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APPENDIX E 

EVALUATION OF WATERSHED DEFORESTATION AND HARVESTING 

PRACTICES IN THE OKANAGAN BASIN  

(Reprint of Report on Task 180) 

Summary 
Forest harvesting in the Okanagan Basin can have a wide variety of effects on 

that area's water quality, quantity and regime.  Many of the effects can be 

related to the intensity of forest removal or, in other words rotation length. It 

must also be stressed that forestry has earned a poor reputation in the Basin 

through the proliferation of certain mythological aspects of its effect on 

streamflow such as: logging dries up the streams, logging causes floods.  Albeit 

logging may have adverse effects on terrestrial waters, but for the most 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 major importance in the arid Okanagan 

Basin.  In this respect, the Basin can be grossly stratified into three water 

yield increase zones: 

- South of Penticton 
- North of Penticton below 4000' elevation 
- North of Penticton above 4000' elevation 
 

Within these areas, an appraisal  of water yield increases from forest harvesting 

is possible. 

South of Penticton.  In this zone, any water yield increases accruing from 

high elevation forest harvesting will not be reflected in increased streamflow. 

This is due to in situ redistribution of water from surplus sites to deficit 

sites.  Thus, any forest harvesting in this zone, as in all other zones, should 

be concerned with minimizing water quality deterioration - especially sediment 

discharge from haul and skid roads and thermal pollution by stream exposure. Any 

increase in harvesting intensity would be reflected in localized site improvement 

by increasing available soil water. 

North of Penticton below 4000' elevation.  This zone is typified as the 

Ponderosa pine-parkland community and is a water deficity hydrologic system.  As 

such, any forest harvesting would not reflect in any water yield increases to 

streamflow.  Localized harvesting is probably best directed towards improving the 

carrying capacity of incorporated range lands.  However, in this region soils are 

particularly sensitive to the disturbance effects of harvesting activities and 

extreme caution should be exercised in the location and construction of roads to 

ensure that adjacent streams do not receive high discharges of sediment.  This 

area, because of its generally close proximity to Okanagan Lake, 
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is particularly sensitive to stream temperature increases (approaching lethal 

limits for fishery) following their exposure by forest removal.  In this 

respect, buffer strips should become a necessary component of forested-range 

and forest land management. 

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 most intensive forest harvesting, 

both presently and in the predictable future.  Within this zone, snowpack  

management considerations are an important aspect of land use hydrology. 

Water yield increases accruing from forest harvesting in the Okanagan 

Basin were estimated using modelling techniques and extrapolations of research 

findings from comparable regions.  This was dictated by a shortage of data on 

the hydro-meteorology of the Basin.  Interpretation of the data must be carried 

out very cautiously to avoid proliferation or creation of any more myths. 

It has been estimated by the B.C. Forest Service that there exists 

approximately 1.2 million acres of merchantable forest land in the Okanagan 

Basin in Canada.  Of this only about 300,000 acres are in the zone north of 

Penticton above 4000 feet.  Assuming a constant volume of timber per acre, the 

existing sustained yield management 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 compares with an actual annual harvest of 10,145 

acres in 1971.  This harvesting rate has been followed since 1963, before which 

harvesting rates were erratic and less than 25% of sustained yield levels.  For 

clarity, a 40 year rotation (i.e., 1/40th of the total harvested per year) 

would result in an annual harvesting of approximately 30,000 acres. 

Water yield increases accruing from forest harvesting in the approximately 

300,000 merchantable forest acres of the Okanagan Basin in the zone north of 

Penticton above 4000 feet on a 120 year rotation have been estimated to be 

between 3.31% and 4.20%.  These increases would only be realized within this 

zone (Englemann spruce and Subalpine fir forest type) and would likely be 

consumed in water deficit sites at lower elevations.  This includes correction 

for sequential regrowth effects on increasing evapotranspiration: a period of 

approximately 40 years for most sites.  Similarly, 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 Okanagan 

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 from the 

area north of Penticton and above 4000 feet, have been estimated to be 

between 1.24% and 1.55% annually. 
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However, as large as these streamflow increases may be, they are only for that 

area designated as merchantable forest north of Penticton above 4000 feet 

(approximately 1/4 the total merchantable forest and 15% the total area of the 

Okanagan Basin).  Forest harvesting in other zones of the Basin would have no net 

effect on streamflow quantity.  By adjusting the reported percentage water yield 

increases to a Basin basis for a 120 year rotation, levels by which comparisons can be 

made and effects evaluated are made possible.  Thus, on the basis  of the total 

Okanagan Basin annual water yield increases accruing from forest harvesting range from 

0.50% to 0.64%.  Similarly, the figures for the effect of fire are adjusted to be 

between 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 cumulative due to the effects of regrowth  on 

evapotranspiration consumption. 

 

Since the values reported for the 40 year rotation are never likely to be 

achieved since a 40 year rotation is too close to the regrowth time 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 limitations must be noted with 

respect to the reported increase in water yields following forest harvesting and/or 

wildfire: 

a.   Reported increases are too small to be measured by existing streamflow 

measurement techniques. 

b. Total water yield increases in major tributaries of the Okanagan Basin will very 

likely go undetected due to the low percentage yield increase from sustained 

yield forest management.  Any yield increase would only be reflected in a very 

small ( 50 km ) basins over which significant portions ( 75%) have been 

harvested or burned.  

c. Water yield increases accruing from forest harvesting in this area only become 

usable if they reach a stream channel.  Increased water transmitted downslope 

through the soil mantle would likely be consumed in water deficit sites below 

4000 feet elevation, thereby proving useless in augmenting water supplies for 

other purposes.  It has been shown that most of the annual water yield increase 

occurs in the spring and fall months thereby necessitating improvement an/or 

extension of reservoirs to hold water over to peak demand periods in the summer 

season. 

In conclusion, it can be safely stated that although streamflow increases will 

accrue from forest harvesting in the Okanagan Basin, the reliability and predictability 

of these increases will be inhibitory to planning for water supply. The authors feel 

that forest harvesting, with respect to water supply, should be concentrated in the 

area of minimizing water quality deterioration and increasing the general environmental 

stability of those lands upon which forest land management is occurring. 
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APPENDIX E 

EVALUATION OF WATERSHED DEFORESTATION AND 

HARVESTING PRACTICES IN THE OKANAGAN BASIN 

(Reprint of Task Report 180) 

E.1 INTRODUCTION 

 The cooperative Canada British Columbia Okanagan Basin Agreement has 

provided a framework by which a comprehensive, multi-disciplinary study of a 

selected watershed can be accomplished.  This study, which constitutes a small 

part of the Agreement, has as its objective a preliminary appraisal of the 

Okanagan Basin Watershed, in terms of vegetal cover and hydrologic 

characteristics by major biophysical zones, and an outline of the effects of 

timber harvesting on water quantity and water quality within these zones. 

 The complete realization of this objective is recognizably idealistic, 

especially in view of the scope involved which is as follows: 

 

1. Using existing data supplemented by some field reconnaissance, 

characterize a selected watershed into major biophysical zones and 

tabulate, by zone, the present and future harvesting rates.  Also, to 

tabulate present and future cover changes in forested range. 

2. To provide a preliminary evaluation of the effects of timber harvesting on 

water quality and quality by zone.  Limitations to harvesting rates 

imposed by sustained yield to be incorporated insofar as assigning 

significant effects (10%) on water quantity and quality to the various 

zones. 

3. To indicate zones in which forest harvesting might incite major problems 

of erosion and nutrient leaching as a consequence of roads and/or 

harvesting technique.  Also, the recommendation of special harvesting 

practices for certain zones. 

4. To outline zones where timber harvesting or afforestation have produced 

conflicts of interest such as fishery, domestic water supply and grazing. 

This report is an account of the existing state-of-the-art of forest 

land use hydrology of the Okanagan Basin within the limitations stipulated by 

the objectives and scope of Task 180.  In order to most effectively document 

the findings, this report has been structured as follows: 

 Summary 

 Section I    Introduction 

 Section II   Hydrologic Characteristics of the Okanagan Basin 

 -the data base upon which any hydrologic evaluation of land use in 

the Okanagan Basin must be formatted. 

 Section III  Forest Management Effects on the Okanagan Basin Hydrology 

 

 

- detailed analysis of available and applicable data with respect to 

the time and spatial effects of forest harvesting on water quantity 
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and quality. 

Appendix E.I     The Role 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 particular 

emphasis on the Okanagan Basin.  

Appendix E.2     The Effect of Forest Management on the Hydrologic Cycle 

- an evaluation of the impact of forest harvesting on the hydrology 

of environments similar to those of the Okanagan Basin.  Presented 

to complement those effects determined from data analyses. 

It is hoped that this report win be used not only as a source of 

information regarding land use hydrology in the Okanagan Basin, but also as a 

guide to the establishment of priorities in future work undertaken in the area. 
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E.II    HYDROLOGIC EFFECTS OF FOREST MANAGEMENT IN THE OKANAGAN BASIN  

1.   REQUIREMENTS FOR HYDROLOGIC IMPACT EVALUATION 

Methods for finding out the effects of natural or cultural changes on the 

hydrological regimen have been strongly oriented towards demonstrating that 

effects do occur, without providing much quantitative information that can be 

used elsewhere.  The translation of the research results can therefore be done. 

only by implication and be applied only to study basins that are closely compara-

ble to the research basins.  To aid the translation of results to other basins, 

hydrologic characteristics can be determined. This might help to establish not 

only that effects are observable, but also the magnitude of these effects. 

