel opnent.




TABLE E. 15
SO L SYMBOLI NG SYSTEM DESCRI PTI ON

A. General Origin of Landforms Symbol B. Surface Form or Pattern of Landfurms
Reolian E Beach
Colluvium C Channelled (ridge and swalg)
Fluvial {alluvial) F Delta
Glacial Fluvia) [ Orumlin (ized)
(Glacial) lacustrine L Eroded (active) or Dissected (nom-active)
[Glacial) Marine M Eskers (s), crevasse filling
Glacial Ti11 - Dasal T Fan
Glactal Ti1l1 - Ablation A Fluted
dedrock R Hummpcky
Organic 0 Kame
Kzttle (d)
Plain
Overlays less than 5 feet deep should be Talus Cone
symboled as such. Terrace
Slump (ed)
Meltwater channel
Steepland (G-H)

S

=
c
=
=3

— T W YO S TE Oam < o0

TOPOGRAPHY SYMBOLS

SIMPLE TOPOGRARHY

COMPLES TOUPOGRAPHY

SLOPE
SINGLE SLOPES HULTIPLE SLOPES %
(regular surface) [irregular surfaces)

A depressipnal to level a nearly leyel 0 to 0.5
B wvery gently sloping b gently undulating 0.5+ tn 2
€ gently sloping c undulating 2+ to 5
D moderately sloping d gently rolling 5+ to 3
E strongly sloping e moderately rolling 8+ to 15
F steeply sloping f strongly rolling 15+ to 30
6 very steeply sloping g hilly 30+ to 60
i extremely sloping h very hilly over 60

S0IL DEVELOPHMENT ARRREIVIATIONS

BGW
ne

aoe
org

EB
0GH

Brunisalic Gray Wooded
Dystric Brunisel

begraded Dystric Brunisol
Degraded Eutric Brunisol
Uark Gray Chernoczen
Eutric Brunisal

Orthic Gary Mooded




DESCRI PTI ONS OF LANDFORMS ( CORDI LLERA AND PACI FI C CQOAST)
G G Runka

A, CGENERAL ORIG N OF LANDFORMS ( GENETI Q)
1. Aeolian
- materials |laid down by w nd
- sand and silt
- poorly to noderately well sorted

2. Colluvium
- loose material accunulated on and at the foor of slopes by the
various processes of nass novenent 9gravityO
- highly variable textures depending on source material (often
boul der-si zed material)
- unsorted to crudely stratified

3. Fluvial (Aluvial)
- Materials laid down by recent streans and rivers
- variable textures (few boul ders or coarse fragnents)
- noderately well to well sorted and noderately well to well
stratified.

4. dacial fluvial
- materials deposited by glacial neltwater
- gravel and sand
- ranges fromwell sorted and well stratified to poorly sorted
and poorly stratified.

5. (dacial) lacustrine
- materials deposited in quiet fresh water
- sand, silt and clay
- well sorted and well stratified.

6. (dacial) Mrine
- materials deposited in salt or brackish water
- variable textured (nost often silt, clay and sand)
- noderately well sorted and noderately well stratified, often
cont ai ni ng shells

7. dacial till (basal)
- materials deposited by ice directly w thout intervening
transportation by water
- variable textures (nost often heterogeneous m xture of sands, silts
and clays - sone often stony and boul dery)
- unsorted and unstratified.

8. Gacial till (Abaltion)
- materials deposited directly by ice with some nodification and
transportati on by glacial neltwater
- variable textures (often stony and boul dery)
- poorly sorted and partially stratified

9. Bedrock
- exposed consol i dated bedrock of various types
- no surface mantl e.



TABLE E. 16
SO L CATENA DESCRI PTI ONS

CATENA| CATLNA DERTH TO poM. SoiL 5T6. SOIL H,0 HOLD, | VEGETATIONAL | FOREST
SYMBOL ZONE LANDFORM | gyrorock | DEVELOPMENT DEVELORHENT Scan. ZONE cap. | ELEVATIOH
Orthic Grey Brunisolic Dougl fir- 4M -35 | 2500- t
R a uglas r 1500-4000
OR, rofina Basal i1l 5 Luvisol Grey Luvisol Righ Spruce Balsam| P1 - P1
T Hrunisolic 3] 1 fi Df3_£5_ 3s
f i Y ouglas r- 5 Qg-4000
HR Hester Basal till 5 Gigy Luytsoi High Srlrg:e Da1ean P *
ES
' Brunisalic Orthic Grey P Douglas fir- 3S 4Mm | 3500-5000"
KRy Hester Basal till 5 Hwey LavAsal i ead High sprﬂ“ BiVegsd PL BE |
ES
' Hrunfselic Orthic Dystric Doug] fir- 4M | 3500-5000"
1 ¥ uglas ¥ 35 oo 0
Ry fester Basal till 5 Grey Luvisol Brunisol High Sprgcu Balsam| P1 PI1
ES Of
1 Fun =
T Troy Basal till 51 LN = High Spruce Balsam gg 44560-6000"
- Orthic Humo =" Spruce Balsam| 511 6H | 6hoo-7000"
sy [/Rebiles | Bags) D10 &7 Ferric Podzp) High Alpine ES ES '
MO, Mission Ti11/Rock 5'/R arfﬁigsgfey Sﬁé;t;ﬁp Medium Douglas fir s™ Br | 2500-4500"
Pl Pl
2 Df Df
- . \ Branisolic Lithic pouglas fir- | 4 5% | 3500-5000°
JR, doe Rich | TH#11/Rock 5'/R Grey Luvisol Subgroup Kedfum Spruce Balsam Pf Pf
Df ES
5500-6500"
Orthic Hume Lithie Spruce Balsam (44
GR4 Graystoke| Till/Rock B /R FeVFTA Prdzot Subgroup Medium Alpine BR
GR, Graystoke| Ti11/Rack 5'/R e Tl |Adelks Dystute Medium Spruce Balsam g: .;E §4900-75000"
LA Larson fblation 5' /R Orthic Humo " v
1 tarric. Podzel - Low Spruce Balsam Eég gg 6300-7000
BE B
Alpine Glayed Alpine W
F‘Ez Pearson Ablation 5 Dystric Dystric Low Spruce Balsam | S5H ?H 60o0-7000"
Brunisel Brunisnl
ES B
B
Glacial ' Orthic Dystric : 2
HY 4 Hardy Fluvial 5 Brunissal - Low Dauglas fir :T 3000-4500
of
HY 4 Hardy E}“g;:] 51 Orthic Dystric | Orthic Eutric i DT 6% i gl svaosessa
" Brunisol Brunisel oy g s r Pl Pl -
Hyy Hardy E}ﬁ:::} N 5 Orthic Dystric Orthic Homo Mediu . gaYEamn M 4500-6000"
Brunisol Ferric Podzol SR Pruce-ga 4
ES
ial ffc Eutri z = >
oL, | Held Saciel 5 Srghite. tutris - Low Dougles fir [ 8# &4 | 2500-3500
Df Df
Glacial ‘ Grthic Humo Degraded = '
“02 Hoodao Fluvial s Ferrfc Fodzal |[Dystric Brunisol Medium Spruce Balsam ET A500-8900
£S
' Min{ Humo Orthic ‘e
Ly Loak Calluvium ) Ferric. BBdzEY Regosol Low Spruce Balsam g%{- 4500-6000
ES
2 Colluyium ‘ Dr{é;’c Oystric| Orthic Lutric - i . - '
F"Z Flatiron /Rock bR Brunisol Brunisol Low Douglas fir g'}' g']; 20002500
Df Of
i Colluvium : Lithic fumo " Grthic Humo " T : .
I’.Fl Klaof Rock 5" fR Ferric Podzol Farric Podzol Low Spruce Balsam gr;l gI: 4500-6000
ES
Fluvial- | .. | (Orthic Eutric| orthic Dystric | ., . i =y
I‘P‘ — Floodplain 4 Brunisol Brunizal-Orthic Loy Goualad Fir 31‘: :l?g reoummno
Regosol of
This water holding capacity reflects the textural class of the parent material. ie. G Gn Gmn = Hgh; FP
Col | uvi um = Low
Forest capability: MA |. Potentia
4M 3S ----- Subcl ass linmtations MA. 1. CLASSES Subclass Linitations
P1 Pl ----- Forest species 3 70-90 cu.ft./ac./yr A —arid climte
Df  Df 4 50-70 — soil noisture def.
ie. This land unit has the potential to grow bet 5 30-50 R - bedrock )
50-70 and 70-90 cu.ft. per acre per year of 6 10- 30 S — conbination of soi
| odgepol e pi ne and Dougl as fir. 7 0-10 factors
U - exposure



