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SUMMARY

The climate of an area of nearly 50,000,000 hectares
in the Yukon and Northwest Territories has been assessed in terms
of the possibilities for agriculture. The assessment entailed
an examination of the principal climatic factors affecting crop
growth, namely: heat, frost frequency, soil moisture deficiency,
and (indirectly), light during the growing season. The data were
obtained from 43 long-term meteorologiéal stations supplemented
by 50 special climatological installations arranged in 20 tran-
sects across variable ferrain. The latter were grouped to
specifically measure the climatic implications of elevation,
slope, adjacent water bodies and surface cover, in order that
general rules for mapping areas distant from measured sites could
be developed.

Forty-five, 1:250,000-scale map sheets showing seven
levels of agroclimatic land quality, from broadly productive to
useless, were prepared. The quality criteria were those developed
by the British Columbia component of the Canada Land Inventory
with modifications to suit conditions north of the 60th parallel.
Classes 1 to 4 depict arable land. Specific adjustments were
made to the soil moisture storage assumpticns to account for low
annual precipitation, immature soils and permafrost. As well,
an interpretative guide was prepared to evaluate paradoxical crop
successeé in spite of low heat accumulation during the growing

season. These successes seem to be attributable to photoperiod
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factors. The guide presents a list of crops pertinent to the
Territories, which are allocated to seven discrete quality classeé.
The classes correspond exactly to the British Columbia classes for
the frost-free season category, but are one to two classes higher
for seasonal heat accumulation, and, as mentioned above, soil
moisture standards are different.

The mapping is estimated to have a precision of about
one-half of a class interval. This is based on estimates of the
error in growing season mean temperature and precipitation, and
of the errors inherent in the procedures adopted to compute
spatial values of growing degree-days, the frost-free season
and the soil moisture deficit, which are, respectively: 65 GDD,
10-15 days and 20-40 mm.

It is clear from the maps that there are no extensive
areas having a suitable climate for subsistence agriculture.
Narrow bands of class 2 or 3 land exist along most major rivers
of the Yukon and Northwest Territories. The only significant
areas with class 2 ratings are in the Liard Valley near Fort Liard
and near Watson Lake. Unrestricted class 2 land encompasées
nearly 22,000 ha while there are nearly 17,000 ha which have a
moisture deficiency. |

Restricted class 3 land includes 184,500 ha in the Yukon
Territory and 4,400,000 ha in the Northwest Territories. Aridity
accounts for 62 per cent of this land in’the Yukon and 26 per cent

in the Mackenzie District. Low heat accumulation and a low heat-



frost risk combination account for 37 and 1 per cgnt (Y.T.)
and 22 and 52 per cent (N.W.T.), respectively, of the class 3
land mapped.

Class 4 climate is marginal for cultivation, but susfaiﬁs
grazing. From the climatic viewpoint it is not extensive in the
North, representing 26,300 ha in the Yukon and 93,200 ha in the
Northwest Territories. Climate class 5G, suitable only for
forage crops in British Columbia, seems to support a number of
crops belonging to class 4 and even 3 (potatoes) in the North.
Cause relationships of this phenomenon need further elucidation,
since 5G land covers neérly 11 per cent of the total area mapped
and would represent nearly 94 per cent of the climatically suit-
able land for cultivation in the Yukon. The corresponding values
for the Mackenzie District are 37 and 62 per cent, respectively.

The best climates for northexn agriculture are found
at low elevations on sunny slopes, and preferébly near a large
river or lake. Such sites have the warmest temperatures and a
long frost—-free season.

The agroclimatic capability maps represent average
conditions over the 1941-70 normal climatological period. The
inter—annual variation throughout the regica is enough to change
the classification to one class below the mapped average for
6 to 10 per cent of the years where the class value is low (for
example, Whitehorse and Haines Junction), and 17 to 30 per cent

of the years where a mid-range class has been designated (for
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example, Fort Simpson and Fort Smith). There is a similar pro-
portion of years when the class becomes one or two levels above
average. Thus the maps depict the average capability for a
particular range of crops, but for one or several years at a

time, the record of crop success may be considerably different.
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CHAPTER 1l: INTRODUCTION
1.1 NATURE OF THE PROJECT

This report presents a climatic assessment of selected
parts of the Yukon and Northwest Territories, specifically those
regions where forms of sustained agriculture’are believed to be
possible. This work was done at the request of the Northern
Natural Resources and Environment Branch of the Department of
Indian and Northern Affairs, Ottawa. The study is complemented
by a reconnaissance soil survey carried out by the Saskatchewan
Institute of Pedology.

Land capable of agricultural production is not par-
ticularly plentiful in the Territories, but some land is gquite
good. Soil surveys in the Northwest Territories have suggested
2 million hectares of land may be suitable for some cultivation.
An increasing pressufe for the settlement of lands supposed to be
suitable for sustained cultivation and grazing prompted the Minister
of Indian and Northern Affairs to halt the issuing of Crown land for
farming in Janua:y 1975 until a scientific resource survey could
be carried out. 1In February 1975, the Atmospheric Environment
Service, of the Department of Environment agreed to undertake a
three-year climatological survey, including a two-year field pro-
gramme. The survey took the form of establishing some 50 new mea-
surement sites and a number of moving surveys and analysis of ex-
isting network information. Field crews were located at White-

horse and Fort Simpson during the growing seasons of 1975 and 1976



to maintain the stations, abstract data, and carry out topoclimat-
ological survey work. Principal parameters measured were air tem-
perature, humidity and precipitation. Some measurements were made
of wind and soil temperature.

The 50 stations were arranged in 20 regional transects
in order.to detect slope, elevation and vegetative influences on
climate. These were located in areas having known agricultural
potential, but also were given a geographical distribution design-
ed to assess inter-district climatic characteristics. The stations
were equipped with standard self-registering equipment, and the
data obtained were compared to records from principal network
stations over the study period, and to the 30-year normal period
of record, 1941-1970. Regular network stations having a record
exceeding 10 continuous years number 20 in the Yukon Territory
and 23 in Mackenzie and Keewatin Districts, N.W.T. The current
and historical meteorological network of the Yukon and Northwest
Territories is documented in Appendix J.

The climatological data were analysed in such a way
that they could be expressed in terms of quality scale of agroclim-
atic capability. These data were subsequently mapped at 1:250,000
and 1:50,000 scales. The capability classification chosen was
one developed by the British Columbia land inventory (1972) and |
employed in a preliminary survey of Mackenzie District agroclimatic
resources by Williams and Sneddon (1975-unpublished). It was found

subsequently in the present study that the class values required



some modification and need to be carefully interpreted. A class-
ification guide, effectively a revision, has been developed to
assist in this regard.

An agroclimatic cepability classification requires an
extensive set of cron production data. Although the classification
employed for this report does not consider yield, but rather refers
to a specific range of crops that it is possible to grow within
a region, some difficulty was experienced in assembling adequate
information. Data from the Dominion Experimental Farms at Haines
Junction and Fort Simpson may be analysed against local meteoro-
logical records; however, annual yield data were not accessible
in several cases and recourse was made to'summary reports pub-
lished from time to time. The Experimental Farms have now been
closed for several years and conditions at outlying settlements
have been documented only by reconnaissance surveys and by inter-
views. It is interesting to note that a classical paper on a
garden survey of the Mackenzie Valley by Albright in 1933 remains
pertinent. References to cropping experience have been published
by a number of Department of Agriculture personnel, and these are

listed in the bibliography of this report.

1.2 NEED FOR THE STUDY
Forms of subsistence agriculture have been practised
in the Territories beginning in the last century. Scientific

agricultural research dates from the early 1900's when Agriculture



Canada began to collect production data in co-operation with re-
sidents and missionaries. Experimental farms were established at
Fort Simpson and near Haines Junction following World War II.
Many vegetables, forages and grains introduced in northern local-
ities have done well, and have encouraged a recent accelerated de-
mand for Crown land for agricultural purposes. Decisions as to
which lands are suitable for farming or for forestry, wildlife
and other purposes require good site-specific information on land
guality. Not having this information, and faced with unprecedented
settlement demands, a suspension of agricultural land allocation
was proclaimed by the Canadian Government on January 10, 1976, in
order that appropriate data could be collected and comprehensive
land-use policies could be determined in co-operation with Terri-
torial governments and interest groups. Baseline data including
climate were to bé collected over a 3-year period.

The climatic capability of a region for agricultural
production delimits the type of farming possible and the likely
crops to be produced. Climatological analysis will also indicate
the degree to which a level of production may be sustained from
year to year, assuming soil and market factors to be favourable.
Crop growth is dependent of conditions of heat, moisture and
light. Air temperature regimes experienced during the growing
season determine the nature of broad agricultural districts which
in turn are locally zoned according to available soil moisture, a

condition affected by precipitation, evapotranspiration and soil



texture-structural factors. All crops require light but the
quantity and timing is critical. Long summer daylight periods
favour certain types of crops. Others react adversely to sustained
light, thus limiting their production in northern areas for reasons
other than temperature and moisture.

While a number of local climatological studies have
been undertaken, (e.g. Harris and Carder 1975, Burns 1973), there
is no agroclimatic assessment covering the extensive area of pre-
sent concern.

Recent work by Williams and Sneddon (1975-unpublished)
approaches the scale of the present study, being a provisional agro-
climatic capability study of Mackenzie District with some extension
into the Yukon Territory. Indeed the work of Williams and Sneddon
set the stage for the present study. These authors attempted to
map the agroclimatic capability of a vast region consisting of
23 map sheets at a scale of 1:250,000, using the British Columbia
Land Inventory classification (1972). The BCLI classification was
chosen over that of Chapman and Brown (1966) because greater detail
could be presented.