For a statistical analysis of the hydrological effect of natural and 

cultural changes, it would be necessary to replicate and to change treatments 

from one basin to another.  In experimental basin research this procedure is too 

costly, too time consuming, and too impractical.  Evaluation procedures are 

therefore dependent on time trends of flow after precipitation and other climatic 

factors have been taken into account.  For the study of the effect on the 

hydrological regimen of cultural changes several years of calibration (pre-

treatment), a treatment period, and finally a period of years of evaluation of 

the treatment effect are required.  This is not always feasible for the study of 

the effect of natural changes, but alternative successful techniques are not yet 

available. 

a)   Desirable Hydroloqic Conditions 

The most pressing and practical objectives for the setting up of experiment-

al basins are the study of the effects of cultural changes on the hydrologic 

regimen.  Cultural changes involve the artificial change of one or more basin 

characteristics, with a resulting change in some hydrological characteristics and 

include any changes in land use and/or land management 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 sometimes thought that research on the effect of a cultural 

change  on the hydrologic regimen is speeded up if duplicate basins are set up, 

on one of which the basin characteristics are kept as constant as possible during 

the investigation period.  This basin is called the control basin.  In some cases 

multiple replication is advocated.  This is not always desirable; the control 

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 more 

control basin(s) fosters the tendency to calibrate the experimental basin after 

only a few years of observation.  This does not necessarily give a representative 
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record of the typical local climate.  The climate during the calibration 

period, may, for instance, have been abnormally wet.  Moreover, the use of 

replication may give statistically valid results, but it does not necessarily 

contribute to the problem of translating the results to other basins. 
 

b)   Selection of Experimental Basins 

In the case of a single basin, selection is subject only to the 

conditions set out below.  The size should be as large as possible to increase 

the likelihood of measurable subsurface flow and to approach more closely a 

natural basin with the proviso that the maximum size should be less than 50 

square miles.  Single basins are not recommended because no possibility exists 

for comparing results. 

In the case of basin replication, normally two basins are selected, one 

of which is to serve as a control during the period of the experiment.  The 

two basins should be as similar as possible with respect to climate, 

geomorphology, pedology and geology.  The most important geomorphological 

factor is the aspects of the basins; similarity of aspect will increase the 

likelihood of similarity of climate.  The maximum sizes of the individual 

basins are somewhat less than those for single basins; in some areas it may be 

difficult to find similar basins of a reasonable size.  Two relatively large 

basins will, moreover, extend instrumental and observational problems.  The 

two basins need not be the same size.  Mean monthly discharges of two similar 

basins may correlate reasonably if the difference in size is no greater than a 

factor of ten. 
 

Important items for selection of basins are listed below. 
 

1)   Ownership of basin.  The first requirement of an experimental basin is 

that it can be manipulated at will since the purpose of an experimental 

basin is, a priori, the artificial change of one or more of its basin 

characteristics. 

2)   Operation of basin.  The topographical and access conditions must be such 

that the required land-use and land-management practices to be used can 

be carried out.  Access must be good for detailed research observations 

and in some cases opportunity must exist for buildings to be erected.  

Since experimental basins are, by definition, small basins, roads within 

the basin can have a very large effect on the hydrology and unless 

constituting part of the desired research results, should be kept to an 

absolute minimum and be installed before the experiment is started. 

3)   Uniformity of soil, vegetation and geomorphology.  Where possible a basin 

should be a simple soil-vegetation complex based on broad soil-vegetation 

groupings.  While a definite methodology for research on experimental 

basins is not clear, the selection of a basin on a soil-vegetation 

complex which is typical of a large area will aid in the ultimate 

translation of the research results. 

 

To facilitate research, a basin with simple geomorphological characteristics 
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must be selected if possible.  Many depressions (small swamps) win, for 

instance, create storage problems which are difficult to handle in analysis. 

4)   Deep percolation and channel infiltration.  Deep percolation is relatively large 

on small basins, especially on the more permeable soils, and must be accepted as 

a variable factor.  The prevention of channel infiltration is relatively more 

important on small basins and, if channel infiltration occurs, either an 

alternative basin must be selected or the channel sealed. 

5)   Aspect and climatic variability.  In mountainous regions it is desirable that 

the basin aspect is such that very shady and sunny faces do not exist 

simultaneously in the basin, since moisture conditions may be entirely different 

faces and make analysis of data very complicated. 

6)   Flow measurement.  Where possible perennial or intermittent flow is preferred to 

provide a measure of subsurface flow during periods of runoff.  Where conditions 

are such that only ephemeral streams are encountered, it is important that the 

basin size be large enough to ensure that during and shortly after storms the 

total flow measured at the gauging station includes some interflow.  A sharp 

distinction between surface and subsurface flow is artificial and some interflow 

must be measured to carry out basic research and to aid in the ultimate 

translation of the research results to other areas. 
 

It is important that the study period be of sufficient length to ensure that the 

climate during the study is representative of the long term climatic 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 from an experiment is whether the land use of the basin 

under study affects streamflow, then all that is required is a reasonably accurate 

measure of that parameter.  However, if an understanding of the phenomena resulting 

in the change of streamflow from a particular land use and or extrapolation of the 

results to other areas is desired the various types and intensities of basin 

parameters is required. 
 

c)   Available Conditions and Data 

At this time no suitable single or paired watershed experiments, by which the 

hydrologic impact of deforestation can be evaluated, exist in the Okanagan Basin.  

This required that the effect of forest harvesting on water quantity and water 

quality be evaluated on the basis of available data of acceptable or candidate  

basins.  However, this proved to be of little utility as the following instructive 

outline of available conditions indicates. 
 

Precipitation 

According to data available from Atmospheric Environment Service, twenty 

stations with sufficient length of record to be included in the 1931-60 normals 

for precipitation lie within the Okanagan Basin.  By Canadian standards this is 
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a fairly dense network (150 sq.mi./gauge).  However it is heavily biased 

toward the valley floor with 75% of the sites below 2000 feet and only three 

stations above 4000 feet, which is near the mean basin elevation.  In 1970, 

24 precipitation stations were either added or re-activated for the Okanagan 

Basin Study, and of these 8 are above 4000 feet elevation.  Thus, the 

emphasis of precipitation measurement was maintained at a low elevation and 

clustered distribution. Precipitation in the form of snow has been measured 

at snow courses, however no recent data concerning snowmelt are available.  

Most of the data collected from the recently installed (1970) stations has 

yet to be summarized and reported in a usable form. 

Temperature 

This parameter has been measured at only some 15 stations in the Okanagan 

Basin with sufficient length of record to be included in the 1931-60 normals 

for temperature.  As with precipitation, the emphasis of station location was 

at low elevations and clustered in areas of high population density.  The 

expansion of the network and the re-activation of old stations within the 

Okanagan Basin resulted in the addition of only two more stations recording 

temperature at elevations greater than 4000 feet.  As with precipitation 

data, only a fraction of the total temperature data has been rendered to an 

easily accessible and usable form. 

Other Climatalogical Parameters 

In order to get a reasonable estimate of the water lost from the Okanagan 

Basin by vapor transport, data required in the calculation of this flux 

according to physical processes or direct measurement 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                   NUMBER 

Hygrothermographs                    6  

Sunshine recorders                   3  

Net radiometers                      2  

Class "A" evaporation pans           6 

Anemometers (totalizing)            10 

Anemometers (recording)              2 

Many of these are located in remote sites at elevations 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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Streamflow 

While it is true that both the Water Survey of Canada and the B.C. Water 

Resources Service maintains significant number of stations for the 

measurement of either stream stage or discharge, most of them are located on 

major streams in the basin near their mouths (Okanagan Lake).  Most of those 

stations for which long term records are available are located on streams 

whose watersheds have undergone extensive cultural changes such as forest 

harvesting, grazing, various agricultural activities and reservoir 

installations on either the main stream or several of its major tributaries. 

Of further note is the fact that many of the stream gauging stations are 

so constructed and installed as to monitor streamflow as compared to total 

watershed yield.  That is to say that only surface water flow is measured 

while groundwater or subsurface flow, which can be very significant in the 

outwash terraces of the Okanagan Basin, goes undetected.  Of those stations 

instituted as part of the expansion program for the Okanagan Basin Study, 

many are desirably, from a landuse hydrology viewpoint, located on small high 

elevation forested watersheds; however the records from these stations are 

not yet long enough to adequately establish streamflow response normals for 

the watershed in an undisturbed state against which streamflow response 

normals of the same watershed following land use can be compared. 

Unfortunately, presently available data for the evaluation of the hydro-

logic effect of watershed deforestation is inadequate.  In addition to those 

aspects previously noted, the major disadvantage is having no tributary 

watershed within the Okanagan Basin bearing a full complement of 

instrumentation.  If sufficient data is lacking to get a handle or even a 

crude estimate on the water balance of a watershed, then the likelihood of 

developing any meaningful cause and effect relationships between land use 

activity and the quantity, quality and timing of stream flow is somewhat 

tenuous. 

2.   DESCRIPTIVE AND HYDROLOGIC CHARACTERISTICS OF THE OKANAGAN BASIN  

a)  Location and Extent 

The Okanagan Valley is situated in southern British Columbia, near the 

east side of the Interior Plateau region.  In a northerly direction it 

extends from north latitude 49°20' (the south tip of Skaha Lake) to 49°38' 

(south of Shuswap Lake), and has a mean longitude of 119°30' west. 