TABLE E. 17
FOREST COVER | NFORNMATI ON
Vol unme (Il ess decay) MCF

TYPE ACRES | FIR | CEDAR | HEMLOCK | BALSAM | SPRUCE LOEfﬁgﬂLE LARCH | COTTONWOOD | ALDER | TOTAL

F 4 15 2 ) 18

LF 210| 238 9 17 542 506
T SFPIL 87| 137 30 307 24 3N 2 531

SF 102 56| 143 18. 62 257 26 17 679
5 1,216 | 629 1,750 | 125 750 | 2,036 301 | 1,428 8,019

8s 2,590 4 17 1 [s.,200 | 3,543 230 8,996

S8 1,208 24 2 1,341 | 2,373 §40 __] 4,344

S8P1 130 1 1 149 305 a0 i 546

3 2-436_L__133L 1 383 584 7,031 2 1 14 8,128

PIL 4z7 | 249 75 15 1,038 89 1,566

P1S 174 b IJ 5 57 106 473 [ 6543

TOTALS

Nature 8,638 | 1,571 ] 1,015 | 144 |8,048 fin,.637 9,335 |2,208 3 14 | 34,376

Immature* 7,993 1

N. Forest 1,800

N.C.C. 5

18,432

* By 1980 approximately 1920 acres of the Immture will be Mature (especially P1).

and neasured basin yield. However, the nearly 3 inch nonthly flow difference
during the peak flow nonths of April, My and June can be accounted for since the
streamis influent at the gauging site. The followi ng are additive reasons for
the flow difference

i the peak flow during this tine period is predonminantly a function of snow
nelt, which was crudely estimated in the nodel as nonthly ablation with no
account of the effect of rain-on-snow events.

ii. as a influent stream upon which the streanfl ow gaugi ng station did not
have a conplete cutoff wall, the discharge difference of 3" could fl ow
beneath the cutoff wall and the outwash gravels in the cross-sectiona
area of 2000 sq.ft. for one nonth.

Since the major flow differences could be accounted for, it was felt to be a
futile exercise to match up the sinulated flow with the nmeasured flow by intro-
ducing 'correction factors' to the simulation nodel. Also recognized was the fact
that the sinulation nodel predicted total basin yield rather than streanflow For
t he purposes of simulating the hydrologic effects of land use, it was further felt
that differences in basin yield provide a better index of |and
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b)

use effects rather than streanfl ow since usable water supplies frequently involve
nore than that water realized as a surface expression of watershed response to
climtol ogi cal and | and use effects.

In order to sinmulate the effects of forest harvesting on the Pearson Creek
Wat ershed, a systematic cutting pattern was followed on the nodel. This involved
the renoval of forest cover at the rate of one grid square of mature forest (640
acres) per year for the 17 years for which mature ti nber was avail able for
harvesting. Using a clearcut and slashburn harvesting system and accounting for
sequential changes in regrowth of cutover areas, the yearly increnental and tota
basin yield were cal culated by the nodel (Table E.18). After 17 years of
sequential forest harvesting in the Pearson Creek Watershed, a total basin yield
i ncrease of 2.91 inches or 13.68% was obtained. In this particular watershed the
realized streanflow increase woul d decay as a result of a gradual increase in the
evapotranspirati on consequent with forest regrowth. First year yield increase is
the largest with subsequent years reflecting the effects of gradual regrowth of
the cutover areas and the redistribution of water surpluses fromthe cutover
areas to the water deficit areas supporting vegetal grow h.

Further to the understanding of the realization of water yield increases
following forest harvesting is the examnation of the nmonthly yields after 17
years of forest harvesting in Pearson Creek (Table E. 19). The increase in
nonthly yield during the snowrelt period is reflective of the evapotranspiration
reductions incurred, not during those nonths, but during the grow ng season. The
sanme applies to the fall season when the hi ghest percentage yield increases are
realized. The increased yields during both these seasons is in response to the
hi gher soil water contents originating in the growi ng season and subsequently
carried into those seasons when hi gh precipitation and snowrelt occur. G ven that
the storage conponent of the watershed is fuller after cutting than before, nore
of the inputs to the watershed are realized as basin yield or outputs other than
evaporati ve ones.

Tree Farm Licence No. 9

The kanagan (West) Tree Farm Licence (#9) is located, as its name indicates,
to the west of Okanagan Lake, approxinmately from Lanbly Creek in the south to the
northern watershed of Naswhito Creek in the north. To the east, the area is
bounded by the height of |and between Ckanagan Lake or |ands adjacent to it and
to the west, by the height of |and between the watersheds of Okanagan Lake and
the Nicola River. The key map (Figure E.7) shows the relationship of the area to
Ckanagan Val |l ey communities.

By judiciously extrapolating the findings of Goodell (1958, 1964) and Love
(1960) of the Fool Creek watershed cutting trails conducted in a physiographic
and climatic community sinilar to that of the Okanagan Basin, Colding (1967)
determ ned to possible increases in streanflow resulting from sustained yield
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STREAMFLOW RESPONSE TO SEQUENTI AL LOGE NG OF PEARSON CREEK

TABLE E. 18

Q\ET after 17

TABLE E. 19

o | 50 | S acn Jawn
0 0 21.28 0
1 28 4250" 21.57 0.29
2 29 4800" 21.72 0.15
3 24 3450" 21.89 0.17
4 25 3800" 22.04 0.15
5 26 4250’ 22.18 0.14
6 27 5100" 22.35 0.17
7 23 4150" 22,51 0.16
8 20 4800° 22.65 0.14
g 17 5300 22.83 0.17
10 14 4900" 22.97 0.14
11 8 5800" 23.14 0,17
12 9 5300" 23.30 0.16
13 6 5990 " } 23.48 0.18
14 4 6175' 23.75 0.17
15 18 4600 | 23.90 0.15
16 19 4400' | 24.0% 0.15
17 21 4000" 24,19 .14
in. or 13.68%yield increase

years = 2.91

MONTHLY STREAMFLOW RESPONSE OF 17 YEARS OF LOGGE NG ON PEARSON CREEK

573

e TR T DRI e—

J 0.111 0.111 0 0

F 0.11 0.111 0 0

M 0.085 0.035 0 0

A 3.102 2.914 0.188 6.45

" 9.530 8.669 0.861 9.93 |

J 5.680 8.896 0.784 8.81

J 0.138 0.046 0.092 200.00

A 0.127 0,088 0.039 44 .31

s 0.215 0.042 0.173 411.90

o 0.577 0.062 | 0.515 | 830.60

N 0.327 0.142 0.185 130.28

) 0.188 0.115 0.073 63.48
TOTAL 24.190 21.280 2.910 13.68

ET 11.51 15.01 3.50

B | 0.59 in. =

Sail Moisiure Recharge




harvesting of T.F.L. 99. The particular information used in the determ nation
i ncl udes:

- | odgepol e pi ne when clearcut effected a 67% yield increase in the first year
followi ng cutting on the cutover area.

- spruce-bal samwhen clearcut in alternate strips effected a 40.2% yield
increase on the cutover area in the first year follow ng cutting.

- Douglas fir in the drier habitats such as those found in the Okanagan Basin
were predicted (U S. Senate, 1960) to result in a yield increase of 7-14%
(average 10% on the cutover area).