Williams and Sneddon made use of a number of statisti-
cal techniques to estimate temperature and precipitation fields
over a close-spaced grid. They drew on earlier normal temperature
estimation work of Williams in 1971 for The Canadian Great Plains,
and made use of 10 x 10 km grid square normal precipitation esti-

mates prepared by Shawinigan Engineering for Agriculture Canada



in 1970. Both techniques are based on multiple factor regression
statistics.

The use of the BC classification requires parameteriz-
ation of seasonal growing degree-days, the frost-free period,pre—
cipitation and the soil moisture deficit. Degrees-days were esti-
mated from mean monthly temperatures and their standard deviations
following procedures developed by Thom (1954 a,b). The frost-free
season was ascertained by examining when a value of 420F (5.600)
occurred in spring and fall on smoothed normal curves of mean daily
minimum temperature. The soil moisture deficit was computed by
algebraically subtracting potential evapotranspiration from growing
season precipitation. Potential evapotranspiration was computed
from temperature and global solar radiation by methods used for
the versatile soil moisture budget (Baier et al 1972).

The classification component parameters were separately
mapped using a computerized SYMAP procedure. The classification
rating was determined by overlaying the component maps. Final
capability class maps were sketched on 1:250,000 scale N.T.S. maps
with minor boundary line interpolation according to topography.

The present study, a detailed description of which
folloﬁs’over the next few pages, represents a verification and
extension of Williams and Sneddon's work. Their study is based on
statistical and interpolative procedures developed for the most
part in southern Canada. The present study was oriented toward

the collection of hard climatological data within land tracts which



could be actually developed for agriculture. The final corres-
pondence with the maps of Williams and Sneddon was remarkably good.
This is encouraging because the statistical-computer approach re-
presents a considerable saving in time and money for studies of
this type.

The work reported here must be considered to be of a
reconnaissance nature. This is principally because two years of
climatological measurements are of limited accuracy fof statistic-
ally estimating conditions over a longer period. Short-period data
are nevertheless useful to estimate topoclimatic effects of a
number of recurring land types in order that long-term station
data may be adjusted to local conditions. The results, however,
give a first approximation of local climatic variability in agro-
capability terms on scales which are compatible with other re-

source inventories employed in land-use planning.

1.3 ORGANIZATION OF THE STUDY

Previous studies were limited by their areal extent
and their reliance on a limited number of widespread meteorolog-
ical observing stations, many of which are not particularly re-
presentative of the area considered to be agriculturally suitable.

It was considered desirable to establish a station net-
work to especially reflect meso-meteorological influences; that
is, the effects terrain and small-scale meteorological systems

have on the climate. Within such a vast area only a coarse sampl-



ing of conditions is possible, for reasons of economy. Siteé were
chosen for instrumentation so that data could be collected weekly
or less often depending on access and inétrument type. To ensure

a good data set instruments operating over an eight-day period were
chosen over those operating for a month, so that malfunctions would
no£ entail critical data losses. Stations were laid out to sample
local elevation range and slope aspects, as these produce important
meso-climatic variations in sub-arctic areas (McKay et al 1970).
The stations were sited by experienced technical staff and climato-
logists. The intended representativeness of each site was tested
by traverses with portable equipment, and as a result some reloc-
ation took place. Where roads were present mobile temperature
surveys by motor-vehicle were undertaken. The data were further
supplemented by observations of phenological change of Populus
tremuloides, a ubiquitous tree to the region, and a number of
interviews with residents having gardening and other plant pro-
duction experience.

The project was directed from the Meteorological Appli-
cations and Consultation Division of the Atmospheric Environment
Service Headquarters Toronto, with the collaboration of the West-
ern Regional Office, Edmonton. Two experienced meteorological
technicians established operational bases in Whitehorse and Fort
Simpson, and with locally-acquired assistants, they installed and
maintained the network, performing special surveys, and preparing

necessary data summaries. Field direction was given by a co-



ordinating meteorologist, who in the course_of his duties travelled
extensively in the North, participated in field studies, assembled
the data, analysed it, prepared maps and reported the results. He
formed a close liaison with AES national and regional offices, en-
suring that a full study programme was carried out within the re-

quired time allotment.
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CHAPTER 2: CLIMATIC LIMITATIONS TO AGRICULTURE
2.1 INTRODUCTION

Climate plays a dominant influence on the range of plants
growing within an area,‘and the degree to which they successfully
adapt to environmental conditions. Adequate heat, light, and mois-
ture during the growing season, along with the absence of frost,
strong winds, hail and flooding enable discrete ranges of érops

to be grown on satisfactory soils.

2.2 HEAT

With adequate light and moisture, temperature becomes
the dominant control over plant growth. However, it is not only
a question of sufficiently high temperatures to promote seed ger-
mination. Temperatures several degrees above ffeezing must per-
sist for a period long enough for the plant to mature. Utaaker
(1968) has noted that plant respiration which releases the chemical
energy used in the growth process is temperature controlled. Gen-
erally, plant growth does not take place until there is a certain
accumulation of heat above the freezing point. The needed accum-
ulation varies among plants, but for many species érowth is said
to begin at or above 5-6°C (Brown et al 1967). The growth rate
also varies according to the raté of heat acqumulation, the in-
tensity reached and the duration, assuming other factors not to
be influential. Some researchers have attempted to take a vari-
able heat factor into account for crop-climatic models (Coligado

and Brown 1975).



One of the simplest ways of expressing heat accumulation
in terms which may be compared to crop growth is the degree-day
concept. Here, a degree-day represents a day having a mean tem-
perature of one degree above a recognized threshold, or base, say
SOC. Therefore, a day having a mean temperature of IOOC accumu-
lates 5 degree—days. Cumulative degree-days over a period may be
related to crop development stages. However, it is found that de-
gree-day values vary in quality with respect to crop growth de-
pending on the synoptic conditions during days on which they were
accumulated. A region having a series of relatively cool days, but
with mean temperatures generally above the growth threshold, does
not produce the same plant response as a region having comparative
anomalies of higher and lower temperatures. Stated another way,
the relationship of growing degree-days and crop growth is not
linear. For example, quite a few warm days together are required
to achieve certain plant stages, e.g. flowering, fruiting. Marine
climates having a long growing season with a uniformly lbw tem~-
perature regime will not produce a wide range of crops in spite
of large seaéon degree—daylaccumulations. Boughner (1964) has
provided a good review of the degree-day concept. Other limita-
tions to the index which he has noted to be of significance are:

(a) each plant species has its own threshold

temperature and responds differently to
antecedent heat accumulation during growth
stages. For example, in the case of corn,

special, exponentially-computed heat units
have been developed.



(b) daytime and nighttime temperatures do
not equally affect crop processes (mean
daily temperatures) and latitudinal effects
are not taken into account. ‘

(c) temperature is a measurement of sensible
heat transfer between the atmosphere and
environment including plants, but is only
an index of radiation exchanges, evaporation
heat losses and condensation heat gains,
though these are principal energy fluxes
affecting plants. ‘

(d) strictly employed there will be heat accumu-
lation before seed germination is possible and
after the vegetative period in fall. Boughner
excluded such spurious data in developing his
"e ffective growing season”.

In spite of these limitations and the fact that other
weather processes are simultaneously affecting plants, the degree-
day index provides a useful assessment of air temperature effects
on a range of crops over a broad area. It is easy to apply and
has previously been used in other regions so affording inter-
comparisons. It forms a key component of the B.C. climatic cap-
ability classification which has been employed later in this study.
Recently, Coligado (1975) has developed an exponentially-controlled
growing degree-day index for cool coastal regions of British Col-
umbia. However, since virtually all of The Territorial study area
experiences a continental climate with relatively warm days and
cool nights during the growing season this modification was not
adopted.

The term "growing season" has been employed to infer

the period outside the frost season when crop growth is feasible.



This has been specifically defined by authorities in a number of
ways. It may correspond to the frost-free period (no temperature
below OOC.occurring), although it is common for many crops to
sustain a mild frost and continue to grow; and as already noted
above, most crops do not begin to grow until some heat accumulation
occurs above the freezing point.’ An "effective growing season"
may be defined as the period when there is a 4/5 chance of no
killing frost (assumed to be 280F (—20C) (Trewartha 1954), or the
period between occurrences of five or more consecutive days of
mean daily temperatures below 42°F (5.6°C) (Boughner op cit).

In this report the frost-free season parameter has been

stressed as it represents a component of the B.C. classification.

2.3 SOIL MOISTURE

Most water assimilated by vascular plants is moved by
turgor pressure through the root system to the stems and leaves.
Precipitation, evapotranspiration and soil properties are deter-
minant factors of the quantity of soil moisture available. Excess
moisture not retained by soil particles drains to the water table,
but as shortages occur it becomes increasingly difficult for plant
root hairs to abstract thin films of water tensionally bonded to the
soil particles. Thus situations arise in na®ure where copious
precipitation may be followed by periods of sunny, dry weather
when the water is quickly evaporated to the atmosphere particularly
when there is a wind associated. 1In areas where soils are coarse-

textured, less water is originally retained near the surface.



Gross averaging of the amounts and timing of precipitation and
evapotranspiration over a number of years may suggest an ééequate
situation  for crop cultivation, but this is the fallacy of averages,
and in the North the ideal condition of frequent precipitation
events throughout the growing season does not occur very often.
Plants must depend greatly on water stored in the soil during

these years, or irrigation may be practised. However, there are
problems particuiar to the North which make these solutions less
attractive. The amount of water stored in the soil is considérably
less than that in British Columbia, for example. Annual precip-
itation for much of thé area is only about 300-500 mm, of which
half is snowfall. Much of the water resulting from snowmelt fails
to infiltrate the frozen soil surface and continues as overland
flow to streams. Local areas may benefit from the release of
autumn rainwater frozen in the soil, or from the degradation of
permafrost. While the clearing of forested land will generally
lead to a lowering of the permafrost table with a release of water,
this process will be completed in a few years when the pe;mafrost
table has passed deep below the rooting zone, where it is no longer
influential.