In length the Okanagan Basin stretches 89 miles and occupies an area of 

3100 square miles.  The southern half of the basin varies between 3 to 6 

miles wide while the northern part near Armstrong is 12 miles wide. 
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b)   Drainage 

In its northern part, the Okanagan Valley is drained by the Salmon and 

Shuswap Rivers which flow into Shuswap Lake.  The Salmon River enters the Okan-

agan Valley at Glenemma and flows northward.  The Shuswap River originates in the 

Monashee Mountains near Revelstoke and, after passing through Sugar and Mabel 

Lakes, enters that part of the Okanagan Valley known as the Spallumacheen Valley 

at Enderby. 

A significant feature of the Okanagan Drainage is a low divide approximately 

one mile east of Armstrong in the Spallumacheen Valley.  South of this point the 

waters are tributary to the Columbia River. 

In the main trough of the Okanagan Valley lies Okanagan Lake.  Stretching 

some 69 miles in length and approximately 2 miles in width, the lake occupies. an 

area of 127.3 square miles.  Low water in the lake is 1120 feet above mean sea 

level.  With the south end of the valley 227 feet lower than the north end, 

Okanagan Lake drains into Skaha Lake and thence into Vaseux and Osoyoos Lakes. 

c)  Climate 

The climate in the Okanagan Basin is responsive to two major gradients; 

latitude and elevation.  With respect to latitude, it is generally accepted that 

the southern part of the basin (near Penticton) receives less precipitation and 

has higher mean monthly temperatures than its northern parts (near Enderby). 

The mean annual temperature in Armstrong is 44.6°F, while southward at 

Oliver it is 47.9°F.  (Climate of B.C. 1970).  In the southern half of the basin 

only 50% of the winters have short periods of below-zero temperature, while in 

the north, below-zero temperatures are more frequent.  During these periods of 

below-zero temperatures, the smaller lakes are covered by ice, although Okanagan 

Lake is generally ice free. 

Precipitation in the Okanagan Valley is supplied primarily by low pressure 

systems passing from west to east.  During the summer months these systems are 

more widely spaced, and any precipitation occurring is from thunderstorms or 

localized convectional storms. 

Within the Okanagan Basin, precipitation distribution is strongly expressed 

with respect to elevation and latitude.  At the north end of the Basin 

(Armstrong), mean annual precipitation is approximately 17.2 inches with a 

decreasing trend southward to Oliver, which annually receives approximately 10.8 

inches.  At any latitude precipitation on the ridge tops (4000 feet elevation) 

may be as much as double that occurring at the lake elevation. 

A significant proportion of the precipitation input to the Okanagan Basin is 

in the form of snow.  This proportion varies between 50% at the lake level to 

140% at the 5000-foot elevation. 
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The quantity of snow input to the Okanagan Basin is sufficient to 

warrant intensive snow surveys at the time preceding snowmelt runoff. 

To examine the change in climate with elevation, a profile of the east 

side of the Basin, midway in latitude (near Kelowna) has been constructed 

(Figure 2.1).  To determine the relative values of precipitation and 

temperature with elevation, the following climatic stations were selected: 

    STATION         ELEVATION        EXTENT OF RECORDS 

          Kelowna            1100 feet     30 year normals to 1970  

Joe Rich Creek     2870 feet              -do- 

McCulloch          4100 feet              -do- 

Big White          6050 feet              -do- 

Values of monthly potential evapotranspiration were derived from the mean 

monthly temperatures of the selected stations using Thornthwaite's equation. 

d)   Soils and Topography 

i)       Origin.  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 Pleistocene Period.  Tributary streams to the main Okanagan Valley later 

transported sorted till materials, laying down gravelly, sandy terraces over 

the lateral moraines left by the ice-sheet (Figure E.1).  The material 

deposited   by the post-glacial erosion cycle on fans and flood plains 

consists mainly of freshly worked till and reworked terraces. 

ii)      Formation and Zonal Distribution.  There is general agreement among soil 

scientists that geographic areas controlled by the same macro-climate have 

their own Zonal Soil Great Groups.  In the Okanagan, these soil groups can be 

divided into  two broad categories: those developed under grass and those 

developed under forest. 

The grassland soils are characterized by an accumulation of organic matter 

in the surface mineral horizons.  The forest soils have a layer of organic 

litter on the soil surface.  The natural grassland soil group separations are 

the Dark Brown and Black Soils.  The forested soils can be separated into the 

following groups based on the degree of weathering.  In order of increasing 

weathering and leaching they are: 

Brown Wooded Soils Gray 

Wooded Soils  

Podzol Soils 

In Figure E.1  the Orthic Eutric Brunisols are found under grassland and in the 

transition between the grassland and the Ponderosa pine forest type.  The 
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BIOGEOCLIMATIC PROFILE ---- OKANAGAN LAKE (KELOWNA) Figure 
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substratum is composed of primarily lacustrine deposits forming deep beds of 

stratified silt, clay and fine sand.  Humus accumulation is small and the 

profile is marked by a strong calcarious development. 

The Brown Wooded Soils also represent soils of little weathering.  Found 

under stands of Ponderosa pine and mixed Ponderosa pine - Douglas fir, with an 

annual precipitation of approximately 15 inches, these soils are characterized 

by a horizon of free lime which has been leached to a depth of 15 to 20 inches. 

Under the influence of the forest, humus has accumulated in the upper two 

inches to form an Ah horizon.  This soil is high in lime and other bases, but 

is droughtly due to climate and exposure. 

Increasing elevation and precipitation give rise to the Orthic Gray Wooded 

and Brunisolic Gray Wooded Soils (Figure E.1).  Developed under 25 to 35 inches 

of annual rainfall, these soils are of grayish color and are characterized by 

an Ae horizon from which most of the clay and sesquioxides have been leached to 

the Bf horizon.  If the soil developed from a calcarious parent material a 

horizon of calcium carbonate may also be present. 

The soils are slightly to moderately acidic in reaction, but still retain a 

moderate base status.  They can develop under Douglas fir or mixed Douglas fir 

- Lodgepole pine stands, but commonly under a dense Spruce - Balsam or mixed 

Spruce - Balsam - Lodgepole pole pine stand.  A thick moss layer (2-3 inches) 

is often present on the organic litter. 

A further increase in elevation results in increased weathering, 

particularly in the primary materials with a high ferromagnesium content.  

Other more soluble basic materials are leached completely from the profile, 

leaving the characteristic Bf horizon of the Mini-Humo Ferric Podzol.  The 

parent material of these soils is moderately acidic and medium to coarse in 

texture.  These soils are often found in association with the Alpine Dystric 

Brunisol (Figure E.1). 

e)   Vegetation 

The distribution of Climax Forest Vegetation in the Okanagan is represented 

in Figure  E.1. Similar to the development of soils, climax forests are 

responsive primarily to climatic influences and can therefore be classified 

zonally.  Within each zone variation from the mesic habitats due to soil and 

topography adds a third dimension to the phytoceonotic component.  The net 

effect is to vary the zonal (mesic) interval. 

Figure E.1 represents three basic Climax Forest Types in the Okanagan.  They 

include: 

Ponderosa pine Type  

Douglas fir Type  

Spruce – Balsam Type 
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Mixed 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 

which modifies the zonal or mesic habitat. 

Lodgepole pine, because of its dependence on fire, can occur in all zones 

as a subclimax and is often present in mixed composition with all climax types. 
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E.III   FOREST MANAGEMENT EFFECTS ON THE OKANAGAN BASIN HYDROLOGY  

1. EXISTING LEVELS OF FOREST LAND USE IN THE OKANAGAN BASIN  

a)   Forest Cover Removal by Forest Harvesting 

Tables E.1 to E.8 show the development and present state of forest 

resource management in the Okanagan Basin.  Generally, timber harvested in the 

Okanagan Basin can be separated into two major groups: that cut on Crown Land 

administered by the B.C. Forest Service and that removed from Tree Farm 

Licence land managed by private companies. 

Timber on Crown Land within the Okanagan Public Sustained Yield Unit 

(P.S.Y.U.) is dispossed of primarily by Timber Sale and Timber Sale Harvesting 

Licence, to the limit of the annual allowable cut.  The calculated allowable 

annual cut in the Okanagan Public Sustained Yield Unit was 17,756M cubic 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 limit 

of the allowable annual cut as determined by sustained yield policy, would 

result in cutting on 8,057 acres of forest land. 

 

TABLE E.1 

ALLOWABLE ANNUAL CUT (M c.f.) 

 

The cut from Tree Farm Licences #9 and #15 accounts for the remainder of 

the forest harvest in the Okanagan Basin, excluding unregulated cutting such as 
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TABLE E.2 

ACTUAL ANNUAL CUT (M c.f.)  

Okanagan Public Sustained Yield Unit 

 

TABLE E.3 

ACREAGE CUT OKANAGAN PUBLIC SUSTAINED YIELD UNIT 
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TABLE E.4  

ACTUAL ANNUAL CUT TREE FARM LICENCE #9 AND #15 (M c.f.) 

 

 

 

 

Since 1963 Inclusive  42,478 

TABLE E.5  

ACREAGE CUT TREE FARM LICENCE #9 AND #15 

 

  

 

N.B.  You may assume 1.2 M.c.f. cut per acre, and complete acreage tables  

on this basis. 