Using the Terrace and Esperon Creeks as a basis for his extrapolation to the
entire T.F.L. #9, Golding (1970) assunmed a 40 year increase yield period and a
120-year rotation length. H's yield increases were devel oped on a forest cover
basis which, with the exception of |odgepol e pine which grows on alnbst all soi
types and throughout the full range of forested elevations, related reasonably
well to groupings of simlar biophysical zones (Figure E.1). His findings are
summari zed as foll ows:

COVER TYPE ANNUAL YI ELD | NCREASE (ac.ft.)
Lodgepol e pi ne 3045

Spruce- bal sam 3980

Dougl as fir 488

Ponder osa pi ne ni

Aspen _nil

7513 acre feet/year

This represents an annual yield increase of 4.9%on the entire T.F.L. #9 | and
area. Table E .20 sumuari zes the possible effect on water yield increase for
the entire T.F.L.#9 area resulting fromforest harvesting for a range of rota-
tion | engths.

TABLE E. 20

WATER YI ELD | NCREASES FROM FOREST HARVESTI NG

ON THE FOREST LAND OF TREE FARM LI CENCE #9

FOR DI FFERENT ROTATI ON LENGTHS

ROTATION LENGTH T“EEEEQR?Ntégﬁggiﬂgg
120 4.9
100 5.8
80 7.3
€0 N 9.8
40 L= 14.7
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c)

Extrapol ation To Cbtain Entire Basin Effects

In order to determine the total annual effects of existing forest harvesting
in the Ckanagan Basin on water yield increases, the data devel oped in the
Pear son Creek and Tree Farm Li cence #9 anal ysis can be judiciously

extrapol ated. In addition to the devel opnent of streanflow yield increases on
the basis of existing actual annual cut and different rotation lengths is
possible. It is also possible to arrive at an estinmate of the annual yield
increase for the Ckanagan Basin as a result of wldfire.

Using the Pearson Creek analysis, an annual cut of 640 acres by clearcutting
can be assuned which on a 120-year rotation would necessitate 120 square mles
of nmerchantable forest |and under sustained yield policy. Al so assuned is a
40-year period of increased yield. Fromthe sinmulated 17-year cutting results
in Pearson Creek an average yield increase of 0.17 in./square nmle cut or
23.3% square mle cut was realized. On the basis of a 40-year regrowh period
an increase of 11.65% square mle cut accrues. This results in an average
annual basin yield increase (120 square mle basin) of 3.87% Table E 21
sunmari zes the extrapolation of this data to the entire Pearson Creek Basin
for different rotation |engths.

TABLE E. 21
WATER YI ELD | NCREASES FROM FOREST HARVESTI NG
ON PEARSON CREEK
FOR DI FFERENT ROTATI ON LENGTHS

ROTATION LENGTH BASIN YIELD INCREASE % PRSI L SRERR
120 3.87 5269
100 4.64 6323
80 5.80 - 7904
60 7.78 10538
40 11.60 15208

Extrapol ating these results to the entire Ckanagan Basin is relatively
simple. In 1971, 4323 acres were clearcut and 5822 acres-were selectively cut.
Assumi ng that the selective cut has 75%the effect of the clearcut then the
actual annual cut on a clearcut basis was 8689 acres. Once again the rotation
l ength of 120 years and the 40 year period of increased yield are used. On
the basis of the 11.65% year per clearcut square mile and correcting for the
effects of selection harvesting, an average annual water yield increase for
the forest land north of Penticton and above 4000 feet under sustained yield
managenent is 3.3% The conparable value for yield increases on a hypothetica
40 year rotation are 9.935S and 12. 60% respectively.
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As has been pointed out, however, nmany areas within the Okanagan Basin
woul d nor reflect an increased water yield follow ng forest harvesting. The
percent yield increases reported are for only that area designated as
mer chant abl e forest north of Penticton above 4000 feet (approximately 1/4 the
total nerchantable forest and 15% of the total area of the kanagan Basin or
about 300, 000 acres.)

By adjusting the reported percentage water yield increases to a Basin
basis for two rotations, the existing one of 120 years and the hypothetica
one of 40 years, levels by which conparisons can be nade and effects eval uated
is made possible. Yield increases on a Basin basis are summarized in Table
E. 22.

In addition to the water yield increases experienced from forest
harvesting in the Ckanagan Basin are those as a result of wildfire. The
aver age annual acreage burned over in the Okanagan Basin is 5,377 with a range
bet ween 81 acres (1964) and 25,856 acres (1970). The possible effects of this
on water yield increase are presented in Table E.23.

TABLE E. 22
| NCREASE WATER YI ELDS ACCRU NG | N; THE OKANAGAN BASI N
FROM FOREST HARVESTI NG ON TWO ROTATI ON LENGTHS
EXTRAPOLATED FROM TWO METHODS

ROTATION LENGTH YIELD INCREASE % APPRox'“?zE_ﬁﬁTgR VIELD
Dry Year> Het Year*#*
Low High Low High Low High
120 yrs. 0.50 0.64 aoo | s12 | 3,715l 4,785
40 yrs. 1.50 1.91 1,200 [ 1,536 | 10,145 |14,376
1931
** 1948
TABLE E. 23

WATER Yl ELD | NCREASES FOLLOWN NG W LDFI RE
I N THE OKANAGAN BASI N ON AN AVERAGE ANNUAL BASI S

YIELD INCREASE % YIELD INCREASE %
KETHoD MAXIFUM YIELD ZONE BASIS BASIN BASIS
Pearson Creek .
Extrapolation 1.24 0.19
T.F.L. #9
Extrapolation 1.55 0.23
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a)

b)

It should be noted that these yield increases accrue independently of the
| ength of rotation.

RECOVVENDED ALTERNATI ONS | N FOREST LAND USE FOR | NCREASED WATER YI ELD

Changes in Rotation Lengths

As is evident fromthe previous section, the greatest potential for
i ncreasing water yields fromforest harvesting exists within the area of
shortening the rotation length. 1In a pul pwood econony it is realistic to work
on a 40 year rotation on the better growing sites. For other |evels of
merchanti bi lity, shorter rotations than 120 years nmay be possible, especially
on the higher elevation, water-rich growing sites. Any reduction in the
rotation length is a rotation length of 40 years three tines the vol une of
ti mber woul d be harvested over that for a 120-year rotation. |If the vol une
per acre is held as being constant, then this neans three tinmes the acreage
woul d be renmpbved in a 40 year rotation over that for a 120-year rotation

Harvesting Intensity and Method by Forest Cover

I ncreasi ng water yields, by forest harvesting, above those already
reported may have sone promise with respect to altering biophysical zones
devel oped in the Pearson Creek anal ysis into managenent zones, areas where
speci al concern for increasing water yield through forest harvesting can be
outlined. Table 3.24 presents the stratification of the Okanagan Basin into
wat er yi el d managenent zones.

TABLE E. 24
WATER YI ELD MANAGEMENT ZONES OF THE OKANAGAN BASI N

. WATER YIELD
ZONE BIOPHYSICAL TYPES ELEVATION SPECTES INCREASE*
RANGE (FEET) LR
inches
1 A,B,C,D 6000+ S+B 0.47| 67
2 U,P.H,L.E.F.6 4000-6000 S,B,P1 0.35| 47.7
3 0K H,T.S R, 1 3500-4500 P1.0F.S 0.32| 43.6
4 0 all riparian D.40C| 54.5
5 all 3000 all nil nil
== *

First year increase only/cutover area
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APPENDI CES
TO
(Prelimnary Report Task 180)
E 1 THE ROLE OF THE FOREST IN THE HYDROL.OG C CYCLE

The hydrologic cycle is the continuumof the processes of notion, |oss
and recharge of the earth's waters. The presence of forest vegetation
i nfluences certain of the processes in the hydrologic cycle. The nost
i nportant of these are precipitation interception and redistribution
evapotranspiration and indirectly, streanflow. Figures A1 and A 2 illustrate
t he hydrologic cycle and the role of the forest therein.

a) PRECI Pl TATI ON | NTERCEPTI ON

Interception loss is the portion of the gross precipitation which is
coll ected by the vegetative cover and subsequently evaporated. Tota
interception loss (on a stormbasis) may be represented as follows (Horton,

1919):
1% = ( % x 100)
wher e: | = total interception loss for the projected area of the

canopy (in.)
S = storage capacity of the vegetation for the projected area of

t he canopy (in.)