With respect to irrigation, Peake and Walker (1975) note
that some Yukon irrigation water sources that remain cold all summer
may adversely affect plant development. Low temperatures are charact-
eristic of many streams, otherwise suitable, and the pooling and

heating of irrigation water may be an additional expense to farming



in the North.

The soil moisture content and storage capacity may be
directly measured, but it is more practical for iarge areas to
estimate general conditions by hydrological techniques. For the
purposes of this study a determination of regional values on a
monthly, and growing season basis is adequate. The moisture
stored in the soil at a given time may be computed from climato-
logical records where the evapotranspiration demand is subtracted
from precipitation water available after run-off. For this study
the well-known Thornthwaite climatic water balance procedure was
used (Thornthwaite and Mather 1957). The Thornthwaite values and
indices are computed from temperature and precipitation data, but
it is necessary to ascertain the soil storage capacity.

Authorities have noted a number of limitations in the
Thornthwaite technique for computing soil moisture storage and
other water balance parameters (Baier, 1967, Kakela, 1973). These
deficiencies are largely related to misapplications, in particular
attempts to compute values for periods shorter than a month. This
criticism is justified, since average monthly temperature values
are an important input parameter. Baier and Robertson (1966) have
developed a "versatile soil moisture budget" which as a result of
refinements (Baier et al 1972) can be used with weekly and shorter
period data. The versatile budget is also well related physically
to soil moisture processes. Williams and Sneddon employed this

procedure in a simplified form for the Mackenzie District and while



problems were encountered, these were not particularly related to
the method.

For the purpose of this study which is a seasonal assess-
ment of moisture deficiency over a broad area, the Thornthwaite
method is considered to be as adequate as would be the versatile
budget (Sanderson and Phillips, 1967, Martin and Gray, 1969). A
comparison of seasonal values at Fort Simpson where the versatile
budget was used by Coligado et al (1968), suggests agreement within
45 mm. Moreover, the Thornthwaite procedure is operationally
simple to use and has been employed in many other regional studies,
thus facilitating intercomparisons, (for example the national work
of Chapman and Brown, 1966 or for Quebec-Massin, 1971, Ontario -
Phillips, 1976 the Prairies - Laycock, 1967).

Baier (1967) has prepared a review of the felationships
of soil moisture and evapotranspiration to which those desiring a

detailed appreciation of the problem are referred.

2.4 LIGHT

For many plants the short northern growing season is
compensated by the extended daylength period of the early summer
months. Most plants are sensitive to the quantity and intensity
of light. However, not all plants respond favourably to prolonged
light exposure, thus such crops are unsuitable for northern cul-
tivation. Light is the essential element in plant photosynthesis,
a process which controls protoplasm/tissue production and plant

growth. Light then affects plant structural development, food



production, and the time required for some species to produce seed
(Hildreth et al 1941). Plants also require resting stages which
usually occur at night. Some crops which have been grown in the

North and which prefer a prolonged light period are:

Vegetables: dill cucumber, sugar beets, radish,
spinach, some potatoes;

Grains and

Forages : winter barley, bromegrass, canarygrass,
cloudgrass, fescue, foxtail, oats, orchard-
grass, ryegrass, timothy, winter wheat,
wheatgrass, red clover, sweet clover.

Some crops which are tolerant to long days are:

garden beets, cabbage, lettuce, some peas,
some potatoes, some strawberries, some
tomatoes, spring barley, rye, alfalfa,
clovers.

Some crops which are not affected by photoperiod are:

most lima beans, most string beans,
ecarrots, celery, cucumbers, most peas,
some peppers, a few potatoes, some
strawberries, most tomatoes, most corm

This list was prepared by Spector, and was included in Chapter 7
of Chang (1968). Daylength is a function of latitude, but over

the growing season the longest photoperiod occurs in the area south



of the Arctic Circle corresponding to the Mackenzie Valley settle-
ments of Fort Good Hope, Fort Norman, Wrigley and Fort Simpson, and
in the Yukon: Dawson, Mayo and Whitehorse. Unfortunately for the
North much of the photosynthetically useful insolation for the year
comes while there is still suow cover (Hare and Ritchie 1972).
Daylength also influences air temperatures as the march
of hourly maximum temperatures in summer continues through the
afternoon, permitting comparably higher values, particularly on
clear windless days, to those measured at stations far to the
south. The shorter nighttime period means that low minimum tem-
peratures will not occur often, allowing a larger-than-might-be
expected accumulation of growing degree-days at higher latitudes.
Thus the B.C. agroclimatic capability classification which does not
include a daylength factor, will reflect latitude effect to some
extent through the degree-day index. This matter will be_returned

to later in the report.

2.5 OTHER CLIMATIC FACTORS

On a very local scale a plant climatologist may wish
to isolate cause and effect relationships between weather and
plant performance. On a broad scale to which this report pertains,
cognizance of strong wind zones, areas of flood hazard, plus an
appreciation of contingent physiographic factors affecting climatic
conditions; for example, areas of excessively drained soils, have

important implications for mapping and regional interpretation.



2.6 AGROCLIMATIC LAND CAPABILITY CLASSIFICATION

The climatic capability of a region to sustain agricul-
ture has been examined and classifications have been developed for
several regions of the country. Recently most of this has been
carried out under the auspices of the Canada Land Inventory and
its provincial counterparts.

The procedures of bio-physical (ecological) land class—.
ification have been summarized by Lacate (1969). Bio-physical land
classifications have been undertaken in all parts of Canada over
the last few years, both comprehensiveAand thematic modes. 1In
1976, the Canada Committee for Ecological (Bio-Physical) Land
Classification was formed and its first publication (Thie and
Ironside (eds), presents a sampling of current studies.

In British Columbia (as elsewhere) an agroclimatic
capability classification that would be complementary to a soil
capability classification was developed (British Columbia 1972,
Runka 1973) . The climatic capability classification produced
for Canada (Chapman and Brown 1966) was judged to be too general
for application in the montane province, but some of its concepts
were retained in the new classification. Both classifications are
based on growing degree-days, the frost-free period, seasonal
precipitation and soil moisture deficiency.

Inasmuch as terrain represents important controls over
local climate, the British Columbia land inventory authority found

it necessary to develop a new classification in place of the one



produced for general Canadian use. The terrain of the Yukon Territory
and the western parts of Mackenzie District has similarities to that
of British Columbia, leading Williams and Sneddon (1975-unpublished)
to attempt an agroclimatic capability classification of Mackenzie
District using the B.C. system. At the inception of the present study
it was decided to continue with and complement the work of Williams
and Sneddon using the BC capability classification.

The BC system supposes a range of climatic quality for
agriculture through seven classes, where class I represents a wide
range of opportunities to cultivate a variety of fruits, vegetables,
grains and forages belonging to temperate . climates, and class 7
signifie§ a climate so severe, that even natural browse cannot
regenerate. It is important to note that the classification delimits
the ranges or diversity of selected crops possible within an area,
but does not impute the yield or year to year success of individual
CYops .

The limits of each class expressed through levels ascribed
to the component parameters (growing degree-days, etc.) are listed
in Appendix A.

In addition to primary class parameters, secondary classes
may be assigned in consideration of severe events such as drought,
low winter temperatures, or extreme minima in summer causing plant
mortality, wind, low summer heat accumulation, heavy snowfall, and
intense summer rain. These were not applied in the present mapping

as they depend on local knowledge not available to a reconnaissance



survey. However, application of the classification does require
considerable topoclimatological reasoning, and an abilit§ to make
use of vegetation and soil evidence to infer conditions séme dis-
tance from measuring sites. The BC system grants to the analyst,
the full decision as to class level even when measﬁrements are
available from nearby sites. For example, the system assumes the
soil moisture to be at field capacity at the beginning of the
growing season. Locally this may not be true and the analyst down-
grades the land class to reflect this.

In the application of the BC system to the North, the
soil moisture storage capacity was altered from 250 mm to 75 mm
because most of the area is to the lee of high mountain barriers
and receives comparativeiy less precipitation. Subsequently it
was also found that the growth of certain crops did not correspond
to the defined climatic limits. These matters are further dealt

with in Chapter 4.



CHAPTER 3: GENERAL CLIMATE OF THE STUDY REGION
3.1 MACROCLIMATE PATTERNS

Lérge scale climatic patterns (i.e. those occurring over
large parts of continents) are controlled by latitude, distance from
oceans (coﬁtinentality), domir.ant air-masses, and mountain barriers .
between the region in question and air-mass source regions. The
study region is at high latitudes where the amount of solar radiatiéh?
received at the ground is attenuated by its long path through the
atmosphere. The amount received on each unit of flat surface is also
reduced by the low sun angle, which spreads the energy over the
horizontal plane. High latitude also brings about large differences
in energy income between summer and winter. In winter the sun is low
in the sky and days are short while in summer the high sun is assoc-
iated with very long days. Arctic air-masses, formed over the Arctic
Ocean or far northern land-masses, are characterized by very cold
temperatures. Because of their low temperatures they have low moisture—‘
holding capacity and they tend to produce very little precipitation.
Air-masses originating over the mid-latitudes of the Pacific Ocean
have mild temperatures and a high moisture content. Air-masses formed
over southern parts of the North American continent are warm and dry.
Arctic and Pacific air-masses dominate over the Yukon, and western
Northwest Territories. (Kendrew and Kerr 1955, Kendrew and Currie
1955, Burns 1973). Continental air-masses affect the region on rare
occasions in summer. The Yukon is separated from the Pacific Ocean

by a high mountain barrier and the western Northwest Territories is



separated from the Pacific by several ranges of mountains. Mountains
also reduce incursions of Arctic air masses into the northefn Yukon,
but the western Northwest Territories is essentially open to the
north. The effect of continentality, (or distance from the ocean)

is that an air-mass wmay remain over the land for a long time and
become very colid in winter or very warm aﬁd dry in summer. This
effect is often felt in the southwestern Northwest Territories.