TABLE E.6 ACREAGE BURNED BY WILDFIRE 
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that from Indian reserves.  The actual cut in 1971 and Tree Farm Licences #9 

and #15 was 8,393M cubic feet, from 3,522 acres (Tables E.4 and E.5). 

Table E.2 shows the breakdown by species of the actual annual cut in 

the years 1965 and 1966.  The relative importance of the forest types, in 

terms of volume removed is: spruce-balsam Douglas fir Lodgepole pine  

Ponderosa pine. 

The major silvicultural systems of forest management employed in the 

Okanagan Basin are single or group tree selection and clearcutting.  

Selective cutting has been primarily applied to Ponderosa pine and Douglas 

fir forests where silvicultural requirements are precluded by the uneven aged 

nature of the stands. Clearcutting is more compatible on the more even aged 

stands of spruce-balsam and lodgepole pine.  Of the 10,145 acres logged in 

1971 43% were clearcut and 57% were selectively cut. 

b)   Catastrophic Vegetation Alteration 

Insect and pathogen attacks on forest vegetation in the Okanagan tend to 

be localized in their extent and influence.  Although a variety of insects 

and pathogens are endemic to the area, little data is available on the extent 

of losses. 

Wildfires are the most prevalent and serious form of natural disturbance 

in the Okanagan Basin.  Table E.6 documents the amount of forest land 

decimated by forest fires in recent years.  Ah average of 3,254 acres of 

forest land is burned annually and in some years fires remove more forest 

cover than harvesting. 

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

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

- expanded production to attain the allowable annual cut under present 

sustained yield policy. 

- reduction in rotation lengths. 

The achievement in equality between actual annual cut and allowable 

annual cut will result in an increased amount of forest land harvested 

annually.  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 

allowable annual cut was 17,756 cubic feet from an estimated 8.057 acres.  

Under present rotation lengths, cutting to the allowable annual cut would 

raise annual water yield increases by an additional 22 percent of existing 

yield increases. 

Present forest land use in governed by a sustained yield forest 

management policy based on a 120 year rotation length.  Any decrease in 

rotation length would increase the percentage of time the area is 

contributing to a yield increase. 
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Maximization of wood production from forest land occurs at a rotation 

determined by the culmination of the mean annual increment (M.A.I.)  Table 

E.7 shows the results of Stanek's (1966) investigation of some interior 

species. 

TABLE E.7 

AGES OF MEAN ANNUAL INCREMENT CULMINATION BY SPECIES AND SITE IN 

THE OKANAGAN BASIN 

 

 

 

 

 

 

P1 = lodgepole pine,  S = Spruce 

In consideration of optimum rotation lengths for maximization of the 

value of forest products, the use of financial rotations is necessary.  Haley 

(1964) and Smith and Haley (1964) found financial rotations for coastal 

Douglas fir were generally shorter except on the poorest sites. 

Golding (1967) suggests financial rotations of 50 years for lodgepole 

pine and 80 years for spruce and Douglas fir as being realistic, especially 

in a pulpwood economy.  These rotations would give approximately twice the 

annual water yield increase realized under present management. 

2. STREAMFLOW EFFECTS OF EXISTING FOREST LAND USE IN THE OKANAGAN BASIN  

a)   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 streamflow 

quantity could be carried out as discussed in previous sections, a small 

watershed within the Okanagan Basin was selected for detailed process 

analysis. Pearson Creek, a 29-square-mile tributary watershed to Mission 

Creek (Figure E.2), was selected on the basis of the following criteria: 

i.   Most of the watershed area was forested and amenable to commercia1 

forest harvesting. 

ii.  The area had yet to experience any major land use changes. 

iii. A reasonable spatial representation of the climate, soils, forest cover 

and drainage was available. 

iv.  Preliminary analysis indicated that the main part of the watershed 

exhibited conditions of water surplus with no major portions 

exhibiting water deficits. 

v.   The watershed was of a nature whereby the possiblity existed for 

establishing it as a research basin for future studies. 
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 LOCATION OF PEARSON CREEK Figure E.2 
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To overcome the inherent problems of short-term data on an upaired, 

untreated watershed a simulation model was developed in order to permit the 

potential changes in streamflow quantity resulting from deforestation and forest 

harvesting practices.  The model had as its base the fundamental water balance 

equation: 

Q = P - E +- AS  

where Q = streamflow (inches) 

P = rainfall and snowmen (inches)  

E = all evaporative losses from the system (inches) 

•S = change in soil water storage (inches) 

Thus, given an adequate description of each of the parameters on the right hand 

side of the equation, streamflow, or more appropriately, basin yield, can be 

computed over a predetermined time interval.  For purposes of consistencies the 

model was constructed to operate on a monthly basis.  The computerized 

simulation model does nothing much more than carry out a very fast budgeting of 

a large array of inputs and outputs and compute a monthly total discharge. 

However, in order to identify the ecosystem components influencing the effects 

of forest harvesting on water quantity and thereby permit the extrapolation of 

the results, several physical processes were incorporated into the model.  The 

most notable of these processes was the realization of actual evapotranspira-

tion as a function of the following system parameters: 

i. Calculated potential evapotranspiration on a monthly basis.  

ii. Characteristics of initial vegetative cover and successional trends 

following the removal of the original cover by fire or forest harvesting.  

iii. Upper and lower limits of soil water storage by soil type.  

iv. Soil water conductivity by soil type and site slope position and angle. 

Within the limits 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 month, an iterative 

process is carried out within the model. 

In order to have the model as closely as possible simulate the real water-

shed the inputs were stored on a grid square method.  A one-square-mile grid 

square was superimposed on the watershed as close as possible to the natural 

watershed divide (Figure E.3).  Each of the squares was characterized hydrolog-

ically by assigning appropriate input values of precipitation and snowmen 

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 elevational 

extrapolation of the precipitation data presented in Table E.8 and E.9.  Since 

no simple model of snowmelt has yet been developed, snowmelt input for each 
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PEARSON CREEK WATERSHED – GRID ANALYSIS

Figure E.3
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TABLE E.8 

MONTHLY AND ANNUAL PRECIPITATION IN INCHES 

BIG WHITE Elev. 6050 

 

 

McCULLOUCH Elev. 4100' 

 

 

JOE RICH Elev. 2870' 
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TABLE E.9 

PRECIPITATION NORMALS 

BIG WHITE* Elev. 6050’ 

 

 

5000-6000'Elev.* 

 

 

McCULLOCH Elev. 4100' 

 

JOE RICH Elev. 2870’ 
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square was assigned on the basis of the elevational extrapolation of the 

snow depletion rate as determined from snow course data presented in Table 

E.10. From these tables it can be seen that the recent precipitation inputs 

are in close agreement with the longer-term records. 

TABLE E.10 

SNOW COURSE SUMMARY  

(a) McCULLOCH-Elev. 4200 

 

(b) MISSION CREEK-Elev. 6000 

*Source:  British Columbia Snow Course Data Summary. B.C. Water Investigations Branch, 

Victoria, B.C. 

Potential evapotranspiration was calculated according to the method 

developed by Thornthwaite (1948) using the information presented in Tables 

E.11 and  E.12. The calculated values of potential evapotranspiration were 

then assigned to each of the squares on the basis of the elevational and 

aspect extrapolation.  The actual values of potential evapotranspiration by 

month for four stations near Pearson Creek are presented in Table E.13. As 

might be expected, on the basis of available energy potential evapotranspira-

tion decreases with elevation 
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TABLE E.11 

MEAN MONTHLY AND ANNUAL AND NORMAL TEMPERATURES  

BIG WHITE Elev. 6050’ 

 

 

 

 

 

 

 

 

McCULLOCH Elev. 4100' 

 

 

 

 

 

 

 

JOE RICH Elev. 2870 

 

5000-6000 Elev. 
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TABLE E.12 

ANCILLARY CLIMATOLOGICAL DATA* 

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

 

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

*Source:  Temperature and precipitation Tables for British Columbia.  1967.  Canada Dept. of 

Trans. Meteor. Branch. 
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TABLE E.13 

POTENTIAL EVAPOTRANSPIRATION IN INCHES* 

 

*Calculated according to Thornthwaite's method 

 

In order to assign to each of the squares the appropriate soil parameters, a 

standard biophysical land type map of the Pearson Creek Watershed was developed 

by the B.C. Department of Agriculture Soil Survey Division (Figure E.4). Using 

the descriptive information of the land types (Tables E.14, E.15 and E.16) 

weighted values on an area coverage of a square were determined and assigned to 

that square.  Whereas it is recognized that this is somewhat dangerous and that 

boundary hydrologic conditions between adjacent land types are not fully 

accounted for, the scale of mapping and model limitations prevented alternative 

methods of incorporating the soil information. 

The other major parameter required as an input to the initialized state of 

the model is that of vegetation cover by species and density.  These data were 

obtained tram a standard forest cover map (B.C. Forest Service) and stratified 

into mature forest cover and immature forest cover (Figure E.5) and detailed area 

and volume information by cover type was collated in Table E.17. 

Given all the required input data by square, the model was run and the out-

put of total monthly basin yield was compared to the measured streamflow for the 

same time interval (Figure E.6).  Although the agreement is generally good on a 

year basis, a relatively large difference exists between predicted (simulated) 
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Figure E.4 
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Figure E.5 
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Figure E.6 
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TABLE E.14 

DESCRIPTION OF SOIL TYPES AND FOREST COVER FOR LAND UNITS
1
 IN PEARSON CREEK 

EXAMPLE: 

 

 

 

 

 

1 
Land units delineate areas of land that are relatively uniform as to vegetation, 

physiography and soils.  They represent the most fundamental units into which land 

may be divided. 