R =ratio of vegetal surface area to its projected area
E = evaporation rate fromthe vegetal surface (in./hr.)
i = precipitation intensity (in./hr.)

T = duration of stornms (hrs.)

Measurement of interception loss requires quantification of the terns
of the foll ow ng equation:

| =P -T —S

where: | = interception loss (in.)
P = gross precipitation above canopy (in.)
T = throughfall (in.)
S = stenflow (in.)

In general, the S conponent is quite small and is a function of bark
roughness: 0.01P - 0.15P for snooth barked species and 0.02P - 0.03P for
rough bar ked speci es (Chow, 1964).

Cimatic | nfluences

Cimate has a marked effect on the nmagnitude of interception |oss
whi ch may be sumari zed as foll ows:
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b)

i tenmperature effects on evaporation rates.
ii. wi nd effects on vapor pressure gradients.
. duration of storm (the shorter the stormthe greater the relative inter-
ception | oss).

iv. intensity of precipitation (the nost pronounced effect is with short, |ow
intensity rainfalls).

V. formof precipitation (interception |losses fromrain are nmuch |ess than
fromsnow.)

vi. seasonal distribution of precipitation

Veget ati ve | nfl uences

The interception loss is a function of the biomass and the spatial arrange-
ment of vegetation, particularly the surface area of the foliage and the geonetry
and physical properties of the vegetation. These vegetation paraneters are
i nfl uenced by species, age, density of cover and seasonal changes.

Quantitative Significance

Zi nke (1967) summarized the North Anerican literature pertaining to
Interception | osses fromvarious forest covers. The result is shown in Table
E. 25. The figures apply to interception of rain.

EVAPOTRANSPI RATI ON

Met hods of Eval uati on

Evapotranspiration is the consunptive use of soil water by cover vegetation
Potential evapotranspiration (P.E.T.) is the anount of water which would be
transpired by the vegetation under the limting factor of avail able energy. The
actual evapotranspiration (A .E.T.) is governed by the conbined effects of
avai | abl e energy and avail abl e soil water

A variety of nmethods of estimating evapotranspiration | osses have been pro-
posed. Most are linmted by the difficulty in the extrapolation of results of
single tree or single plot analysis to stand conditions, or in the sophistication
of the data required. These nethods include:

i soi | noisture depletion
ii. lysimeter studies

iii. ground water fluctuation
iv. water bal ance

V. ener gy budget

vi. soil nmoisture budget
vii. environnental factors
viii. effective heat



TABLE E. 25
SELECTED | NTERCEPTI ON ESTI MATES FOR CONI FEROUS STANDS

Abtow lanlocarpa (look.) Neto., sinple troe

S‘ in cubie inchea = 3583 Pr - 3487
Pleen ubies (L.) Karst, 20-year old plantation.
I_ = S8%
v
Pinus banksiana Lomb,
P‘_(n:orw) .05 0.1 0.3 > 0.3
Pzn! 60 70 80 80 + 2/3% per 0.1 incrcase in ?‘__

Picea engelmannii Parcy, single tree
§¢ in cubic inchos = 1035 P, = 301

Pinus contorta Dougl.
Sg < 0.0L in. per tree for 43 sunmer vafnstorms

Type of ntand and resfdunl

. volune in board feet Prnz
1. Virgin, 11,800 bd.fc./acre 63.1 B 0.8046 Pt - D.02%90
2. Cutover, 6000 bd.ft/acre B0.1 P‘_“ = 0.B677 l‘r - 0.0L49
3. Cutover. 4000 bd.ftr./facre 85.1 F_ = 0.9055 P - 0,0131
4. Cutover, 2000 bd.fr.facre 86.5 P = 0.8533 P - 0,0074
5. Clear cut (all trees over 92.8 P__ = 0.3397 F_ - 0.015]3
9.5 1a. d.b.h.) L s
Treatment effects: in second growth
Treatment 100% canopy LOZ canopy 40X canopy
none ctop tree siogle tree
Suwser P 3.68 in, 4.17 in. 4,33 4n,
rm: increase 0 13.3 12.7
Winter Psn 10.03 in. 11.72 4n, 12.34 1in.
me increase 0 16.8 23.0

b .
Al paddnsasas las Plantavion, 31 years old, 31 £t tall, stand improvement by prunings.

Hature etand, 120 ft. tall, California Interception logs &s percent of varlous storm siies in prused and unpruned.
1“_ = 14.5, 5-year pverage, store eize (in.) 0.00-0.0% ¢.011-0.04 0,041-0.16 0.161-0.77 0.771-0.331 Average
1, =0.10F + 0.09, Unpruned X 85 T4 59 25 14 21.4
sl 8 Fruned X 48 28 7 . 13 16 12.6

Young stend, 14 ft, tall, 79 percent crown coverage, California
Iﬂl. = 15.4%, S-year average. .

1.1 - ﬂ.ll?' + 0.01

Finus atrebus L.
96 percent canopy ]r.l = A3% =

1,4 = 37%, 20 year old plantation

£5-75-year-old srand, fully stocked, California T,q ™ 35%, 21-30 years ald
I, = 12% range < 72 to > BOX 5
_ruf-_ e Ty 9%, 61-80 years cld
h . Siugle tree (uverdage of 6 atorms).
Sp = AT = Pdstance from trunk in fect* O h.5 6 9
I, = 0.06 P «+ 0.09 ; 25% Bz 48%-11,2% (attributed to
81 oiiee ?'! @ boid edge of crown dedp).
1r1 2 A ‘
I_ = 0.06 P + 0.11, all storms > 0,5 in. Pscudotsuga neaziesid
v Dld growth, 1%9 cte 248 ft tall, Vancouver Island, B.C.
Stands in Colorado = Q4% anaual dgnoring scewflow, 57% summer with nil stemflow;
sf = nil. i nrnrizg ef i?—é.f! YEAT S S s
grovih, to Et tall, Yaneouver Jsland, B.C.
Iv = 16%, average rf snow and rain storms Iv = 31% annual igroring otesilow, 494 summer wich nil stemflow;
average of 5-1/2 yoars.
Pinua Teainosa Alt. . 0ld pgrowth, &7 te 116 fr tall
Piantation. 1] yoars ol Iv = 2B% znnusl dovecins ptenflow, 397 summer with nil stemflow)
l“ - 357 average of 5-1/2yeurs. :
Plantation, BS perceni canopy density, tuenty-one storms Denge old prowsh, Oregon
P 3 T, S Fe ™ 0.27% of P conullered inmipniflcant.
r T
in, in. % in. x in. z Toq = 34X winver, 24X surmef,
= 13.4 2.5 18.7 10.7 BO.1 0.1 1.2 Storm gplze dn Ziches 0-0.5 0.05-0.5 0.5-1.0 1.1-1.3 1.5-2.1
I“x 160 32 23 21 19

Tooudetiupa rinafent! (Mirb.) France —— Tsugn hoterophylla (Ral.) Serg.
Gld prowth, 144 to 205 fv tall
I“ = JAZ annual, 5313 surser.

= dupth of storm presipltation I' = grous wtors precipitation
{ruln) P__ = nut precipitacfon (ralnfall)
o dopth of olorm precipiticion L1

2 Gonon) g ™iner pEésipltatin o] 01 prowih, 77 te 110 ft eall
o™ tatal interception lozn Ini & panw Inteceeption lopg IU = 20% aanual, 30T pursmers
£ = Taln interceptlon long Sy etepllow Thaa plicata Bouti.

614 prewlh, 14% vo 196 fo call
, T, = 3% aunual, 40T

W Khroughfall

hverage of 5-1/2 years with oten(low 1znornd,



Evapotranspiration |osses on an annual basis are reliably estimated by the
wat er bal ance nmethod sinply stated as foll ows:
ET=P+Qzt%S
where: P = net precipitation
Q = runoff
S = change in soil water storage

This nmethod requires a calibrated watershed and | ong-term hydr onet eoro-
| ogi cal records.