There are frequent intrusions of warmer Pacific air into the Yukon
during the winter.

The climate of a region is usually described with the
aid of observations at climatological stations ﬁithin the region.
The network is documented in Appendix J. The long-term climato-
logical stations in the North, for which the record is widely
published, are nearly all located near lakes or large rivers.

They are thus also situated at the lowest local elevations.

Such siting is representative of the climate of the shores of
rivers and lakes, but it is not representative of the climate

of the surrounding land that is higher and not close to large
bodies of water. The bias caused by stations at low elevation

is to represent higher temperatures than the average for the area,
because of the general decrease of temperature with elévation. Such
stations also have a small difference between daily maximum and
minimum temperatures because the air temperature tends to take on

characteristics of the nearby water surface, i.e. a small daily



range. Precipitation amounts may also be less than average at .
lakeshore sites, because cold water in summer will inhibit the
natural convection of air currents by chilling from beneath. Undér
different synoptic conditions originally moist air may undergo
sinking to lower elevations which dries and brings stability to
the air. However, in fall, evaporation from lakes into passing
dry Arctic air may bring about shoreline snowshowers and the form-
ation of discrete belts of deep snow cover. Since the settlements
are all located along rivers and lakes, and agriculture is likely
to develop first in warm locations and near present settlements,
the climate of the long-term climatological stations is in most
cases representative of the suitable agricultural land in their
vicinity.

Temperatures in the North during summer are only slightly
cooler than at many localities in Western Canada. For example,
the mean July temperature at Fort Simpson, N.W.T. is 16.8°C and at
Dawson, Yukon it is 15.0%. at Edmonton, the mean July temperature
is 17.5°C. The winter mean temperatures in the North are much cooler.
For example, the January mean daily temperature at Fort Simpson
Airport is -27.6°C compared with -18.7°C at Saskatoon Airport. However,
summers in the North are short with only a modest accumulation of heat
during the growing season. A few comparative values are 1100 growing
degree~-days (GDD) Celsius (above SOC) for Fort Simpson (the warmest
place in the Territories); 970 GDD at Dawson; and 660 GDD at Haines

Junction; compared to 1400 GDD at Edmonton. At some places with low



elevation, the summers are coolest and thé degree-day accumula-
tions smallest. An example is Haines Junction, which is situ-
ated at 600 m a.s.l. below the icefields of the St. Elias Mountains.
Summer temperatures are also cooler around Great Slave Lake than
at places more than half-way downstream on the Mackenzie River.
The warmest places afe in the southwestern Northwest ferritories
away from the lake, particularly along the Mackenzie River down-
stream to Wrigley, and upstream from Fort Simpson along the Liard
River. In the Yukon, most valley bottoms below about 750 m a.s.l.
are warm enough for some form of agriculture.

The average frost-free period across the North varies
so much that local effects are apparent on even a casual analysis.
Yellowknife Airport, on the north side of Great Slave Lake has
the longest average frost-free period (108 days) in the Territories,
and is comparable to Edmonton, Saskatoon and Regina, all places
with much warmer mean summer temperatures. Throughout the region
of greatest interest to this study,long-term average frost-free
periods vary, for most part, from 60 to 95 days. The longer per-
iods are recorded around Great Slave Lake, and at other places
where the climate stations are well-ventilated with high minimum
temperatures due to heat from the water bocd;y. The shortest mean
frost-free period in the region is 21 days at Haines Junction.
This station experiences brief nocturnal frosts in all of the
summer months which suggests that cold air circulated downslope

from mountain glaciers may be impounded in the saucer-like terrain



of the Shakwak-Dezadeash Valley confluenceT In such a case Solar
energy is consumed in heating the air at the exbense of the soil
and adjacent plant environment.

The precipitation pattern over the study area reflects
the influence of mountain barriers on moisture-bearing Pacific
air-masses and some local effects. Summer precipitation is mostly
shower activity which is dependent on the sun's heating of the land
to induce vertical air currents which subsequently develop intb
showers. Where a large lake or cold winds from glaciers dampen
convection, the summer precipitation is reduced. The high mountain
barrier of the St. Elias Mountains climatically separates‘the
southwestern Yukon from the Pacific Ocean. The lowest precipitation
amounts in the Yukon occur immediately to the northeast of these
mountains. The highest precipitation experienced at Yukon low-
elevation climatological stations occurs at Watson Lake. This
southeastern Yukon location receives moist air from both the
southeast and the south. In the Northwest Territories there is
a large change in annual total precipitation from the 300 to 340
mm south of Great Slave Lake to 250 to 280 mm on the north side
of the lake. Fort Providence at the west end of the lake also
has low precipitation attributed to the cold wafer bedy. The
highest precipitation rates at low-elevation locations in the
Northwest Territories are estimated to occur along the Liard
River just north of the British Columbia border. This appears

to be associated with the impact of moist air-masses from the southeast



rising and cooling on windward mountain ranges.

The climatic moisture deficit described in Chapter 2 is
an important index of water available to crops. Since this deficit
increases with increasing temperature but decreases with increasing
precipitation, it is highest on the average, in warm areas with low
rainfall. The highest climatic moisture deficits in the study area
occur at Whitehorse, Yukon and at Fort Providence, N.W.T., both
places having high summer temperatures and low precipitation. The
deficit at these stations is about 240 mm, while the deficit for
most of the other long-term climatological stations averages 150
to 220 mm annually. The lowest climatic moisture deficit occurs
at Haines Junction, with a value of 73 mm. This station has low
precipitation, but it also has little energy available in the
ambient atmosphere for evapotranspiration. These climatic moisture
deficit estimates are based on an estimated soil moisture storage
capacity of 75 mm. Extensive clearing and cultivation of land may
deepen the rooting zone and increase the moisture storage capacity.
This would also be accomplished by adding organic material to coarse-
textured mineral soils. Thus the soil moisture deficit described
in this report which has been fitted to natural surfaces may become

less of a limitation on cultivated lands.

3.2 MESOCLIMATIC PATTERNS
Mesoclimatology describes climatic patterns over small
areas from about a kilometre to a few tens of kilometres across.

The climate within an area of this size is controlled by the



topographic factors of elevation, slope aspect and shape, and
proximity to local water bodies. The special network and surveys
were designed to permit mapping at this scale (1:50,000 - 1:250,000).
Even finer-scale details are significant in choosing individual

areas for cultivation and selection on that scale should be left

to microclimatologists.

The effects of topography are qualitatively discussed
in general texts on micro- and mesoclimatology, such as 'The
climate near the ground' by Geiger (1965), or 'Descriptive micrometeoro-
logy' by Munn (1966). Some applications of topoclimate to agri-
culture are reviewed in 'An Introduction to agrotopoclimatology;
by MacHattie and Schnelle (1974). 1In all of the above texts there
is an extensive review of the literature, but the findings are
often inconclusive as a result of the complexity of effects at
each field situation studied and the difficulty of operating con-
trolled experiments on real topography.

However, in this study the effect of commonly recurring
land forms on local climatic patterns has been estimated quantit-
atively, making possible the climatic mapping of areas tens of
kilometres distant from any climatological observation sites.

The effect of increasing elevation is a general reduction
in air temperature. This has been estimated in other mountainous
regions at about 0.650C/100 m (Geiger, loc. cit.). In this project,
an average reduction of mean daily maximum temperatures in the

summer of O.BOOC/lOO m was found to occur for the several local



transects. The reduction of mean daily temperature is at a lesser
rate, because higher ground tends to have a smaller range between
the daily minimum and maximum temperatures. Because the daily range
is smaller and less variable with ascending elevation from a wvalley
bottom, frost hazard decreases, even though the average temperature
also decreases. Near the ground at night, however, a reverse grad-
ient in the vertical temperature profile may be established due to
radiated heat loss from the surface. In winter,and in confined
valleys which are typical to much of the Yukon, these "inversions"
are hundreds of metres thick.

In broad valleys or relatively flat land, where elevation
gradually changes from place to place, the daily temperature range
does not vary as it does in narrow valleys. The decrease of tem-
perature with elevation in such areas is about o.8o°c/1oo m. The
minimum temperature also decreases with elevation, and there is
a regular decrease of both the acqumulated growing degree~days and
frost-free season with elevation.

The effects of slopes on climate are related to their
steepness, ﬁorphology and the direction they face (aspect). Tem-
perature records are influenced by the downslope nocturnal drain-
age of cold air or by the degree of mixing oI diurnally-warmed
air on slopes with southerly aspects. Steeper slopes, and those
with convex shapes have relatively better cold air drainage and
so have higher minimum temperatures than shallow or concave slopes.

Well-drained slopes are also subject to increased mixing of their



surface air with the surrounding air-mass in the daytime. This
effect reduces the daily maximum temperature on steep and particu-
larly on convex slopes. Concave landforms, such as hollows or
ravines, and particularly those with no slope, are most susceptible
to "pooling” of cool air, to reach very low temperatures on quiet
]nights. Under such conditions the vertical temperature gradient

is reversed in the lowest layers of the atmosphere forming an in-
version. In the North where the sun angle is always low, slopes
which face south collect more radiation than level ground and con-
siderally more radiation than north-facing slopes. This effect
causes an increase in the total radiation received by rough, broken
land surfaces compared to smooth, flat land.