  The soils found in any one land unit are similar in parent material and profile development. 
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TABLE E.15  

SOIL SYMBOLING SYSTEM DESCRIPTION 

 

 

 

TOPOGRAPHY SYMBOLS 
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DESCRIPTIONS OF LANDFORMS (CORDILLERA AND PACIFIC COAST)  

G.G. Runka 

 
A.  GENERAL ORIGIN OF LANDFORMS (GENETIC) 

1.  Aeolian 
- materials laid down by wind 
- sand and silt 
- poorly to moderately well sorted 
 

2.  Colluvium 
- loose material accumulated on and at the foor of slopes by the 
various processes of mass movement 9gravity0 

- highly variable textures depending on source material (often 
boulder-sized material) 

- unsorted to crudely stratified 
 
3.  Fluvial (Alluvial) 

- Materials laid down by recent streams and rivers 
- variable textures (few boulders or coarse fragments) 
- moderately well to well sorted and moderately well to well 
stratified. 

 
4.  Glacial fluvial 

- materials deposited by glacial meltwater 
- gravel and sand 
- ranges from well sorted and well stratified to poorly sorted 
and poorly stratified. 

 
5.  (Glacial) lacustrine 

- materials deposited in quiet fresh water 
- sand, silt and clay 
- well sorted and well stratified. 

 
6.  (Glacial) Marine 

- materials deposited in salt or brackish water 
- variable textured (most often silt, clay and sand) 
- moderately well sorted and moderately well stratified, often 
containing shells 

 
7.  Glacial till (basal) 

- materials deposited by ice directly without intervening 
transportation by water 

- variable textures (most often heterogeneous mixture of sands, silts 
and clays - some often stony and bouldery) 

- unsorted and unstratified. 
 
8.  Glacial till (Abaltion) 

- materials deposited directly by ice with some modification and 
transportation by glacial meltwater 

- variable textures (often stony and bouldery) 
- poorly sorted and partially stratified 

 
9.  Bedrock 

- exposed consolidated bedrock of various types 
- no surface mantle. 
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TABLE E.16  

SOIL CATENA DESCRIPTIONS 

 

1
 This water holding capacity reflects the textural class of the parent material. ie.  G, Gm, Gmt = High; FP, 
Colluvium = Low 

2 
Forest capability: M.A.I. Potential 

 4M  3S ----- Subclass limitations     M.A.I. CLASSES   Subclass Limitations 
 P1  P1 ----- Forest species     3    70-90 cu.ft./ac./yr A –arid climate 
 Df  Df        4    50-70                   M – soil moisture 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 – combination of soil
       lodgepole pine and Douglas fir.    7     0-10          factors 
            U - exposure
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TABLE E.17  

FOREST COVER INFORMATION 

Volume (less decay) MCF 

 

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

and measured basin yield.  However, the nearly 3 inch monthly flow difference 

during the peak flow months of April, May and June can be accounted for since the 

stream is influent at the gauging site.  The following are additive reasons for 

the flow difference: 

i.  the peak flow during this time period is predominantly a function of snow-

melt, which was crudely estimated in the model as monthly ablation with no 

account of the effect of rain-on-snow events. 

ii. as a influent stream upon which the streamflow gauging station did not 

have a complete cutoff wall, the discharge difference of 3" could flow 

beneath the cutoff wall and the outwash gravels in the cross-sectional 

area of 2000 sq.ft. for one month. 

Since the major flow differences could be accounted for, it was felt to be a 

futile exercise to match up the simulated flow with the measured flow by intro-

ducing 'correction factors' to the simulation model.  Also recognized was the fact 

that the simulation model predicted total basin yield rather than streamflow. For 

the purposes of simulating the hydrologic effects of land use, it was further felt 

that differences in basin yield provide a better index of land 
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use effects rather than streamflow since usable water supplies frequently involve 

more than that water realized as a surface expression of watershed response to 

climatological and land use effects. 

In order to simulate the effects of forest harvesting on the Pearson Creek 

Watershed, a systematic cutting pattern was followed on the model.  This involved 

the removal of forest cover at the rate of one grid square of mature forest (640 

acres) per year for the 17 years for which mature timber was available for 

harvesting.  Using a clearcut and slashburn harvesting system and accounting for 

sequential changes in regrowth of cutover areas, the yearly incremental and total 

basin yield were calculated by the model (Table E.18).  After 17 years of 

sequential forest harvesting in the Pearson Creek Watershed, a total basin yield 

increase of 2.91 inches or 13.68% was obtained.  In this particular watershed the 

realized streamflow increase would decay as a result of a gradual increase in the 

evapotranspiration 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 from the cutover 

areas to the water deficit areas supporting vegetal growth. 

Further to the understanding of the realization of water yield increases 

following forest harvesting is the examination of the monthly yields after 17 

years of forest harvesting in Pearson Creek (Table E.19).  The increase in 

monthly yield during the snowmelt period is reflective of the evapotranspiration 

reductions incurred, not during those months, but during the growing season. The 

same applies to the fall season when the highest percentage yield increases are 

realized.  The increased yields during both these seasons is in response to the 

higher soil water contents originating in the growing season and subsequently 

carried into those seasons when high precipitation and snowmelt occur. Given that 

the storage component of the watershed is fuller after cutting than before, more 

of the inputs to the watershed are realized as basin yield or outputs other than 

evaporative ones. 

b)  Tree Farm Licence No. 9 

The Okanagan (West) Tree Farm Licence (#9) is located, as its name indicates, 

to the west of Okanagan Lake, approximately from Lambly 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 land between Okanagan Lake or lands adjacent to it and 

to the west, by the height of land between the watersheds of Okanagan Lake and 

the Nicola River.  The key map (Figure E.7) shows the relationship of the area to 

Okanagan Valley 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 similar to that of the Okanagan Basin, Golding (1967) 

determined to possible increases in streamflow resulting from sustained yield 
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 Figure E.7 
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TABLE E.18 

STREAMFLOW RESPONSE TO SEQUENTIAL LOGGING OF PEARSON CREEK 

 

 

 

 

 

 

 

 

 

 

 

 

 

QNET after 17 years = 2.91 

in. or 13.68% yield increase 

TABLE E.19  

MONTHLY STREAMFLOW RESPONSE OF 17 YEARS OF LOGGING ON PEARSON CREEK 
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harvesting of T.F.L. 99.  The particular information used in the determination 

includes: 

- lodgepole pine when clearcut effected a 67% yield increase in the first year 

following cutting on the cutover area. 

- spruce-balsam when clearcut in alternate strips effected a 40.2% yield 

increase on the cutover area in the first year following 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) assumed a 40 year increase yield period and a 

120-year rotation length.  His yield increases were developed on a forest cover 

basis which, with the exception of lodgepole pine which grows on almost all soil 

types and throughout the full range of forested elevations, related reasonably 

well to groupings of similar biophysical zones (Figure E.1).  His findings are 

summarized as follows: 

COVER TYPE           ANNUAL YIELD INCREASE (ac.ft.) 

Lodgepole pine                       3045 

Spruce-balsam                        3980 

Douglas fir                           488 

Ponderosa pine                        nil 

Aspen                                 nil 

  7513 acre feet/year 

This represents an annual yield increase of 4.9% on the entire T.F.L. #9 land 

area.  Table E .20 summarizes the possible effect on water yield increase for 

the entire T.F.L.#9 area resulting from forest harvesting for a range of rota-

tion lengths. 

TABLE E.20 

WATER YIELD INCREASES FROM FOREST HARVESTING 

ON THE FOREST LAND OF TREE FARM LICENCE #9 

FOR DIFFERENT ROTATION LENGTHS 
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c)   Extrapolation To Obtain Entire Basin Effects 

In order to determine the total annual effects of existing forest harvesting 

in the Okanagan Basin on water yield increases, the data developed in the 

Pearson Creek and Tree Farm Licence #9 analysis can be judiciously 

extrapolated. In addition to the development of streamflow yield increases on 

the basis of existing actual annual cut and different rotation lengths is 

possible.  It is also possible to arrive at an estimate of the annual yield 

increase for the Okanagan Basin as a result of wildfire. 

Using the Pearson Creek analysis, an annual cut of 640 acres by clearcutting 

can be assumed which on a 120-year rotation would necessitate 120 square miles 

of merchantable forest land under sustained yield policy.  Also assumed is a 

40-year period of increased yield.  From the simulated 17-year cutting results 

in Pearson Creek an average yield increase of 0.17 in./square mile cut or 

23.3% square mile cut was realized.  On the basis of a 40-year regrowth period 

an increase of 11.65%/square mile cut accrues.  This results in an average 

annual basin yield increase (120 square mile basin) of 3.87%.  Table E.21 

summarizes the extrapolation of this data to the entire Pearson Creek Basin 

for different rotation lengths. 

TABLE E.21 

WATER YIELD INCREASES FROM FOREST HARVESTING  

ON PEARSON CREEK 

FOR DIFFERENT ROTATION LENGTHS 

 

 

Extrapolating these results to the entire Okanagan Basin is relatively 

simple. In 1971, 4323 acres were clearcut and 5822 acres-were selectively cut.  