Theoretical energy budget approaches can be used to estinmate the potenti al
evapotranspiration. The nbost comonly used nmet hod was proposed by Penman (1948)
who sinmplified the daily heat bal ance as foll ows:

R, - K+ ET
where: R = net radiation
K = sensi bl e heat exchange
ET = energy used for evapotranspiration
Sol ution of this equation requires proportioning the net radiation (R) intoits
conponents as foll ows:
ET = f(u) (e-e,)
K = V' (u (T, - T)
where: f(u), f'(u) = functions of w nd speed
e, = saturated vapor pressure at the surface tenperature T,
e, = actual vapor pressure of the air
T, = mean air tenperature a
= constant = 0.27 mm Hg/°F
It is obvious that the Penman equation has linited applicati on because of the
conpl ex meteorol gi cal observations required.

A nore easily derived estimate of potential evapotranspiration can be
obt ai ned using sinple climatic data, shown by Thornthwaite (1948). The fornul ae
devel oped are:

PET =cT

wher e:

m

¢ = coefficient

T, = mean nonthly tenmperature (°C)
a = exponent

which sinplifies to:

E=162( 10T )

m

where: | = Heat |ndex =
12

E(T,)1.51

m=1



Potenti al evapotranspiration estimtes nust be nodified to represent actua
evapotranspiration rates since, in reality, soil water becones an inportant limting
factor. Plants cannot use the available water (anmount of water held In the soil at
field capacity m nus the amount held at the permanent wilting point) at a constant
rate. Holnes (1961) showed that the ration of actual evapotranspiration (A F.T.) to
potential evapotranspiration (P.E. T.) changes at the soil dries and is a function of
the soil texture and the drying rate (Figure E. 10).
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Schermatic drying curves showi ng ratio of AE/ PE
plotted with soil noisture content for different
soils and drying rates.

Fi gure E. 10

Actual evapotranspiration is usually cal cul ated using potential evapotranspiration
rates altered in consideration of the soil noisture budget.

Edaphic and dimatic |nfluences

Evapotranspiration | osses are deternmned by certain climatic and edaphic
factors which include:

i. solar radiation intensity and duration, wind, relative humdity, cloud
cover and precipitation.

ii. length of grow ng season

iii. soil texture and structure

iv. soil depth

In general, situations of abundant precipitation distributed uniformy
t hroughout the year mainly as rain results in AET. = P.ET. In situations of
low summer rainfall and ow yearly precipitation mainly in the formof show
AET << PET



c)

Veget ation | nfl uences

The nature and extent of forest cover governs the evapotranspiration | osses.

Ceneral ly, vegetation influences include:

density - evapotranspiration |loss per unit area increases with density
until all the available energy is utilized.

age - highest evapotranspiration occurs during the period of
cul m nation of mean annual increnent.

speci es - al bedo, height, crown depth and geonmetry and surface roughness
are species specific. Actual differences may not be great bet-
ween full stands of different conposition except on dept soils
(Jeffrey, 1969).

STREAMFLOW

Quantity

Water quantity is wusually the difference between precipitation and
vaporization losses. The role of the forest in the determnination of water
yield is best evaluated in terms of the effects of forest renoval on

streanf | ow

Reqi ne
The effects of a forest cover on the distribution of annua
streanfl ow can be sumuari zed as foll ows:

i reduce peak flows by soil water depletion through evapotranspiration

| osses.
ii. reduce peak flows through retardation of snowrelt within the forest stand.

Quality

The mai ntenance of an adequate and continuous cover of vegetation is the
greatest deterrent to surface soil erosion (Wolridge 1968). Streanflow from
undi sturbed forests is generally clear except during periods of high
di scharge that acconpany heavy rainfall or rapid snownelt.

Vegetative influences which promote high water quality include:

i precipitation interception

ii. reduction of the force of raindrop inpact

iii. incorporated and uni ncorporated organic matter are sources for cenenting
agents which pronote the fornmation of |arge water stable soil aggregates
(Dyrness 1967).

iv. organic matter is abundant in soil mcro-organisms which often
i nprove already high infiltration rates (Martin et al. 1940).



Veget ati ve cover appears to be a key factor in slide resistance on steep
sl opes (Swansten, 1967) by the follow ng nmechani sns:

i. depletion of soil water through evapotranspiration and its influence on
the piezonetric head
ii. structural strength resulting fromthe presence of roots in the soil and
their penetration of cracks in bedrock
Chemical water quality is strongly influenced by vegetation. Nutrients are
added to, lost from and utilized by, forested ecosystens. Nutrients nmay be added

by:

i The atnosphere, in precipitation, dust or fixation by organism (alder trees).
ii. Mneral weathering (cations and phosphorus).
iii. Biological inputs including those influenced by nman.

Losses fromthe system nay occur:

i As di ssol ved and suspended constituents in streans.
ii. By renoval of nmaterials fromthe |and
iii. By release of NN P. and S. to the atnosphere by volatilization

The bal ance between inputs and |l osses to the forest determnes the quantity of each
chemni cal retained

Cycling and reuse of chenmicals (Figure E 11) is an inportant function in the
nutrition of the forest. A certain fraction of the nutrients taken up by trees and
shrubs and returned to the forest floors. Acted on by mcro-organisnms, the nutrients
rel eased are stored in hunus or soil layers or taken up again by the vegetation
This return and reuse phenonenon is often called the inner cycle. A certain anount
of nutrient elenents taken up by vegetation are retained in woody tissue. The anopunt
retai ned accunul ates fromyear to year and can beconme an inportant fraction of that
contained in the forest as the stand approaches maturity (Ovington, 1962).

Streans draining undi sturbed forest systenms contain chemical constituents not
taken up by vegetation, either lost by | eakage fromthe inner cycle or rel eased by
weat hering. Nitrogen |oss fromundisturbed forests is very small (Cole et al. 1968).
Losses of cations are also snall and controlled by the quantity of nobile anions
whi ch enter the soil solution. Because there nmust be a bal ance of charge in ionic

solutions, the loss of cations (K Ca, My, NH,) nust be bal anced by equival ent

amounts of anions (MColl and Cole, 1968). Bicarbonate anions forned by the
hydrol ysi s of carbon dioxi de rel eased by respiration of organisms - primarily the
roots of higher plants and deconposer organisns - are the principal anion source.
Both nitrate and phosphate anions are present in small be detectabl e anpunts.
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Chemical constituents also enter the forest systemin precipitation. Nitrogen
phosphorus and potassiuminputs nmay nearly bal ance | osses fromthe systemin drai nage
water (Cole et al. 1967). Anions in precipitation nay accel erate | eaching | osses
since anions are not readily held on exchange sites within the soil. Fortunately,
concentration of anions in precipitation is generally small. However, sulfate may
beconme an i nportant anion near sources of industrial pollution, and chloride occurs
in inmportant anounts adjacent to the ocean (noodie, 1964).

The effects of forest cover, especially riparian vegetation, on naintaining coo
streamwater is better discussed in Appendix E. 2 where differences between exposed
and covered streans are presented



E 2

a)

EFFECT OF FOREST MANAGEMENT ON THE HYDROLOG C CYCLE

Water Quantity

The goal s of managenent for maxi numwater yield are to reduce the water
consurmed by the forest, maintain the perneable soil structure, and rearrange
snow-fall so that it nore effectively contributes to streanflow. The forest
envi ronment and the processes governing it are inportant, not the trees
t hensel ves. Enough foliage nmust be grown to protect the soil, but it can cone
fromsmall trees or other plants. Shorter plants expose a thinner |ayer of
foliage for evaporation. Shallowrooted plants take | ess water fromthe soil
Patterns of tail forest alternating with patches of smaller vegetation create
a honeyconb that tends to concentrate snow and rain where it is | ess subject
to evaporative |oss.

The processes involved are conplex and difficult to quantify. |t appears
easier to develop satisfactory energy and water budgets for continents than
for a small forested nountain watershed with its conplex plant patterns and
exposures to sun, w nd, precipitation and sky.