The agroclimatic significance of the above-discussed
processes on temperature may be summarized. South-facing slopes
are warmer because they receive more radiation. Well-drained
slopes have a small daily temperature range; they have less risk
of frost; and they have a longer frost-free season. Concave forms
with no slope are the so-called "frost hollows", wherein even shallow
slopes permit cold air to flow gravitationally like sheet run-off
of rain water from the land. Concave forms (ravines) on north
slopes are subject to many cold nights because 6f the combination
of reduced solar heat and impeded cold air drainage.

Precipitation is also affected by topography. There is
a general increase of precipitation with elevation associated with

the lifting of air-masses over the land. Air-masses bringing



moisture tend to come from a particular direction, a source area.
Therefore, the side of a range of hills or mountains facing that
source receives the highest precipitation (the windward side) while
the downwind or leeward side is dry. In the study area, the agent
of iifting causing most summer precipitation is convection currents
resulting from daytime heating of the earth'é surface. Such con-
vection cells bring about an uneven precipitation distributioﬂ
(scattered showers). Such patterns present great difficulty when
preparing regional precipitation maps. This type of precipitation
of course decreases where the effect of daily heating is reduced,
such as near a large lake. There may also be a reduction in con-
vective precipitation near high mountains, because of subsiding
cold air from snoweand icefields during both day and night.

It follows that the pattern of increased precipitation
withaltitude accompanied by decreased temperatures means that evap-
orative stress on the soil and plants will be less at moderate
elevations. On sunny slopes the moisture demand and soil deficit
increases and such areas may be unsuitable for agriculture, par-
ticularly where open soils with low moisture-holding capacity also
occur. In the mapping of agroclimatic capability, significant
moisture limitations were noted in warm areas at the bottom of

valleys and on the sunny slopes.



CHAPTER 4: COLLECTION, PROCESSING AND ANALYSIS OF DATA
4.1 PRINCIPLES OF THE FIELD SURVEY
The obiective of the project as a whole was to map in as

fine detail as possible, the main climatic limitations to agriculture.
As described in Chapter 2, the limitations can be well approximated
by: the heat accumulation during the growing season; the length

of the frost-free season; and the meoisture supply, assuming for the
moment that photoperiod is notregionally significant. These in turn
can be estimated from measured temperature and precipitation. There-
fore, the two essential climatic parameters measured in the field
study were temperature and precipitation.

It is recognized that other climatic factors, i.e. soil
temperature, sunshine or solar radiation, evapotranspiration measure-
ments have a bearing on the climatic capability for agriculture.
Thesge have been indirectly assessed in the mapping procedures, based
on regular meteorological network information. Some effort was
made to measure weekly soil temperatures at a number of sites. The
results are reported in Appendix H.

Ag described in Chapter 3, there are considerable diff-
erences in general topographic form and other major climatic in-
fluences across the region of concern to this project. The Yukon
is mountainous, with a particularly high barrier to moist Pacific
air in the southwest corner of the Territory. Temperatures vary
considexably from the warmth of the southeastern Yukon, to the cool

of the northwest, which is more subject to Arctic air-masses. 1In



view of the Yukon topography all lands with agroclimatic suitabil-
ity lie in some sort of valley, and are therefore under the in-
fluence of those pertinent valley mesoclimatic patterns. In the
Northwest Territories, where the land is flat or gently rolling,
the local patterns are caused by elevation differences and drain-
age patterns of air and water. The influence of Great Slave Lake
and smaller bodies of water were of particular concern, since es-
tablished service centres and some of the better soils are found
near them.

The field study was designed to sample the local climatic
patterns within each major physiographic region. The local patterns
to be measured were the effects on climate of elevation, slope
aspect, and slope shape within an appropriate elevation range.
This range needed to be large enough to show the effect of ele-
vation, and to cover the probable range of potential agricultural
land in the locality. It was desirable to make some of the ob-
servations in former agricultural areas in order to take advant-
age of past agricultural experience for the establishment of agro-
climatic classification.

The field study programme had to produce data which could
be analysed and mapped. This required stai dardization in the in-
struments used, in their siting and installation: and the data
abstracted from them, had to conform within the temporary programme

and with the regular climatological network.



Briefly stated, the principles of the field programme and
the project itself were as follows:

a) to measure and evaluate temperature and pre-
cipitation, from which the basic climatic
limitations to agriculture can be derived;

b) to produce a good areal coverage of the chief
climate parameters according to broad natural
landscape divistion, and within known agricultural
areas, so that past experience might be used to
advantage;

e) to show climatic changes due to surface ele-
vation, slope geometry and aspect within an
appropriate elevation range;

d) to produce mappable data.

While limited by normal constraints of time, money and
personnel, this study represents a more detailed agroclimatic
analysis of the Yukon and Northwest Territories than previous
work. The results of such a vast reconnaissance-type survey
conducted within a brief period of time must be considered tent-
ative until more crop and climatic data become available. In

time, information from presently inaccessible areas may warrant

reassessment of the present data.

4.2 PROCEDURES
4.2.1 Transects

Most of the 50 temporary climatclogical stations were
arranged in 14 transects of two to five sites placed within a
few kilometres of each other, for each locality studied. A few

stations were set up individually to help sample



the climate of large land areas between the transects and between
regular climatological stations. The transects were designed to
determine the effects of elevation and slope aspect on climate.
The basic form of valley transects was conceived as in the diagram

below:

site 5 X site 3

site 4 X site 2

X 4

S site 1 N

The standard elevation range was intended to be 150 m from the
valley floor to sites #2 and #4, and a further 150 m to sites
#3 and #5. The sampling of other factors of topography within
the valley depended on the sites available. This form of transect
was used at most of the Yukon localities, and was applied, in
part, at Fort Liard, Nahanni Butte/South Nahanni, and Wrigley
in the N.W.T. A complete listing of the transect locations, the
number of sites in each, and the location<3findividualvtemporary—
network, climate stations, is given in Appendix D.

Two other forms of transect were also applied. At Fort
Simpson, N.W.T., where there are only small differences in ele-
vation, five sets of instruments were placed at seven sites over

the course of the two field seasons. The sites were chosen to



represent different local landforms, such as marsh, sand dune,
level ground, river bank, or island. At Hay River, N.W.T. the
transect was derived from climatological stations situated at 1.5 km and
21.5 km from the south shore of Great Slave Lake. These sites

were on nearly level ground with a few surrourding trees.

Limited roadways and trails along with rough terrain were
the limitations which caused most of the valley transects to be
incomplete. Within a reasonable ground range of Wrigley and Nahanni
Buﬁte, there were only valley floor features and south-facing
slopes. North-facing slopes were separated by rivers and/or con-
siderable distance from the rest of the valley configuration. At
most of the Yukon transects, roads had been built on the north
side of the valley. A long walk, and in some cases, a river, pre-
vented access to the south side of these valleys on a regular basis.
I. would have been valuable to sample climate away from the rivers
and large lakes in the general land area between Fort Simpson and
Fort Liarxd, N.W.T. This was precluded by the expense of hiring
helicopters.

The places chosen for transects in the temporary network
of climate stations were representative of the latitude and longi-
tude of the upper Mackenzie and lower Liard River valleys, and of
the major valleys of the Yukon; this also provided for some sampl-
ing of the climate south of Great Slave Lake. The Yukon terrain
may be considered in simplified form as a series of valleys separ-

ated by mountain-chains running northwest to southeast, each further



from the Pacific Ocean. The Whitehorse and Champégne transects_
sample landscapes typical to the southwest of the territory.
The Teslin and Carmacks transects are in an intermediate valley,
and the Watson Lake, Stewart Crossing and Dawson transects all lie
within the Tintina Trench. Most of the transects include a regular
climatological station, usﬁally one of long-term record.

The basic instrumentation of each site in the tranéects
and temporary network was a Lambrecht 252C thermohygrograph, with
a seven-day clock, or a 3l-day clock; standard A.E.S. maximum
and minimum Fahrenheit thermometers; and a rain gauge. The rain
gauge consists of a cylinder having a diameter of 9 cm and is
mounted with the receiver opening about 30 cm above the ground.
The thermohygrographs and thermometers were sheltered from radia-
tion in louvred Stevenson Screens, with the sensors 1.4 m above
the ground. Six sites were equipped with mechanical weather
stations (Meteorology Research Inc., model 1082M), which record
air temperatures, relative humidity, wind direction and speed,
and rainfall including rate of fall. The temperature and humidity
sensors are on the north face of the instrument housing, sheltered
from radiation from above, east, west, and south. These sensors
were sited 3.3 m above the ground with the wind vane and cups at
3.5 m above the ground. The mechanical weather stations provided
a non-standard observation in several ways. The height above
ground and the radiation shielding differ from international

standards for air temperature networks. Similarly, the anemometer



height and exposure were non-standard. Nevertheless, the data
were of considerable use in evaluating local climate. Occasional
calibration spot checks of temperature and huﬁidity were made
with a portable psychrometer held near the mechanical weather
station's heéd. At mest of the mechanical weather station sites
in the Yukon collocated regular temperature-humidity stations
were operated for at least one month simultaneously. A full des-
cription of the equipment used in the field programme, both for
the temporary network and mobile surveys, is given in Appendix

E.

The data abstracted from the records of the temporary
climate stations were: daily maximum and minimum temperatures;
daily maximum and minimum relative humidities; and total pre-
cipitation for the period between station servicing, usually
one week. For the mechanical weather stations, hourly wind speed
and direction, and daily precipitation were also abstracted.