Assuming 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 

length 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 

management is 3.3%. The comparable value for yield increases on a hypothetical 

40 year rotation are 9.935S and 12.60% respectively. 
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As has been pointed out, however, many areas within the Okanagan Basin 

would nor reflect an increased water yield following forest harvesting.  The 

percent yield increases reported are for only that area designated as 

merchantable forest north of Penticton above 4000 feet (approximately 1/4 the 

total merchantable forest and 15% of the total area of the Okanagan 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 hypothetical 

one of 40 years, levels by which comparisons can be made and effects evaluated 

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 Okanagan Basin are those as a result of wildfire.  The 

average annual acreage burned over in the Okanagan Basin is 5,377 with a range 

between 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 

INCREASE WATER YIELDS ACCRUING IN; THE OKANAGAN BASIN  

FROM FOREST HARVESTING ON TWO ROTATION LENGTHS  

EXTRAPOLATED FROM TWO METHODS 

 

 

 

 

 

 

*   

1931 

**  1948 

TABLE E.23 

WATER YIELD INCREASES FOLLOWING WILDFIRE 

IN THE OKANAGAN BASIN ON AN AVERAGE ANNUAL BASIS 
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It should be noted that these yield increases accrue independently of the 

length of rotation. 

3.      RECOMMENDED ALTERNATIONS IN FOREST LAND USE FOR INCREASED WATER YIELD 

a)   Changes in Rotation Lengths 

As is evident from the previous section, the greatest potential for 

increasing water yields from forest harvesting exists within the area of 

shortening the rotation length.  In a pulpwood economy it is realistic to work 

on a 40 year rotation on the better growing sites.  For other levels of 

merchantibi1ity, shorter rotations than 120 years may 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 times the volume of 

timber would be harvested over that for a 120-year rotation.  If the volume 

per acre is held as being constant, then this means three times the acreage 

would be removed in a 40 year rotation over that for a 120-year rotation. 

b)   Harvesting Intensity and Method by Forest Cover 

Increasing water yields, by forest harvesting, above those already 

reported may have some promise with respect to altering biophysical zones 

developed in the Pearson Creek analysis into management zones, areas where 

special concern for increasing water yield through forest harvesting can be 

outlined.  Table 3.24 presents the stratification of the Okanagan Basin into 

water yield management zones. 

TABLE E.24 

WATER YIELD MANAGEMENT ZONES OF THE OKANAGAN BASIN 

 

 

 

 

 

 

* 

First year increase only/cutover area. 
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APPENDICES 

TO 

(Preliminary Report Task 180) 

E.1     THE ROLE OF THE FOREST IN THE HYDROLOGIC CYCLE 

The hydrologic cycle is the continuum of the processes of motion, loss 

and recharge of the earth's waters.  The presence of forest vegetation 

influences certain of the processes in the hydrologic cycle.  The most 

important of these are precipitation interception and redistribution, 

evapotranspiration and indirectly, streamflow.  Figures A.1 and A.2 illustrate 

the hydrologic cycle and the role of the forest therein. 

a)   PRECIPITATION INTERCEPTION 

Interception loss is the portion of the gross precipitation which is 

collected by the vegetative cover and subsequently evaporated.  Total 

interception loss (on a storm basis) may be represented as follows (Horton, 

1919): 

I% = (  x 100) 

where:  I = total interception loss for the projected area of the 

canopy (in.) 

 S = storage capacity of the vegetation for the projected area of 

the canopy (in.) 

R = ratio of vegetal surface area to its projected area  

E = evaporation rate from the vegetal surface (in./hr.)  

i = precipitation intensity (in./hr.)  

T = duration of storms (hrs.) 

Measurement of interception loss requires quantification of the terms 

of the following equation: 

I = P – T — S  

where: I = interception loss (in.) 

P = gross precipitation above canopy (in.) 

T = throughfall (in.) 

S = stemflow (in.) 

In general, the S component is quite small and is a function of bark 

roughness:  0.01P - 0.15P for smooth barked species and 0.02P - 0.03P for 

rough barked species (Chow, 1964). 

Climatic Influences  

Climate has a marked effect on the magnitude of interception loss 

which may be summarized as follows: 

S + RET 
iT 
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THE HYDROLOGIC CYCLE – A QUALITATIVE REPRESENTATION 

Figure E.9 
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 i.   temperature effects on evaporation rates. 

ii.   wind effects on vapor pressure gradients. 

iii.   duration of storm (the shorter the storm the greater the relative inter-  

ception loss).  

iv.   intensity of precipitation (the most pronounced effect is with short, low 

 intensity rainfalls).  

v.   form of precipitation (interception losses from rain are much less than 

from snow.)  

vi.  seasonal distribution of precipitation. 

 

Vegetative Influences 

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 geometry 

and physical properties of the vegetation.  These vegetation parameters are 

influenced by species, age, density of cover and seasonal changes. 

Quantitative Significance 

Zinke (1967) summarized the North American literature pertaining to 

Interception losses from various forest covers.  The result is shown in Table 

E.25. The figures apply to interception of rain. 

b)   EVAPOTRANSPIRATION 

Methods of Evaluation 

Evapotranspiration is the consumptive use of soil water by cover vegetation. 

Potential evapotranspiration (P.E.T.) is the amount of water which would be 

transpired by the vegetation under the limiting factor of available energy.  The 

actual evapotranspiration (A.E.T.) is governed by the combined effects of 

available energy and available soil water. 

A variety of methods of estimating evapotranspiration losses have been pro-

posed.  Most are limited 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 methods include: 

i.   soil moisture depletion 

ii.  lysimeter studies 

iii. ground water fluctuation 

iv.  water balance 

v.   energy budget 

vi.  soil moisture budget 

vii. environmental factors 

viii. effective heat 
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TABLE E.25  

SELECTED INTERCEPTION ESTIMATES FOR CONIFEROUS STANDS 
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Evapotranspiration losses on an annual basis are reliably estimated by the 

water balance method simply stated as follows: 

ET = P ± Q ± S  

where: P = net precipitation  

Q = runoff  

S = change in soil water storage 

This method requires a calibrated watershed and long-term hydrometeoro-

logical records. 

Theoretical energy budget approaches can be used to estimate the potential 

evapotranspiration.  The most commonly used method was proposed by Penman (1948) 

who simplified the daily heat balance as follows: 

Rn - K + ET 

where:  Rn  = net radiation 

K = sensible heat exchange  

ET = energy used for evapotranspiration 

Solution of this equation requires proportioning the net radiation (Rn) into its 

components as follows: 

ET = f(u) (eo-ea) 

K  = Vf'(u) (To - Ta)  

where: f(u), f'(u) = functions of wind speed 

eo = saturated vapor pressure at the surface temperature To 

ea =  actual vapor pressure of the air 

 Ta = mean air temperature a 

V  = constant = 0.27 mm. Hg/°F 

It is obvious that the Penman equation has limited application because of the 

complex meteorolgical observations required. 

A more easily derived estimate of potential evapotranspiration can be 

obtained using simple climatic data, shown by Thornthwaite (1948).  The formulae 

developed are: 

P.E.T. = cT
a

m 

where: c = coefficient 

Tm = mean monthly temperature (°C) 

a = exponent 

which simplifies to: 
 

E = 1.62 (           )
a
                       

 

where: I = Heat Index = 

10 Tm 
 I

12

E (Tm)1.51 
 
m=1 
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Potential evapotranspiration estimates must be modified to represent actual 

evapotranspiration rates since, in reality, soil water becomes an important limiting 

factor.  Plants cannot use the available water (amount of water held In the soil at 

field capacity minus the amount held at the permanent wilting point) at a constant 

rate.  Holmes (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). 

 

Schematic drying curves showing ratio of AE/PE 

plotted with soil moisture content for different 

soils and drying rates. 

Figure E.10 

Actual evapotranspiration is usually calculated using potential evapotranspiration 

rates altered in consideration of the soil moisture budget. 

Edaphic and Climatic Influences 

Evapotranspiration losses are determined by certain climatic and edaphic 

factors which include: 

i.  solar radiation intensity and duration, wind, relative humidity, cloud 

cover and precipitation.  

ii. length of growing season  

iii. soil texture and structure  

iv. soil depth 

In general, situations of abundant precipitation distributed uniformly 

throughout the year mainly as rain results in A.E.T. = P.E.T.  In situations of 

low summer rainfall and low yearly precipitation mainly in the form of show 

A.E.T. << P.E.T. 
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Vegetation Influences 

The nature and extent of forest cover governs the evapotranspiration losses. 

Generally, vegetation influences include: 

i.   density - evapotranspiration loss per unit area increases with density 

until all the available energy is utilized. 

ii.  age     - highest evapotranspiration occurs during the period of 

culmination of mean annual increment. 

iii. species - albedo, height, crown depth and geometry and surface roughness 

are species specific.  Actual differences may not be great bet-

ween full stands of different composition except on dept soils 

(Jeffrey, 1969). 

c) STREAMFLOW  

Quantity 

Water quantity is usually the difference between precipitation and 

vaporization losses.  The role of the forest in the determination of water 

yield is best evaluated in terms of the effects of forest removal on 

streamflow. 

Regime 

The effects of a forest cover on the distribution of annual 

streamflow can be summarized as follows: 

i.   reduce peak flows by soil water depletion through evapotranspiration 

losses.  

ii.  reduce peak flows through retardation of snowmelt within the forest stand. 