The need to know what happens to water when forest conditions are changed
has led to a long series of tests on a watershed basis. The first started 60
years ago at \Wagon \Wheel Gap, Col orado, on the headwaters of the R o G ande.
Streanfl ow, sedinment yield and precipitation were nmeasured on two adj acent
dr ai nage basins, each covered with young aspen and conifer forests. Air tem
peratures, soil temperatures, relative humdity, wind-free water evaporation,
soi | noisture and snow accunul ati on were al so neasured. After a 9-year
calibration period the trees on one basin were cut, wth mni num soi
di sturbance. The conplete report, published 41 years ago, showed a sizable
increase in total streanflow, a slight increase in sedinent and no effect on
hei ght of fl ood peak (Bates and Henry, 1928).

Thi s pioneer experinent set a pattern for the watershed experinments that
foll owed for research nmethods, findings and the application of results in
forest |and managenment. The paired watershed method was effective for
determ ning changes in streanflow. The neasurenents of climatic factors and
soil noisture were interesting, but not helpful in explaining the results.
The absence of overland runoff (now known to be characteristic of forest
soi |l s) was considered unusual and readers we're warned agai nst appl yi ng
results to other forest lands in the region.



Begi nni ng about 35 years ago, a series of watershed tests were started which
confirmthat streanflow can be changed by changi ng forest conditions. A excellent
report was presented by H bbert (1965) appraising the results of 39 watershed
experinments throughout the world. He concludes (Table E. 26) there is no doubt
that forest reduction increases water yield. The indicated practical upper limt
of yield increase fromcutting high forest on snmall watersheds is 18 inches of
runof f per year. This can be expected only from areas of abundant precipitation,
with deep porous soils, a |long growi ng season and an originally dense forest
cover.

As woul d be expected, results varied considerably over a w de range of
climates, forest cover types, and geonorphic situations. For the United States,
there were two broad groups of data - one fromthe eastern hardward forest region
and one fromthe western coniferous forest. Increased yields about equal to the
estimated maxi num of 18 inches per year have been neasured in both the Southern
Appal achi an and Cascade Mountains. In the hardwood regi on, the increased runoff
dies away quickly as new growh is established. Appreciable effects last no
longer than 5 to 15 years unless natural plant succession is controlled. Effects
are nore persistent in the Wst, and sone experinments were closed before the tine
trend was established. Gbviously, the persistence of the effects and the cost of
nmeasures to perpetuate it are basic to econom c eval uati on of watershed
managenent .

For streans fed primarily fromnelted snow, the size and arrangenent of cut
areas are inportant A pattern creating protected openi ngs appears nost effective.
These openings trap nore snow than the surroundi ng unbroken forest, and a higher
proportion is converted to streanfl ow because of earlier and nore rapid nelting
and | ower soil moisture deficit (Hoover and Leaf, 1967). On a watershed in the
Fraser Experinmental Forest, where 50 percent of the commercial tinber was cut in
a checkered pattern of cut and uncut bl ocks, annual water yield has increased an
average of 3.7 inches for the 12 years after treatnent (an increase of 30
percent) and there has been no decrease with tine. Effects are largest in years
wi th abundant precipitation. This indicates that weather nodification and forest
wat ershed treatnents nay conbine in a synergistic manner to favor water yield.

Even though much remains to be | earned, present enpirical know edge is suf-
ficient to select areas where vegetati on nanagenment can increase water yield. It
is inportant to consider the nature of past experinments carefully before
proceeding to | arger-scale action prograns. Experinental treatnents consist of
hol es or windows cut into essentially continuous forest. The area treated is
subject to the effect of the surrounding forest. The largest clearing tested in
the East is less than 100 acres, and in the Wst 240 acres. Action prograns
shoul d not nake | arger openings, but rather nunerous snall openings. The desired
pattern is a nosaic of tall forest with interspersed areas of |esser vegetation



TABLE E. 26

LOCATI ON, DESCRI PTION. AND RESULTS OF WATER- Yl ELD EXPERI MENTS (_ HI BBERT 1967)

MEAN
Mld-{SLORE = 100 HEAN { wnfiuaL DESCRIPTION OF TREATNENT :
s W £ 4 AT - = ne
C Do FLOW unlees otherwise stated)
ne m £ . i inm ist [ Eng | Ird | &
16.1 | 810 26 HE |Kixed Hardwoods. Easal area about 24| 1829 782 1940, 100% e¢learcut, no removal, regrowth 370 283 275 2
mo/ha, Granite oprigin deeply weathered 1962, experipent repealed m
13.5 | 88% 84 KW | sandy clay loam; up to & m deep base | 1895 775 1941, 100% clearcyt, no removal, regrowth cul annvally )
rock tight except years 3,4 & § 408 361 255
38.8 | 1038 is n 2061 1275 1855, 50% poisoned in altarnate 10n strips no removal,
regrawth restricted 4 years 128 155 133 1
2a.7 | 260 32 W 2001|1222 1919, 27% hasal area cut [understory anly), reqrowth 71 B4 55
16.1 £40 33 s 1728 739 1958, 25% puisoned (cover hardwWwoods]), regrowth restricted
1 years, 14956-7, 100% clearcut, partly burned, pine
planted, regrowth restricted 152 48 45
9.2 n2s b s st 1874 6a7 1990, 100% aree wltarced for egriculture 27 25 55
B5.5 | 87% 23 SE 1854 | 1072 1942 to 1956, 30% basal srea cut by wncontrolled Yagging,
regrowth ' tveraged 25 mm g
$8.7 | 1065 46 sC 2029 1085 1865, 35% basa) erecs syt by selective Yogaing, regrowth averagnd 55 mm
20.3 11035 42 5E 1946 | 1052 |719%5, 27% basal ares cut by selective legging, regrowth nansignificans
8.8 | 790 3= Nk 1621 831 1242, [July), 192 elearcut [streambank wenetation], irmediate ssall
reqrowth stantificant on a
43.7 ()220 a7 He 2244|1583 | 1063, 100% clearcut, no reroval, redrowth 238
V44,2 | 1200 N NE 2370 | 1532 1562=4, 5i% clearcut. titber removal, 25X thinned,
rearowth 200 lapproxinase
29.9 | 755 23 HE Kénd Hardwoody. Bnsal area zbout 24 | 1524 584 1957-8, B5% basal area removed by commercial clearcut,
m°/ha. Sand stone & shale, stony regrawth 130 385 89
16.4 780 1% s s41t Joam, 1 to 1.5 m deep. 1500 660 1657-B, 36% basal area rcmoved by digmetar=-Timit cut,
regrowth 64 36
35.4 | TR0 14 KE 1933 | 762 1857-5, 22% basal area removed by extensive-selectfop cut
regrawth 36
34.4 805 13 5 1500 | 635 1957-0, 142 basal arca removad by Intensive-selection cut,
regrowth 8 (nonsignific
24.7 | 800 13 NE 1469 | 788 1964, 502 {upper half) area cut, tinber removed, regrowth
{some not pormitted 92 (growing ses
snoew)
95.% 700 28 KW || Coniferous Voleanie tuffs and brec- | 1962-3, 40% commerical elearcut shall increass §
cias, clay Toams, Shallow & deep ! 1963-¢, 402 additians] commerclal clearcut 3mal) Tnerease-,
101.2 760 iz L 2338 348 |‘I')51J. 42 area clearnd for rood censtryction seall insresqge ¢
| 1962-3, 252 clearcut & burned snall increzse |
1
55,1 | 840 17 $ thaparral with noed and riparian veg-| 648 64 |195:3. 1.7% cut {riparian wegatation pnly), sprouvts con- May - December 5
etation elong streams. OGranite, rocky trelled, grases encourayed January - Aprid
sandy loam, gendrally shallow 1959, additional 2.6% cut [canyon bottom vegetation) May - Dacember 5
sprouts controlled, grassps oncouraged . ;
30.% | 3089 3z 5 | 1959, 40% peisencd lchaparral on molst sites) repeated June - September
application of herbicide
100.5 | 2225 17 sW | Ceniferdus (ponderosa E‘n”' Quart- 813 a6 1953, 1% eut (riparian vegetation only),. sprovts con-
site, clay Yeam up te 5 m deop. [some troltled ransignificant
snow) 1950, 322 cleared [woist site) grass sended 13 15
128.7 | 2185 8 NW 213 87 1953-5, 10% basal ares cut by s=lective logging nonsignificane
1455, 6T basal area cut Ly thinning nons lgnificant
1957, 9% basal area cut ceduced by Burnping ngnsignificent