For the thermohygrograph-thermometer sets, the process was com-
pleted by transcribing adjusted thermohygrograph daily maximum
and minimum temperature values to data sheets and magnetic storage
tape. The adjustment factor was determined from the differences
between the self-registering thermometer values (standard) and

the thermograph trace over the servicing period.

4,2.2 Mobile Surveys

Mobile surveys of temperature were made by motor-vehicle



along access routes between the stations of each transect in the
temporary network in the Yukon and Northwest Territories. Some
surveys were also made along the highways in the Northwest Terri-
tories connecting Fort Simpson, Fort Providence, and Fort Smith

to Hay River. The purpose of these surveys was to look for details
of climatic variation which may have been missed by the stations

in the transects, and to determine the interstation topoclimate.

In order to represent the same sort of data generated by the per-
manent climate stations, the mobile surveys were run in the after-
noons and late at night, in order to document the times of day
when maximum and minimum temperatures normally occur. The emphasis
in the surveys was placed on sampling nocturnal conditions of clear
skies and little or no wind. This case is known to be one in which
local topography most clearly affects the pattern of local tem-
peratures, as the modifying effects on temperatures caused by air
mixing and back-radiation of heat energy from clouds, are kept to

a minimum. On clear, quiet nights in a cool, dry air-mass, the
influence of local topographic forms on the settling and pooling

of cold air, and therefore temperature, is intensified, with the
result that frost may occur on concave-shaped landforms, though

not elsewhere. Therefore, a deliberate samrling of these con-
ditions by mobile surveys helps to reveal the areas and landforms
of high-frost hazard, leading to the definition of an important

climatic limitation to northern agriculture.



The mobile surveys for this project were done in light
trucks and on foot. The trucks carried fast—response_electrical
thermometers, in some cases with recording equipment. The tem-
perature sensors were radiation-shielded. 1In the Yukon Territory,
the foot surveys were extensions of the truck surveys, running
from the roadside to the sites set back from the road. In the
Northwest Territories there are no roads joining the temporary
climatological stations at Nahanni Butte/South Nahanni, Fort
Liard or Wrigley. These transects were surveyed entirely on foot
and by boat. For the Northwest Territories foot surveys, a port-
able electric thermometer was used. For the supplementary foot
surveys in the Yukon, a hand-held psychrometer was employed. With
vehicle-borne thermometers, significant temperature differences
could be measured over distances as short as approximately 200 m.
On the foot surveys this was reduced to about 50 m. (An example
of the mapping of a mobile temperature survey is shown in Figure

6).

4.2.3 Other Observations

A few other forms of climatic observation were undertaken
in the study area during the two field seasons . These included
documenting patterns of phenological events in aspen (Populus
tremuloides), soil temperature observations, discussions with
northern residents, and general observations of the climate over

the area during the summer season.



Phenological events represent observable stages in the
annual growth cycle of plants, such as the leafing-out of deciduous
trees in the spring. The purpose of recording such events was to
detect response patterns of vegetation to weather sequences between,
and at the temporary climatological station transects. The servic-
ing crews travelled from bases at Whitehorse, in the Yukon, and
Fort Simpson, in the Northwest Territories, to most of the tempor-
ary climate network stations on a weekly basis. An attempt was
made to look at the patterns of selected phenological evénts over
the routes travelled regularly. The events selected were the
spring leafing-out and the autumn colouring of leaves of the
aspen. This species is common to the whole area, and has readily
observable changes, which can be viewed from a distance. These
particular events were chosen because they are indicators of the
onset of growth in the spring and the end of the growing season
in the autumn.

An attempt was made to measure soil temperature without
permanent probes. Two approaches were tried. In one attempt,
holes were bored so as to be slightly less in depth than the
standard measurement levels of 10, 20, 50 and 100 cm. They were
kept open by means of a plastic pipe liner approximately 2.5 cm
in diameter. The holes were kept covered between observations
with fibreglass batting or spruce boughs. The temperatures were
measured with a sharp-pointed, metal-~sheathed thermistor probe

which was pushed past the bottom of each hole, one or two centi-



metres to reach the standaxd level. The other approach also in-
volved a probe beiné pushed into the bottom of a small hole approx-
imately 2.5 cm in diameter. In this case, a fresh hole
was bored for each observation, using a soil auger. The bo;ing was
stopped at approximately zach standard level whereupon the thermis-
tor probe was inserted and é reading taken. Since the observations
were made weekly and not at a standard time of day, the data from near
surface levels proved difficult to analyse. The 50 cm and
100 cm levels, however, showed a consistant difference through the
season, from the network‘soil temperature station at Watson Lake
Airport. Appendix H provides further details of this phase of the
programme .

The field co-ordinator, attempted to discuss climate and
agriculture with residents of places throughout the study area.
It was necessary to carefully digest what was learned in this way,
since little of it was based on systematic records of climate or
agriculture. These interviews were useful in that they revéaled
the range of crops raised in at least some years, and something of
the husbandry necessary to grow them. There were very few people
actually engaged in crop production within the study area and it
was not feasible to contact all of them. Discussion with these
northexrn residents served mainly to provide a feel for the forms
of cropping systems in the North, and their relations to northern

climate and to other areas.



The field co-ordinator spend most of the sumﬁér of 1975rand the
early summer of 1976 travelling in the North. He directly observ-'
ed the weather conditions and crop responses through the growing
season. Such local knowledge was useful in the mapping so that
subjective adjustments to. the necessarily coarse objective esti-

mates of local climate patterns could be made.

4.3 ANALYSIS OF CLIMATIC PATTERNS

It was originally iﬁtended that the transect temperature
and precipitation data could be grouped into regional patterns
based on physiographic definition. For a number of reasons this
plan did not materialize as conceived. Short-period relation-
ships between the parameters measured on the transects and those
observed at the permanent network reference stations were diff-
icult to define. An attempt was made to relate the 1975 season-
al transect observations of accumulated growing degree-days, frost-
free days and soil moisture supply to concurrent values at perman-
ent long-term stations. In 1976, however, the patterns established
the previous year did not hold so the approach was relaxed to
utilize growing season means of temperature and annual precipita-
tion totals. Monthly variability was estimated to be proportional
to the permanent station estimator. For mapping of agroclimatié
parameters, the basic patterns were determined from the areal

temperature and precipitation fields.



4.3.1 BAnalysis of Temperature

The observations of temperature were summarized to mean
values for the four-month summer field seasons (June 1 to Sept.

30, 1975 & 1976); these being the: daily mean, mean daily max-
imum and mean daily minimum. The means for the séme period for all
other stations in the study area were calculated for comparison.
These temperatures were plotted for each locality or region against
elevation to produce local or regional temperature profiles (Table
1) . The transects were analysed individually for the local effects
on temperature of elevation, slope aspect, drainage and slope shape.
The resultant findings were synthesized into regional estimates of
the effects of these topographic factors, since each transect was
physically unique, and since there was limited sampling of some
factors in some transects (e.g. north aspects).

Since the climate of each station in the local transects
was due to a complex of topographic factors, it was necessary to
combine the results of several transects to isolate each factor.
The effect of elevation was observed in transects of two or more
sites in 12 localities‘,l Aspect was compared between northerly
and southerly slopes at six localitiesz, and between level ground
and southerly slopes at all 12 transects with elevacion changel.
Note 1l: Whitehorse ,Champagne , Haines Junction, Carmacks, Stewart

Crossing, Dawson, Carcross, Teslin, Watson Lake, Fort
Liard, Nahanni Butte, and Wrigley. '

Note 2: Whitehorse, Watson Lake, Champagne, Carmacks, Stewart
Crossing, and Fort Liard.



Table 1

Mean Seasonal Vertical Temperature Gradients at Individual Transects

(°c/100 m)
Transect Maxima Mean Remarks
(daytime)
Yukon
Composite Yukon Valley Sites 1976 1.0 0.8 14 stations
Composite Yukon Hilltop Sites 1976 0.8 0.7 12 stations
Yukon-southerly drained 1976 1.0 0.9 8 stations
Yukon-southerly drained 1975 1.0 0.7 10 stations o o
Whitehorse 1976 0.7 0.5 above 1000 m 1 (max) 0.7 (mean)
1975 0.8 0.4 o
Champagne 1976 1.0 0.6 below 850 m, inversion -0.8" (mean)
1975 0.9 -0.3 inversion throughout for mean
Haines Junction 1976 0.6 0.3
1975 0.7 0.5 _
Carmacks 1976 0.9 0.5 isothermal to 800 m for mean
1975 1.0 0.4
Stewart Crossing 1976 0.9 0.5 inversion sites 1-2 (mean)
197% 1.0 isothermal (0.0) inversion sites 1-2 (mean)
Dawson 1976 0.7 0.4 low min temps influence mean
1975 0.7 0.3
Carcross 1976 1.1 0.7
1975 0.8 0.6
Tagish 1976 0.7 0.3
Teslin 1976 0.5 isothermal (0.0)
1975 0.7 0.2
Watson Lake 1976 0.7 0.5
1975 0.8 0.2
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Transect

Northwest Territories

Southwest N.W.T.
Composite 1976
1975
Fort Simpson 1976
(elevation range 150m)
1975
Nahanni Butte 1976

1975

Fort Liard 1976
1975
Wrigley 1976
(elevation range 115m)
1975

Table 1 (cont'd)

Gradient oC/ 100m

Maxima

0.8
0.8
isothermal (0.0)

isothermal (0.0)
0.8

0.9

O 0
[l

Mean

0.
0]

LG )]

-0.

isothermal (0.0)
0.7

Remarks

Steep inversion (mean) up to 275 m
(-2.5)
inversion up to 320 m
(-1.3)

87

mean is isothermal to 400 m
steep inversion from site 1 to Airport
(mean)



There was no case where a simple north-facing”siope wasvavailéble

to compare with a simple south-facing slope. The effect of the
shape of the landformbwas specifically observed at Fort Simpson

and Teslin. The effect of the shape of sites was estimated in
interpreting temperature profiles for the various transects. The
analysis also relied on known and accepted effects of topography

on climate (e.g., Geiger, 1965; Munn, 1966; MacHattie and Schnelle,
1974; Curry and Mann, 1965; Dickison, 1970; Walker, 1961).
Graphical examples of local temperature transects are illustrated

by Figure 1.