Quality 

The maintenance of an adequate and continuous cover of vegetation is the 

greatest deterrent to surface soil erosion (Woolridge 1968).  Streamflow from 

undisturbed forests is generally clear except during periods of high 

discharge that accompany heavy rainfall or rapid snowmelt. 

Vegetative influences which promote high water quality include: 

i.   precipitation interception 

ii.  reduction of the force of raindrop impact 

iii. incorporated and unincorporated organic matter are sources for cementing 

agents which promote the formation of large water stable soil aggregates 

(Dyrness 1967).  

iv.  organic matter is abundant in soil micro-organisms which often 

improve already high infiltration rates (Martin et al. 1940). 
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Vegetative cover appears to be a key factor in slide resistance on steep 

slopes (Swansten, 1967) by the following mechanisms: 

i.  depletion of soil water through evapotranspiration and its influence on 

the piezometric head  

ii. structural strength resulting from the 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 ecosystems.  Nutrients may be added 

by: 

i.   The atmosphere, in precipitation, dust or fixation by organism (alder trees). 

ii.  Mineral weathering (cations and phosphorus). 

iii. Biological inputs including those influenced by man. 

 

Losses from the system may occur: 

i.   As dissolved and suspended constituents in streams. 

ii.  By removal of materials from the land. 

iii. By release of N. P. and S. to the atmosphere by volatilization. 

 

The balance between inputs and losses to the forest determines the quantity of each 

chemical retained. 

Cycling and reuse of chemicals (Figure E.11) is an important 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 micro-organisms, the nutrients 

released are stored in humus or soil layers or taken up again by the vegetation.  

This return and reuse phenomenon is often called the inner cycle.  A certain amount 

of nutrient elements taken up by vegetation are retained in woody tissue.  The amount 

retained accumulates from year to year and can become an important fraction of that 

contained in the forest as the stand approaches maturity (Ovington, 1962). 

Streams draining undisturbed forest systems contain chemical constituents not 

taken up by vegetation, either lost by leakage from the inner cycle or released by 

weathering.  Nitrogen loss from undisturbed forests is very small (Cole et a1. 1968).  

Losses of cations are also small and controlled by the quantity of mobile anions 

which enter the soil solution.  Because there must be a balance of charge in ionic 

solutions, the loss of cations (K, Ca, Mg, NH4) must be balanced by equivalent 

amounts of anions (McColl and Cole, 1968). Bicarbonate anions formed by the 

hydrolysis of carbon dioxide released by respiration of organisms - primarily the 

roots of higher plants and decomposer organisms - are the principal anion source.  

Both nitrate and phosphate anions are present in small be detectable amounts. 
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Major elements and processes in a forest ecosystem               Figure E.11 

 

Chemical constituents also enter the forest system in precipitation. Nitrogen, 

phosphorus and potassium inputs may nearly balance losses from the system in drainage 

water (Cole et a1. 1967). Anions in precipitation may accelerate leaching losses 

since anions are not readily held on exchange sites within the soil. Fortunately, 

concentration of anions in precipitation is generally small. However, sulfate may 

become an important anion near sources of industrial pollution, and chloride occurs 

in important amounts adjacent to the ocean (moodie, 1964). 

The effects of forest cover, especially riparian vegetation, on maintaining cool 

stream water is better discussed in Appendix E.2 where differences between exposed 

and covered streams are presented. 



 588

E.2     EFFECT OF FOREST MANAGEMENT ON THE HYDROLOGIC CYCLE 

a)   Water Quantity 

The goals of management for maximum water yield are to reduce the water 

consumed by the forest, maintain the permeable soil structure, and rearrange 

snow-fall so that it more effectively contributes to streamflow.  The forest 

environment and the processes governing it are important, not the trees 

themselves. Enough foliage must be grown to protect the soil, but it can come 

from small trees or other plants.  Shorter plants expose a thinner layer of 

foliage for evaporation.  Shallow-rooted plants take less water from the soil.  

Patterns of tail forest alternating with patches of smaller vegetation create 

a honeycomb that tends to concentrate snow and rain where it is less subject 

to evaporative loss. 

The processes involved are complex and difficult to quantify.  It appears 

easier to develop satisfactory energy and water budgets for continents than 

for a small forested mountain watershed with its complex plant patterns and 

exposures to sun, wind, 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, Colorado, on the headwaters of the Rio Grande. 

Streamflow, sediment yield and precipitation were measured on two adjacent 

drainage basins, each covered with young aspen and conifer forests.  Air tem-

peratures, soil temperatures, relative humidity, wind-free water evaporation, 

soil moisture and snow accumulation were also measured.  After a 9-year 

calibration period the trees on one basin were cut, with minimum soil 

disturbance.  The complete report, published 41 years ago, showed a sizable 

increase in total streamflow, a slight increase in sediment and no effect on 

height of flood peak (Bates and Henry, 1928). 

This pioneer experiment set a pattern for the watershed experiments that 

followed for research methods, findings and the application of results in 

forest land management.  The paired watershed method was effective for 

determining changes in streamflow.  The measurements of climatic factors and 

soil moisture were interesting, but not helpful in explaining the results.  

The absence of overland runoff (now known to be characteristic of forest 

soils) was considered unusual and readers we're warned against applying 

results to other forest lands in the region. 
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Beginning about 35 years ago, a series of watershed tests were started which 

confirm that streamflow can be changed by changing forest conditions. A excellent 

report was presented by Hibbert (1965) appraising the results of 39 watershed 

experiments throughout the world.  He concludes (Table E.26) there is no doubt 

that forest reduction increases water yield.  The indicated practical upper limit 

of yield increase from cutting high forest on small watersheds is 18 inches of 

runoff per year.  This can be expected only from areas of abundant precipitation, 

with deep porous soils, a long growing season and an originally dense forest 

cover. 

As would be expected, results varied considerably over a wide range of 

climates, forest cover types, and geomorphic situations.  For the United States, 

there were two broad groups of data - one from the eastern hardward forest region 

and one from the western coniferous forest.  Increased yields about equal to the 

estimated maximum of 18 inches per year have been measured in both the Southern 

Appalachian and Cascade Mountains.  In the hardwood region, the increased runoff 

dies away quickly as new growth is established.  Appreciable effects last no 

longer than 5 to 15 years unless natural plant succession is controlled.  Effects 

are more persistent in the West, and some experiments were closed before the time 

trend was established.  Obviously, the persistence of the effects and the cost of 

measures to perpetuate it are basic to economic evaluation of watershed 

management. 

For streams fed primarily from melted snow, the size and arrangement of cut 

areas are important A pattern creating protected openings appears most effective.  

These openings trap more snow than the surrounding unbroken forest, and a higher 

proportion is converted to streamflow because of earlier and more rapid melting 

and lower soil moisture deficit (Hoover and Leaf, 1967).  On a watershed in the 

Fraser Experimental Forest, where 50 percent of the commercial timber was cut in 

a checkered pattern of cut and uncut blocks, annual water yield has increased an 

average of 3.7 inches for the 12 years after treatment (an increase of 30 

percent) and there has been no decrease with time.  Effects are largest in years 

with abundant precipitation.  This indicates that weather modification and forest 

watershed treatments may combine in a synergistic manner to favor water yield. 

Even though much remains to be learned, present empirical knowledge is suf-

ficient to select areas where vegetation management can increase water yield. It 

is important to consider the nature of past experiments carefully before 

proceeding to larger-scale action programs.  Experimental treatments consist of 

holes 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 West 240 acres.  Action programs 

should not make larger openings, but rather numerous small openings.  The desired 

pattern is a mosaic of tall forest with interspersed areas of lesser vegetation. 
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TABLE E.26  

LOCATION, DESCRIPTION. AND RESULTS OF WATER-YIELD EXPERIMENTS ( HIBBERT 1967) 
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TABLE E.26 (CONT'D)  

LOCATION, DESCRIPTION. AND RESULTS OF WATER-YIELD EXPERIMENTS (HIBBERT 1967) 
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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.  Sometimes, wood-

producing practices will benefit water yield and the increased flow would require 

no charge to water users.  Where maximum water yield is important, practices 

desirable for water flow may conflict with maximum wood production (Trimble et 

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

receiving the water benefit will have to pay the costs. 

Knowledge is now available to bracket the upper and lower limits of water 

yield increase possible from forest land management.  Much 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 land 

management along with other alternatives for increasing water supply (Hoover, 

1969). 

b)  REGIME 

Removal of forest cover will, as described, result in some increase in basin 

yield.  Much of this yield will occur as a marked increase in peak flows. 

Information derived from the Fool Creek study (Goodell, 1958) is indicative of 

the type of flow regime that may be experienced on the Okanagan Basin and is 

shown in Figure E.12. 

The influence of forest management of low flows is unpredictable (Johnson, 

1967).  Documented cases where logging increases low flows exceed cases where low 

flows have decreased. 

Prolonging spring runoff to coincide with periods of increasing water demand 

depends, to a large extent on influencing snow accumulation and melt rates. 

Techniques of forest harvesting accumulation of snow and retardation of melt 

rates are described by Golding (1966).  The main parameters involved are aspect, 

slope, tree height and direction of maximum solar radiation.  He recommends: 

i.   on north aspects strip width 1.5H (where H = mean tree height) for slopes 

<20% and 2-4H on slopes >20% with strip orientation E-W. 

ii.  on south aspects strip width 1.5H for slopes <20%, 0.75H on slopes greater 

than 20% with strip orientation E-W. 