TABLE E. 26 ( CONT' D)

LOCATI ON, DESCRI PTI ON. AND RESULTS OF WATER- Yl EL D EXPERI MENTS (H BBERT 1967)

1200 1B [} Confrferous [ledgepole pine, spruce- 162 | 283 1984-7, 40% commercially cledrcut in strips, rFogrowth 85 s1 1% 97
fir). Granite, 'sandy loam. 2.5m deep|175% -
snow)
3o 37 NE | B4T Forested(aspen & Conifers) 536 | 157 1919, 1002 clearcut, some renoval, Slash burned, regrowth | <34 47 25 22
Augite, quarezite, rocky clay loan. |s0%
snow}
tontfers (spruce) 265 19416, Insects k11led up to 80% of timber on 30% of area | 58 (average for § )
200 40 E C;n:i_f_cr 603, broad leaf A2, Tuff (Eém 2375 1948, 100F cut, ennual recul of sprouts Y10 (average for 1
shile H
snow)
|'2204 5 N | Migh montane & vambos, Phenolite 19205 | 18 1959-60, 343 cleared for tes plantation, clearwseded g2
lovy, deep Frigble clay 1956, 100% cleared, pine planted, cultivation of wegstas
bles for 3 years
2eap s 2014 568 457 229 i3
Pedyced water yield
E34) a0 SH | Sclerophyl zerud (chaparral type) 475 1940, S3% afforested with plne 106 { 4-yr mezn) ai
E{27 30 5K 480 1942, 982 afforested with pine 142 [ 4-yr mean) a:
15p 14 54 | 30% hardWoods in 1933, Sedimontary, 970 | 300 1938-9, 70% reforested, mostly pine 135 (after 19 years
stit loams (Mtelg 4
snow |
V€0 1 £ 23% mixed horduoods & pine fn 1934 1230 | 25§ 1946, 75% raforested, mostly pine 76 to 152 (after 1€
Liestone, cherty stit loams
410 5 SE | 65% mixed hardwoods 1184 460 1934-42, 34% reforested, mostly pine no detecteble chans
525 15 5t | Wlaed Hardwoods & <onlfers o34 | 535 1932, 472 reforested, contfers 106 [after 26 year:
ET 3] 35 5 Shafes b sangsilancs overlain Oy TO30 | BI6 | 1337, 3% rElereated, cunjlars T [aTter &4 years
520 5 5 glactal 111, sandy loam 1t cecp 1030 627 1%31-9, 9.581 reforested, conifers 130 (after 24 years
|
i
575 1 Korthern hard woods with conifers, 1143 | 770 1512 to 1950, basal area ingreased from 17 to 28 utha 194 {after 28 poars
Glaciel til), sandy loam 1 m deep (some
snow
275§ Pouglas-fir, western hemlock, St)ty- 3300 | 2696 1216 to 1954, 64% 2rea logged at ritc of 2% per yedr,
clay leam & steny loam, Zm deep regrowth no detectabhle chang




b)

In snowpack country, such as the Colorado Rockies, the openings should not
exceed 8 times the heights of the surrounding trees and should be round or
square to best protect against wind of varying direction.

Most forest land is managed primarily for wood production. Sonetimes, wood-
produci ng practices will benefit water yield and the increased flow would require
no charge to water users. Were maximumwater yield is inportant, practices
desirable for water flow nay conflict with nmaxi num wood production (Trinble et

al. 1963). In these circunstances, the general public or those directly

receiving the water benefit will have to pay the costs

Know edge is now avail able to bracket the upper and lower limts of water
yield increase possible fromforest |and nmanagenent. Mich research is needed to
fully understand the processes involved, but that need not delay application of
what is known. Those concerned with water resources should consider forest |and
managenent along with other alternatives for increasing water supply (Hoover
1969).

REG VE

Renoval of forest cover will, as described, result in some increase in basin
yield. Mch of this yield will occur as a marked increase in peak flows.
Information derived fromthe Fool Creek study (Goodell, 1958) is indicative of

the type of flow regine that may be experienced on the Ckanagan Basin and is
shown in Figure E. 12.

The influence of forest managenent of low flows is unpredictable (Johnson,
1967). Docunented cases where | ogging increases |ow fl ows exceed cases where | ow
fl ows have decreased

Prol ongi ng spring runoff to coincide with periods of increasing water dermand
depends, to a large extent on influencing snow accunul ati on and nelt rates.
Techni ques of forest harvesting accurul ati on of snow and retardation of nelt
rates are described by Golding (1966). The main paraneters involved are aspect,
sl ope, tree height and direction of maxi num solar radiation. He reconmends:

i on north aspects strip width 1.5H (where H = mean tree height) for slopes
<20% and 2-4H on sl opes >20% with strip orientation EW

ii. on south aspects strip width 1.5H for slopes <20% O0.75H on sl opes greater
than 20% with strip orientation E-W

iii. on east and west aspects strip width 1.5H oriented NE-SWand NW SE respect -

ively.
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c)

QUALITY

Forest land use, as it affects water quality, involves tinber cutting,
| oggi ng, clash disposal, road construction and chenical spraying.

Ti nber Cutting

Ti mber cutting al one does not result in any appreciable increase in sedi nent
even though water yield may increase follow ng cutting (Hoover 1944). However,
direct effects on chenmical water quality and streamtenperature nay accrue

One of the few studies of the nutrient status of streans for which data are
avai | abl e was conducted on the H J. Andrews Experinental Forest in O egon
(Rot hacher et al. 1967). Nutrients in two treated watersheds were conpared to
nutrients in a control watershed. The concentration pattern of the cations
sodi um potassium cal ci um and magnesi um fol | owed cl osely the concentration of
bi carbonate, the donminant anion in the Stream (Figure E. 13). The annual cycle
of bicarbonation reached nmaxi mum concentrations during the warm season coi n-
cident with nmaxi mumrespiratory activity and m ni rumduring the cold season. The
i ncrease due to tinber harvest occurred mainly during the warm season and the
maxi mum fl ux of cations and phosphorus foll owed sl ashburning, but the flux of
nutrients subsided rapidly.
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Bi car bonate carbon concentration of streans after |ogging and after
broadcast burning on the clearcut watershed

Figure E. 13

Mean annual concentrations of cations and bicarbonate in the stream of the
cl earcut watershed consistently exceeded the concentrations in the contro
stream (Table E. 27). Concentration of all chemicals increased markedly foll ow ng
sl ashburning, with the | argest increase for the dicalent cations of calciumand
magnesi um



TABLE E. 27
VEAN ANNUAL CONCENTRATI ON OF DI SSOLVED CHEM CALS
OF STREAMS DRAI NI NG CLEARCUT AND. CONTROL WATERSHEDS
(mlligranms per liter)

LOGGING ONLY FOLLOWING SLASH BURNING
1966 1967 1968

CHEMICALS CLEARCUT CONTROL CLEARCUT CONTROL CLEARCUT CONTROL
Nﬁ3-N ) - - .110 .003 .001 .000
H03-N .020 .010 . 050 .003 . 200 .001

Na 2.700 2.600 2.600 2.000 - -
K .430 .420 .430 .330 . 380 .220
Ca 4.800 3.300 5.800 2.800 5.000 3.000
Mg 1.200 .700 1.900 .B00 1.300 .600

P04-P .024 .026 .039 .016 - -

The concentration of the two forns of nitrogen and phosphorus i s about
two orders of nagnitude |ower than the dom nant cations. N trogen appears in
the control streamas nitrate. Concentration rise in the clearcut was snal
during logging, but rose follow ng burning and increased to even greater |evels
t he second year followi ng burning. Mninumnitrate concentrati ons occur in both
streans during the sumer nonths when organi sns of the forest and the streans
actively use nitrogen (Figure E. 14).

04 L Clearcuy
—————— Contral undisturtiod)

MILLIGRAMS PER UTER
=] o
(X3 w
) L]

o
-
T

=+———— Logging e [ * Atar burning™

Nitrate

1560

concentration. Figure E. 14



Losses of dissolved chem cals were cal cul ated by the product of
concentration and streanflow. Annual streanflow fromthe clearcut watershed was
nearly 1.5 tinmes the control watershed. Annual |osses calculated in this manner
exceed the previous concentration data due to increase in streanflow (Table
E. 28). Although the anobunts involved are quite large, the increases are
noder at e.