The analysis showed a consistent decrease of mean daily
maximum temperature with elevation. After explainable local de-
viations had been adjusted for, the rate of decrease with elevation
(lapse rate) of the mean daily maximum temperature was observed
to be generally between 0.75 to 0.85°C per 100 m. A value of 0.80°C
per 100 m was used for the temperature estimates used in the mapping.
It will be noted in Table 1 that there exists a wide disparity in
transect lapse rates indicating the myriad of microclimates occurr-
ing and the difficulty in selecting sites representative of ex-
tensive areas. However, it may be profitable to re-interpret data
sets stratified acqording to synoptic condi*-ions.

The difference between daily maximum and daily minimum
temperature is the range. The mean daily temperature range was
found to vary considerably with topographic form, and proximity

to bodies of water. There were some consistent patterns of this



parameter, and these were noted and used with the determined max-

imum temperatures to estimate the mean and minimum for each place.
. o :

Some typical values of mean daily range (.C) for the four-month

summexr season are:

Level land (Mackenzie) ©13°

Valley-floor (Yukon) 14°

Bog 15° to 16°
Concave base of a slope 16o to 18o
Well~drained slope 12O

Hilltop (convex slope) 8° to 10°

Great Slave Lake shores 10° (12°‘in bogs)

In the Yukon, the standard (most of the long-teim record
stations) was a valley-floor locétion. It was estimated that max-
imum temperatures on south-facing slopes were about 0.5°C warmer
than the valley~floor sites, and the maximum temperatures on the
north-facing slopes were 0.5°C cooler than valley-floor lécations.

The long-term stations are, of course, located at vary-
ing elevations. 1In order to standardize them to a common level,
an equivalent mean daily maximum temperature at 500 m a.s.l. was
generated by drawing a line having a slope of»0.80C/lOO;m through
thé value for each station. These standard-elevation, mean daily
maximum temperatures for the season wére plotted on a regional
map. The isotherms of this stratified temperature field show
regional effects without the complication of altitude (Map 3).

As a general principle in the study area, features of



topography large enough to see on the scale of mapping used (1:250,
000, 1:50,000) were taken into account as much as possible in the
estimation of température—rated agroclimatic limitations. In add-
ition to the common and frequently-found features mentioned above,
cognizance was also taken of the warming effect of large rivers
and lakes, the lowering of maximum temperatﬁre at hilltops due

to mixing with surrounding air, the excessive daytime heating of

concave south-facing slopes, among other factors.

4.3.2 Analysis of Precipitation

The observations of precipitation in the temporary net-
work did not appear to show any consistent increase or decrease
with elevation, and stations in the same locality with similar
topography had large differences in seasonal precipitation accum-
ulation (of the order of 1:2, Appendix F). This is further ex-
emplified by Table 2. These observations engendered some caution
in using precipitation observed in two seasons to draw estimated
mean precipitation patterns over the area. As a further test
of the reliability of such estimates, the ratio of the 1975 summer
season precipitation at the long-term record stations, to their
respective 1941-70 normals for the same period was calculated and
mapped. The map (Map 4) showed general regional patterns, but
there were some large unexplained differences between adjacent
stations. Since the pattern was not completely consistent, no
map of the estimated ratio of observed season precipitation to the

30-year period mean could be drawn with confidence. The obser-



Table 2

Transect Precipitation Analysis'

June ~-Sep Precip.Gradient
Transect Station Elevation (m) Gauge Aspect Precip. (mm) (mm/100 m)
1975 1976 Aspect 1975 1976
A YUKON
TESLIN Teslin #2 872 W 162 113
Teslin #3 1009 W 179 172 L L2 #ei=l
Teslin,"A" 701 S 164 161
Johnson's S 10.8 -
Crossing 738 S 168 -
WATSON LAKE Watson L.#2 799 W 231 300
Watson L.#3 914 ON TOP OF HILL 221 273
Watson L.#4 814 S 225 260
Watson L.#5 902 S 237 324 S 9.9 23.0
Watson L."A" 685 S 217 274
Rancheria 969 W 227 190
Swift River 891 S 219 -
CARMACKS Carmacks #1 524 S 160 - .
Carmacks #2 658 W 156 87 12.7 16.4
Carmacks #3 692 N 181 115 - 7.5 L
Carmacks #4 792 W 173 109 :
Carmacks #5 692 E 151 135
Carmacks,
Forestry 533 N 169 ——
STEWART Stewart Cr.#l 494 W 151 132
CROSSING Stewart Cr.#2 640 W 160 141
Stewart Cr.#3 780 W 157 156 W 6.2 8.5
Stewart Cr.#5 555 E 225 95
Ft.Selkirk 454 S 142 118

[4s)



Table 2 (cont'd)

June -Sep Precip. Gradient
Transect Station Elevation (m) Gauge Aspect Precip. (mm) (mm/100 m)
1975 1976 Aspect 1975 1976
MAYO Mayo,"A" 503 S 269 188
Elsa 814 N 177 210 S 5.1 2.1
Keno 1472 s 318 208
WHITEHORSE Whitehorse#l 853 W 170 116
Whitehorse#2 1015 W 251 129 w 26.1 11.6
Whitehorse#3 1018 E 191 95 E 1.9 1.0
Whitehorse,Riv. 643 W 154 86
Whitehorse, "A" 703 E 185 92
CHAMPAGNE Champagne#1 701 S 155 100
Champagne#2 677 S 187 90 S 11.8 7.3
Champagne#3 841 S(Hilltop) 186 79
Champagne #4 905 S 214 -
Champagne#4B 936 S - 109
Champagne#5 826 N 189 82
HAINES Haines Jctn.#2 643 S 152 -
JUNCTION Haines Jctn.
M1.1019 599 S 163 - 125
DAWSON Dawson#1 366 N (Broad Valley) 140 73
Dawson#2 512 S 138 106
Dawson#3 384 N 156 127
Dawson City 324 W 146 929
CARCROSS Carcross 661 W 115 112
TAGISH Tagishil 661 E 93 113
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Table 2 (cont'd)

June -Sep Precip. Gradient
Transect Station Elevation (m) Gauge Aspect Precip. (mm) (mm/100 m)
1975 1976 Aspect 1975 1976
B N.W.T.
FORT SIMPSON Ft.Simp.#1l 123 \ 156 185
Ft.Simp.#2 177 E 164 - N - 21.6
Ft.Simp.#3 177 E 162 214
Ft.Simp.#6 177 N - 190 (E)
Ft.Simp."A" 176 E 171 207
Poplar River
#1 265 N 192 (E) 219
WRIGLEY Wrigley #1 131 W 170(E) 107
Wrigley #2 171 W 150 (E) -
Wrigley #3 216 W 127(E) 70 w -50.6 =-43.5
Wrigley #4 247 W - 70 (E)
Wrigley "A" 156 W 257 87
NAHANNI Nahanni #1 317 S 271 257
Nahanni #2 189 Broad Valley 277 221 S -4.7 28.6
No Slope
FORT LIARD Ft. Liard #1 390 S 266 443 o
Ft. Liard #2 384 E 264 348 N 78.9 -436.8
Ft. Liard #3 232 N 275 307
Ft. Liard #4 305 N on Top of 196 184
Ridge
Ft. Liard "a" 213 N 260 390
HAY RIVER Hay River #1 165 No Real 137 218
Hay River #2 201 - slope 186 250
Hay River aspect valley
Paridise Gardens 213 - too broad 153 234
Hay River "A" 161 132 193

i14°]



Table 2 (cont'd)

June -Sep Precip. Gradient
Transect Station =  Elevation (m) Gauge Aspect Precip. (mm) (mm/100 m)
1975 1976 Aspect 1975 1976 -

FORT NELSON Ft. Nelson A. 375 S 322 475
TROUT LAKE Trout Lake 497 N 196 (E) 138(E) from 1.7 -61.4

-Popular

River N
MACK .HIGHWAY Mile 166.5 250 N 141 (E) 134
FORT Fort
PROVIDENCE Providence 159 Broad Valley No 163 145

Slope

JOE KRAUS Joe Kraus 290 E - 305
FORT SMITH Fort Smith "A" 203 N 256 169

YELLOWKNIFE Yellowknife "A" 208 S 122 147
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servations of 1976 had similarly large variations betwéen stations
from the 1975 values, and from the normal. Accordingly, it was
decided to interpolate precipitation between long-term stations
taking account of likely variations due to synoptic (large-scale)
weather patterns, elevation, mountaih barriers, large lakes and
other features.

To find a reasonable regional estimate of the increase
of precipitation with elevation, the records of annual total pre-
cipitation were reviewed for all possible high and low elevation
station pairs in the study region. These consisted mostly of the
last two to four years of record from storage gauges at hilltop
locations in tﬁe Yukon, compared to valley stations nearby. There
are also a few places where stations other than hilltops can be
compared with places much lower in elevation. Tabie 3 indicates
the results of this comparison, mostly in the Yukon. The Swan
Hills, Alberta transect was included because it is on land similar
to some of the plateaux of the Mackenzie District, and it is a
transect of four stations with five years of record.