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

ively. 
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HYDRO

GRAPHS ON FOOL CREEK and CONTROL WATERSHED BEFORE CUTTING (UPPER) and in the FIRST 

YEAR AFTER CUTTING 

(LOWER)          Figure E.12 
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c)    QUALITY 

Forest land use, as it affects water quality, involves timber cutting, 

logging, clash disposal, road construction and chemical spraying. 

Timber Cutting 

Timber cutting alone does not result in any appreciable increase in sediment 

even though water yield may increase following cutting (Hoover 1944).  However, 

direct effects on chemical water quality and stream temperature may accrue. 

One of the few studies of the nutrient status of streams for which data are 

available was conducted on the H.J. Andrews Experimental Forest in Oregon 

(Rothacher et al. 1967).  Nutrients in two treated watersheds were compared to 

nutrients in a control watershed.  The concentration pattern of the cations 

sodium, potassium, calcium and magnesium followed closely the concentration of 

bicarbonate, the dominant anion in the Stream (Figure E. 13).  The annual cycle 

of bicarbonation reached maximum concentrations during the warm season coin-

cident with maximum respiratory activity and minimum during the cold season. The 

increase due to timber harvest occurred mainly during the warm season and the 

maximum flux of cations and phosphorus followed slashburning, but the flux of 

nutrients subsided rapidly. 

 

Bicarbonate carbon concentration of streams after logging and after 

broadcast burning on the clearcut watershed.        

Figure E.13 

Mean annual concentrations of cations and bicarbonate in the stream of the 

clearcut watershed consistently exceeded the concentrations in the control 

stream (Table E.27). Concentration of a11 chemicals increased markedly following 

slashburning, with the largest increase for the dicalent cations of calcium and 

magnesium. 
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TABLE E.27 

MEAN ANNUAL CONCENTRATION OF DISSOLVED CHEMICALS 

OF STREAMS DRAINING CLEARCUT AND. CONTROL WATERSHEDS  

(milligrams per liter) 

 

The concentration of the two forms of nitrogen and phosphorus is about 

two orders of magnitude lower than the dominant cations.  Nitrogen appears in 

the control stream as nitrate.  Concentration rise in the clearcut was small 

during logging, but rose following burning and increased to even greater levels 

the second year following burning.  Minimum nitrate concentrations occur in both 

streams during the summer months when organisms of the forest and the streams 

actively use nitrogen (Figure E.14). 

 

 

 

 

 

 

 

 

Nitrate 

concentration.                Figure E.14 
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Losses of dissolved chemicals were calculated by the product of 

concentration and streamflow.  Annual streamflow from the clearcut watershed was 

nearly 1.5 times the control watershed.  Annual losses calculated in this manner 

exceed the previous concentration data due to increase in streamflow (Table 

E.28). Although the amounts involved are quite large, the increases are 

moderate. 

Nutrient chemicals also enter the stream attached to sediment or 

contained in organic sediment material.  Amounts of sediment and the amount 

of sediment entering the stream.  It is noteworthy that the loss of manganese 

on sediment (Table E.29) was the principal mechanism for loss of this element 

which was essentially absent from these streams in dissolved form.  Although 

increases were large, "the amounts lost were small compared with dissolved 

chemical losses except for nitrogen and potassium. 

Forest cutting has been shown to have a detrimental effect on the 

temperature of streams.  Greene (1950) studies the effect of clearcutting on 

trout streams. He noted that maximum weekly temperatures recorded during May on 

the clearcut stream were 13°F higher than those recorded on a nearby forested 

stream.  Meehan et a1. (1969) reported a maximum temperature increase of 9°F 

after logging along an Alaskan stream.  Patric (1969) reported a maximum 

temperature increase of 7°F when the lower half of a small watershed was 

clearcut.  The greatest changes in stream temperature caused by clearcutting 

were recorded during the Alsea Watershed Study in the Oregon Coast Range (Brown 

and Krygier, 1970).  No increases in temperature attributable to logging could 

be detected in  the patchcut watershed, where buffer strips continued to provide 

shade for the stream.  In the clearcut watershed, mean monthly maxima were 

increased by 14°F during the first summer after logging debris was cleared from 

the channel.  The annual maximum was increased by 28°F during the same year. 

The principal source of heat for these small streams is solar energy striking 

the stream surface directly.  Very little heat exchange at the surface as small 

streams results from convection, conduction or evaporation.  Riparian. vegetation 

plays the greatest role in the rate at which solar energy reaches small, forested 

streams.  An energy balance for a shaded stream is shown in (Figure E.15). All of 

the energy balance components are very small compared to the energy balance 

components of a small stream with no shade above it (Figure E.16). The factor 

which changes most is Qnr , the net radiation, or in simpler terms the direct 

solar heat load.  Variation in the degree to which the stream is exposed to direct 

sunshine, therefore, accounts for much of the magnitude of the temperature change 

of the stream following logging. 

Logging 

Extraction of timber from forested areas involves the use of heavy machinery, 

often on steep slopes, which can result in serious surface soil disturbance and 

compaction.  Lowered infiltration rates results in increased surface runoff and 
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THE DAILY PATTERN IN NET THERMAL RADIATION (Qnr)  

EVAPORATION (Qe) and CONVECTION (Qn) FOR A FORESTED  
STREAM (AFTER BROWN 1969) 

Figure B-4 

 

 

 

 

 

 

 

 

 

 

 

 

THE DAILY PATTERN IN 
NET THERMAL RADIATION (Qnr)  

EVAPORATION (Qe) and CONVECTION (Qh) FOR AN EXPOSED,  
NON-FORESTED STREAM, (AFTER BROWN 1969) 

 

Figure E.16 
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TABLE E.28 

TOTAL ANNUAL DISSOLVED CHEMICAL LOSS  

IN STREAMS DRAINING CLEARCUT  

AND CONTROL WATERSHEDS  

(pounds per acre) 

 

 

 

 

TABLE E.29 

ANNUAL LOSS OF CHEMICAL CONSTITUENTS ABSORBED ON MINERAL SEDIMENT  

PLUS THAT CONTAINED IN SUSPENDED ORGANIC MATERIAL 

(pounds per acre) 
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a related increase in sediment discharge.  The relation of disturbance to runoff 

and erosion depends primarily on the kind, degree, location and continuity of 

disturbance (Packer 1967). 

Tractor or skidder logging results in the greater disturbance because of the 

presence of heavy equipment on the site during the extraction process.  The quality 

and location of skidroads determines the amount of sediment provided by tractor 

logging.  A study at the Fernow Experimental Forest (Reinhart et al. 1963) showed 

how quality and planning of skidroads effects the amount of sediment in streams.  

Maximum streamflow turbidity was as follows: 

Control watershed                           15 ppm 

Intensive selection-forester planned        25 ppm 

Extensive selection-forester planned       210 ppm 

Diameter limit-logger's choice            5200 ppm 

Clearcut-logger's choice                     56000 ppm 

Cable logging is much less destructive than tractive logging for the obvious 

reason that heavy equipment remains on the haul road.  Compaction and soil 

disturbance occur on yarding 'roads' which often become sources of sediment 

production.  The disturbance from downhill yarding tends to be greater than uphill 

yarding.  Since there is a lower vertical lift component in downhill yarding the 

operator has less control over the logs and yarding 'roads' tend to concentrate 

overland flow at the landing. 

Road Construction 

Of man's activities that disturb vegetation and soil in forests, few cause more 

damage to water quality than road construction.  By exposing raw mineral soil, 

compacting soil surfaces, altering surface and subsurface drainage patterns and 

reducing slope stability, road construction initiates increased surface erosion and 

mass movement.  Table E.30 shows some values of increased sediment loads 

attributable to road construction in road construction in forested watersheds. 

TABLE E.30  

SOME EXAMPLES OF SEDIMENT PRODUCTION ATTRIBUTABLE TO ROAD CONSTRUCTION 

 

The extent of the detrimental effects of road construction is a function of 

the climate, geology, soils, slope, area extent of roads and road gradient. 
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Road construction tends to increase the incidence of mass movement, part-

icularly on steep slopes and weathered till soils having a low cohesive strength 

such as those of the upper elevation of the Okanagan Basin.  Such incidents 

include roadfill failure, backslope failure and soil movement by concentration of 

drainage waters. 

Slashburning 

Slashburning 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, remove organic matter and can 

lessen soil wettability.  Reduced infiltration capacity increases the possibility 

of the occurrence of overland flow and subsequent increases in surface erosion. 

Chemical Spraying 

The spraying of insecticides, pesticides and herbicides is not a common 

forest management practice in the southern Interior and is usually undertaken 

only when other forms of control are inadequate. 

Indiscriminant application of biocides to large forested areas has resulted in 

water quality deterioration, particularly detrimental to indigenous fish 

populations.  Examples include: 

- aerial spraying of 11.5 million acres of spruce in New Brunswick with 1 lb./ 

acre of DDT for the control of spruce budworm which resulted in severe 

reductions in Atlantic salmon and brook trout populations (Keenleyside, 1959).  

- aerial spraying of 155,000 acres of forest land on northern Vancouver Island 

for the control of black-headed budworm with lb./acre of DDT which resulted in 

severe damage to resident trout and salmon populations (Crouter and Vernon, 

1959). 
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