Nutrient chem cals also enter the stream attached to sedi ment or
contai ned in organi c sedinent material. Anounts of sedinent and the anount
of sedinent entering the stream It is noteworthy that the | oss of manganese
on sedinent (Table E. 29) was the principal nechanismfor |oss of this el ement
whi ch was essentially absent fromthese streans in dissolved form Al though
i ncreases were |large, "the anpbunts |lost were small conpared with dissol ved
chem cal | osses except for nitrogen and potassi um

Forest cutting has been shown to have a detrinental effect on the
tenperature of streams. G eene (1950) studies the effect of clearcutting on
trout streans. He noted that maxi mum weekly tenperatures recorded during May on
the clearcut streamwere 13°F higher than those recorded on a nearby forested
stream Meehan et al. (1969) reported a maxi numtenperature increase of 9°F
after logging along an Al askan stream Patric (1969) reported a nmaxi mum
tenperature increase of 7°F when the lower half of a small watershed was
clearcut. The greatest changes in streamtenperature caused by clearcutting
were recorded during the Al sea Watershed Study in the Oregon Coast Range (Brown
and Krygier, 1970). No increases in tenperature attributable to | ogging could
be detected in the patchcut watershed, where buffer strips continued to provide
shade for the stream |In the clearcut watershed, nmean nonthly maxi ma were
i ncreased by 14°F during the first summer after |ogging debris was cleared from
t he channel. The annual maxi mum was increased by 28°F during the sanme year

The principal source of heat for these snall streans is solar energy striking
the streamsurface directly. Very little heat exchange at the surface as snall
streans results from convection, conduction or evaporation. Riparian. vegetation
pl ays the greatest role in the rate at which solar energy reaches snmall, forested
streans. An energy bal ance for a shaded streamis shown in (Figure E 15). Al of
t he energy bal ance conponents are very snall conpared to the energy bal ance
conponents of a snmall streamwi th no shade above it (Figure E 16). The factor
whi ch changes nost is Q,  , the net radiation, or in sinpler terms the direct
solar heat load. Variation in the degree to which the streamis exposed to direct
sunshi ne, therefore, accounts for nmuch of the nmagnitude of the tenperature change
of the streamfollow ng | oggi ng

Loggi ng

Extraction of tinber fromforested areas involves the use of heavy nachinery,
often on steep slopes, which can result in serious surface soil disturbance and
conpaction. Lowered infiltration rates results in increased surface runoff and

596
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TOTAL ANNUAL DI SSOLVED CHEM CAL LGOSS

TABLE E. 28

I N STREAVMS DRAI NI NG CLEARCUT

AND CONTROL WATERSHEDS

(pounds per acre)

LOGGING ONLY FOLLOWING SLASH BURNING
1966 1967 1968
CHEMICALS CLEARCUT CONTROL CLEARCUT CONTROL CLEARCUT CONTROL:
NH,-N - - 1.34 .025 .010 .000
NO,-N .23 .07 .62 .025 2.150 .007
Na 30.80 18.60 31.70 16.800 - -

K 4.80 3.00 5.40 2.800 3.100 1.600
Ca 54.30 23.60 72.70 23.500 54.700 21.400
Mg 14.00 5.00 23.40 6.700 14.300 4.300

FO, P .27 .19 .49 2130 = -
HCO4-C 51.30 25.00 64.00 31.000 35.500 20.700
TABLE E. 29

ANNUAL LGOSS OF CHEM CAL CONSTI TUENTS ABSORBED ON M NERAL SEDI MENT

PLUS THAT CONTAI NED | N SUSPENDED ORGANI C MATERI AL

(pounds per acre)

CHEMICALS CLEARCUT CONTROL CLEARCUT CONTROL
Organic N 3.4 .140 17 .140
K 1.1 .023 7 D22

Ca 2.8 .200 1.4 .400

Mg LT 027 1.0 .027

Mn 1.4 .020 7 .020




a related increase in sedinment discharge. The relation of disturbance to runoff
and erosion depends primarily on the kind, degree, location and continuity of
di sturbance (Packer 1967).

Tractor or skidder logging results in the greater disturbance because of the
presence of heavy equi pnent on the site during the extraction process. The quality
and | ocation of skidroads determ nes the anmount of sedinment provided by tractor
I ogging. A study at the Fernow Experinmental Forest (Reinhart et al. 1963) showed
how qual ity and pl anni ng of skidroads effects the amunt of sedinment in streans.
Maxi mum streanflow turbidity was as foll ows:

Control watershed 15 ppm
I ntensive selection-forester planned 25 ppm
Extensi ve selection-forester planned 210 ppm
Diameter linmt-1logger's choice 5200 ppm
Cl earcut -1 ogger's choice 56000 ppm

Cabl e logging is nuch |l ess destructive than tractive |ogging for the obvious
reason that heavy equi pnent remains on the haul road. Conpaction and soi
di sturbance occur on yarding 'roads' which often becone sources of sedinment
producti on. The disturbance from downhill yarding tends to be greater than uphil
yarding. Since there is a lower vertical |ift conmponent in downhill yarding the
operator has | ess control over the |logs and yarding 'roads' tend to concentrate
overland flow at the |anding.

Road Construction

O man's activities that disturb vegetation and soil in forests, few cause nore
damage to water quality than road construction. By exposing raw mneral soil
conpacting soil surfaces, altering surface and subsurface drai nage patterns and
reduci ng slope stability, road construction initiates increased surface erosion and
mass nmovenent. Table E. 30 shows sonme val ues of increased sedi ment | oads
attributable to road construction in road construction in forested watersheds.

TABLE E. 30
SOVE EXAMPLES OF SEDI MENT PRODUCTI ON ATTRI BUTABLE TO ROAD CONSTRUCTI ON

" i MAXIMUM TURBIDITY
LREATION GaNTRL AFTER ROAD CONSTRUCTION SRbReE
H.Jd. Andrews Exp. i e s -3 961
Forest 200 ppm 1n{Fwal 2 1/2 yrs. later Fredrickson, 1963
Zena Creek nil 89-17400 tons/sq.mi. Copeland, 1963
Coweceta Exp. 4-8-ppm 94-5700 ppm- -
Fool Creek nil 1.5 ft. 5/ sq.mi. Goodell, 1958

The extent of the detrinental effects of road construction is a function of
the climate, geology, soils, slope, area extent of roads and road gradient.



Road construction tends to increase the incidence of nmass novenent, part-

icularly on steep slopes and weathered till soils having a | ow cohesive strength
such as those of the upper elevation of the Okanagan Basin. Such incidents
include roadfill failure, backslope failure and soil novenent by concentration of

drai nage waters

Sl ashbur ni ng

Sl ashburning can affect the soil physical properties which control infilta-
tion capacity. The adverse effects of slashburning on soil properties influencing
infiltration are related to the severity of the burn. Severe burns reduce
macroporosity, destroy water stable aggregates, renmpve organic matter and can
| essen soil wettability. Reduced infiltration capacity increases the possibility
of the occurrence of overland fl ow and subsequent increases in surface erosion

Chem cal Spraying

The spraying of insecticides, pesticides and herbicides is not a common
forest managenent practice in the southern Interior and is usually undertaken
only when other forns of control are inadequate.

I ndi scrimnant application of biocides to |arge forested areas has resulted in
water quality deterioration, particularly detrinental to indigenous fish
popul ati ons. Exanpl es incl ude:

- aerial spraying of 11.5 million acres of spruce in New Brunswick with 1 |b./
acre of DDT for the control of spruce budworm which resulted in severe
reductions in Atlantic salnon and brook trout popul ati ons (Keenl eysi de, 1959).

- aerial spraying of 155,000 acres of forest |and on northern Vancouver Island
for the control of black-headed budwormwith Ib./acre of DDT which resulted in
severe danage to resident trout and sal nmon popul ati ons (Crouter and Vernon,
1959).
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