Table 3

Valley—Hilltop Pairs Increase of Annual Precipitation with Elevation

(mm/100m)
Dawson 3.6 mm/100 m
Stewart Crossing 5.7
Haines Junction -11.2
Watson Lake-Transport
Tower * 4.0
Whitehorse-Tagish Tower * 12.8

* Sacramento-type storage gauges.



Table 4

Valley-High Ground Increase of Annual Precipitation (Not Hilltop
Pairs) With Elevation (mm/100m)

Mayo-Elsa 21
Mayo-Keno 16
Dawson-Boundary ) .30
Ross River-Mile 216 Canol Road 30
Sheldon Lake-Mile 216 - 15
Fort Simpson-Tungsten 14
Teslin-Swift River-Cassiar 50
Swan Hills 38

A complete annual precipitation gradient was determined
for the Nahanni National Park (the study has not yet been com-
pleted) . Here, the data were synthesized from a variety of pre-
ciﬁitation, snow course, and hydrometric sources, and adjusted
to common periods of record. The results are shown in Figure 2,
which suggests the elevation/annual total relationship is 33 mm/
100 m between 150 and 1600 m on a windward slope. Regional pre-
cipitation gradients are obviously very difficult to determine.
There is a high variability from storm to storm, and aspect to-
~ward the wind direction at the time of precipitation is important.
Scattered thunderstorms further complicate .the picture on the
short-term as they may miss being gauged, or by passing directly
over the gauge they giye a false impression of the amount of re-

gional precipitation.



For mapping purposes the analyst could not bring himself
to regionalize "average" gradients, and so selected an arbitrary
value of 20 mm/100, knowing that this was a typical value experienc-
ed throughout the region. To rationalize precipitation data iﬁ
rugged terrain is a fascinating experience which has attracted
research in most mountainous countries of the world. A number of
interesting papers were given at the World Meteoroloéical Organ-
ization - International-Hydrological Decade Symposium at Geilo,
Norway, in 1972. Interested persons should consult the Proceedings
(WMO No. 326) or papers by Dickison (1970); Curry and Mann (1965);
Eley et al (1961); Hamilton (1954).

As with temperature, a standard elevation value of mean
annual precipitation was established from the records of long~-term
climatological stations. The mean annual total precipitation for
each station with 1941-70 normals was adjusted to sea-level by
subtracting 20 mm per 100 m of elevation for each station. These
standard elevation values were then plotted on a map and analysed
for possible coherent patterns (Map 5). It may be noted that while
precipitation was adjusted to sea-level, temperatures were stratified
at 500 m. This represents simply an idiosyncrasy resulting from
the work being done at differeﬁt times.

In the Yukon Territory a very dry area appears directly
northeast of the St. Elias Mountains, including stations from
Whitehorse to Haines Junction. Precipitation is a little greater

to the north of this band, and it graduallyvis increased to the



east reaching a high value at Watson Lake. In the Northwest
Territories portion of the study area, the highest precipitation
value found is in the southwest corner, on the basis of the Fort
Nelson record. The stations along the shores.of Great Slave Lake
and Fort Providence, have low mean annual precipitation values for
reasons explained in Chapter 3.

Precipitation in the North is distributed unevenly through
the year, with a high peak in the summer months. This distribution,
which is to the advantage of agriculture, varies considerably in its
amplitude from place to place. It was assumed for the area surround-
ing each long-termclimatological station, that the distribution of
precipitation over the year is the same as that recorded at the
station. The only exception to this general rule, was the pre-
cipitation distribution over the summer and fall along the south
shore of Great Slave Lake. In that area, there is a fall maximum
due to snow showers in cold air-flow off the lake. Based on studies
of the patterns of lake-effect snowfall it seems the heavy pre-
cipitation zonedoes not extend further than a few kilometres in-
land from the lake. Where terrain is accentuated near the water
body especially heavy falls occur (Wiggin 1950, Webb and Phillips

1973, Henry 1965).

4.4 ESTIMATION OF AGROCLIMATE PARAMETERS

4.4.1 Growing Degree-Days




Attempts to estimate average growing degree-day accumu-
lations directly from transect temperature data were frustrated
by the difficulty in regionalizing elevation-temperature gradients.
The problem was compounded by the need to estimate accumulations
at some stations prior to and after the field measurement seasons
(June 1 - Sept. 30). An alternate method was adqpted wherein a
relationship was established for long-term regular meteorological
stations, the field season mean temperature and the cumulative
growing season degree-days.

In order to use long-term records to represent normal
conditions and to smooth small variations, the most recent standard
30-year normal temperatures were used (1941-70 Normals; Temperature
AES 1973). The fullest list of average growing season growing
degree-days covers the period 1950-59 (Boughner, 1964). Comparison
with recent longer-term data lists indicated good agreement. In
order to use records from the latitudes of interest, the four-
month mean temperature was plotted against growing season total
of growing degree-days for all Canadian stations between latitudes
58° and 650, (Table 5). The resulting graphical relation is shown
in Figure 3. The maximum deviation of points from the line is 50 GDD
(C) units or about one-quarter of the range of a class in the scheme
used for land capability classification. Within the range of
temperatures in the Yukon and N.W.T. this relation provides sat-
isfactory estimates of all the appropriate growing degree-day

classification groupings.



Table 5

List of Yukon, Northwest Territories and far northern provincial
weather stations used to compare annual growing degree-day accum-

ulation to June

1 - September 30 normal mean temperature (all

stations in Canada between latitudes 58 and 65 N').

Aishihik
Dawson

Mayo

Snag

Teslin
Watson Lake
Whitehorse
Coral Harbour
Ennadai Lake
Fort Resolution
Fort Simpson

*south of 580N

Fort Good Hope
Fort Providence
Fort Reliance
Frobisher Bay

Hay River

Norman Wells
Nottingham Island
Resolution Island
Yellowknife

Fort Smith
Aklavik

Dease Lake

Fort Nelson
Smith River
Embarras

Fort Vermilion CDA
Brochet
Churchill

Fort Chimo

Port Harrison
(Inoucdjouac)
(Fort McMurray) *

This relation was tested further by plotting a selected

set of British Columbia and Alberta stations (Table 6). The set

was selected to show a wide range of mean temperatures and geo-

graphic regions, including the British Columbia coast and interior,

and places on the plains of Alberta.

This set extends into a

higher temperature range than the northern stations. There was

a significantly greater spread of growing degree-day (GDD) means

from the line of best fit to the points, than was found with the

northern stations alone.

The only consistent deviation was at the

Pacific coastal points, where a large number of days with mean

temperature a few degrees above 5.6° (420F) gave higher GDD totals

for each June to September mean temperature.



Table 6

List of British Columbia and Alberta stations used to test growing
degree-day graphical relation derived from northern weather station
records:

British Columbia Alberta
Agassiz . Banff
Cranbrook Beaverlodge
Fort Nelson Coronation
Kamloops Edmonton

~ Nanaimo Embarras
0ld Glory Mountain Fort Vermilion
Port Hardy Jagper
Prince George - Lethbridge
Prince Rupert McMurray
Revelstoke Medicine Hat
Smithers Red Deer

Wagner

4.4.2 Frost-free Season

A review of the record of the observation networks of
1975 and 1976 shows that the length of the frost-free season
varied widely between stations situated close together, but on
different topographic forms. If the first-fall frost occurred
on a quiet night in a newly-arrived cold air-mass, the air drain-
age of each site determined the minimum temperature at the site.
On such nights it was found that the minimum at the valley floor
was 8 to lOoC cooler than on a knoll top 150 m above the valley
floor. It was also found from the record of these two seasons
that the day of lastwspring frost or first-fall frost was the
same for several stations in an.area, which on the average have
different minimum temperatures and thus can be expected to have

different average last-spring or first-fall frost dates. This is



the effect of a significant cold airemass moving into an area
quickly, causing a one-day shift to considerably cooler temper-
atures. Because this is the normal pattern of each year's occurr-
ence of last=-spring and first-fall frost dates, a review of the
patterns of the two seasons in order to project long-term conditions
over a region or locality is a complex procedure and the conclusions
may be misleading.

Frost dates are highly variable within short distances
due to the topographical effects on climate (Chapter 3). However,
in order to assess local effects in the mapping, an analysing
method by which stable long-term data and the transect measurements
could be integrated was adopted. The method was to determine the
normal mean daily minimum temperature which corresponded to the
average frost date for each station. The derived "indicator"
temperatures could be mapped and the frost-free period deduced for
any area within scale limitations of the mapping. The two-year
recoxrd from the transect stations was adjusted to long—-term and
used for guidance. This is essentially the method employed by
Chapman and Brown (1966) for southern Canada.

To apply this method to the present project, a smoothed
curve of mean minimum temperature was drawvn from the averaged
monthly values of mean daily minimum temperature in the 1941-70
normals, for all stations with such normals in the Yukon, western
Northwest Territories, and a few northern stations in Alberta and

British Columbia. Figure 4 illustrates an example of the procedure.



The mean minimum temperatures on the dates of last-spring and first-
fall frost were taken from the curve for each station and plotted:on
a map (Map 6) of the region. (Dates of last-spring and first-fall
frost from Hemmerick and Kendall, 1972).

The temperatures plotted on this map are regional values
of the mean daily minimum temperature on the dates of last-spring
frost and first-fall frost. Most of the differences between the
plotted points within the map area can be explained in terms of
local topographic effects and the influence of air-masses. The
highest values of the plotted frost date indicator temperatures
occur in the upper Mackenzie River Valley and northern Albérta.
This is a region where, during spring and fall, there are periods
of cold temperatures in a season of generally mild weather. These
low temperature spells occur when Arctic air-masses push sputh up
the broad Mackenzie River Valley. Frost often oc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>