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Introduction 

Climate is a complicated process affecting every aspect of forest ecosystem 
dynamics including species diversity, dispersal, composition, structure, productivity and 
longevity. Climate, or more precisely, weather, affects logistics and economics of 
forestry activities. Conversely, constant changes in forests, including those caused by 
forest practices, modify surface climate at many temporal and spatial scales. This paper 
briefly discusses aspects of the global warming debate and highlights some of the climate 
and weather effects on forestry and forest operations in Newfoundland and Labrador. 
 
Climatic Change 

Climate is always changing. Over geological time-scales (10 million years) 
progressive uplift of plateau and mountains affect global atmospheric circulation patterns, 
such as diverting the jet stream, thus amplifying summer heat and winter cooling which 
causes changes in biota. For example, because of uplift, the Late Cenozoic climate was 
characterized by drier summers and winters which caused regional shifts from forest to 
grassland in the plains of central Asia; from arid to semi-arid grasslands along the Pacific 
coast and from woodlands to grassland on the Great Plains of North America. By 
comparison, at much shorter time-scales (minutes to decades), changes in the forest 
microclimate may be abrupt due to fires, logging, wind storms, etc.; or gradual due to 
urban forestry and agricultural development, encroachment by summer cabins and 
pollution damage from burning of fossil fuels. 

There is, therefore, justifiable concern that human activities, particularly 
deforestation, may be the cause of an unprecedented rate of global warming. Certainly, 
there is no doubt that we have the capacity to alter the global climate; or, as Shuttleworth 
(1991) put it:  
 

Human ingenuity and ambition is currently such that we can change the character 
and use of even large areas of the Earth’s surface with comparative ease. 
Moreover, the pace of human creation and procreation is now so great that our 
rate of intervention in natural systems, whether by accident or by design, exceeds 
our ability to predict its consequence precisely. 

  
For climatic change to be an urgent problem, a cumulative production of 1,500 

gigatonnes (Ct) of carbon would be required by the year 2050. Scientists estimate that 
during the past 100 years that 75 Ct of carbon have been released into the atmosphere by 
forest clearing (about 30 Ct from industrialized countries in North America, Eurasia, 
Australia and New Zealand). Therefore, the contribution by terrestrial biomass to 
atmospheric CO2 is small compared to the 1,500 Gt. So, if 1,500 Gt of carbon is to be 
reached, it would have to come from burning fossil fuels. Not an attractive option! 

As to the effectiveness of planting forests to sequester CO2, it is not as simple as it 
appears. For example, with a longer growing season means a longer period of 
photosynthesis and respiration may actually result in a overall net decrease in the absorption of 
CO2 by the boreal forest.  



 

It has been estimated that 140 Ct of C02 have been emitted into the atmosphere by 
fossil fuel combustion - with 80% emitted by ‘industrialized’ countries. Adding this to 
the 540 Ct of economically available stocks of fuel - mainly oil and gas; plus a maximum 
contribution from biomass of 240 Ct of C02, it would only amount to 61% of the 1,500 
Ct.  

With regards to coal, constraints on international trade and technical infeasibility 
of large-scale exploitation make it impossible for coal to contribute significantly to a 
doubling of C02 over the next 100 years. The prospects for increased reliance on safer 
nuclear energy sources and energy conservation, plus the capability of the oceans for 
absorbing C02 (between 30-40%), and rejuvenating terrestrial ecosystems (10-20%), will 
inevitably reduce and/or recycle atmospheric C02 emissions or, as recently proposed for 
the Alberta oil sands project,  deposit emissions under ground.  

Accepting the view that there is a rise in the average global temperature, warming 
will not be evenly distributed as some areas can expect a cooling - a necessary function of 
atmospheric circulation. The effects of an El Nino, which apparently gave warm weather 
to western North America while giving cold snowy weather to the eastern parts of the 
continent during the winter of 1991 - 1992, is an example of regional shifts in weather 
patterns due to short-term climatic change. On the flip side, in the winter of 1007-08, La 
Nino’s cold sea surface has brought record snow falls and much colder weather to many 
regions that are not used to it. Over a longer time frame, a drop in the alpine tree line in 
the mountains of Scandinavia is attributed to a cooling trend of 2°C during the past 2,000 
years; while the decline of the hardwood forests in eastern Canada is attributed in large 
part to a warming trend, and not to air pollution as is commonly believed. 

Some sophisticated computer models which attempt to describe the behaviour of 
the Earth’s atmosphere; i.e., General Circulation Models (GCM’s), predict that a global 
warming trend over the next 100 years will be most evident in the Arctic. However, there 
is an observed cooling trend and expansion of alpine glaciers in that region. This apparent 
contradiction arises because of major defects of GCM’s; that is, they cannot deal with the 
thermostatic effects of the hydrologic cycle primarily because global cloud cover has 
only recently been recorded by satellites. 

Paradoxically, C02-induced warming is supposed to cause a three-fold increase in 
surface evaporation which should actually cool Earth. This is because most of the solar 
radiation absorbed by the surface re-enters the atmosphere by evaporation. Sensible heat, 
on the other hand, leaves the ground and, by reacting with carbon dioxide, ozone and 
other greenhouse gasses, warms the atmosphere directly. Globally, however, sensible 
heat is only about one third of the energy re-entering the atmosphere. Incidentally, on 
very hot days modern, closed-system greenhouses raise the humidity levels, and water the 
outside skin to cool the interior; hence, the term ‘greenhouse effect’. Since the 
atmosphere is cooled mainly by evaporation, and not by outgoing infrared radiation lost 
to space, the hydrologic cycle tends to work in opposition to greenhouse gas emissions. A 
comparatively miniature example of cloud generation can be observed at the Holyrood 
power generation plant, and the pulp mills at Grand Falls, Corner Brook and 
Stephenville, and of course the thousands of wood burning stoves where the greenhouse 
gas emissionis from chimneys produces a band of clouds that coincides with the paths of 
emission plumes with high concentrations of C02. C02 acts as condensation nuclei which 
enhances cloud formation that increases albedo (i.e. the top of the clouds intercepts solar 



 

radiation, absorbs some of it, lets a small portion pass to the ground, and re-radiates the 
rest back to space). By the same token, much of the radiation emitted from the ground is 
trapped by the clouds and some of it is re-radiated back to the ground. Forest canopies 
behave much the same way, except they have a lower albedo (i.e., they absorb more 
radiation). While some forest types will thrive under a substantial global warming (say 3-
5 °C) over the next 50-100 years, a slight cooling in the order of 0.5°C over the same 
period, will increase stress on forests. So, for policies and strategies that deal with forest 
management in a changing climate, there is a good case for giving equal, if not more, 
attention to the potentially greater losses resulting from a slight cooling trend than the 
benefits which may accrue from a substantial warming trend. 

As far as the effect of increased atmospheric C02 on forests is concerned, the 
current level of 340 ppm is considered to be suboptimal in terms of biomass 
accumulation, including forest growth. In fact, higher concentrations of CO2 are actually 
beneficial to forest trees because they give them greater resilience to environmental 
stresses such as drought, high temperatures and low light intensity and air pollutants. 

From a Newfoundland forestry perspective, the most important feature of the 
climatic change is the potential shift in a climatic divide, the so-called ‘Arctic front’ or 
‘jet stream’ which has influenced boreal forest migration patterns and species 
compositions across Canada since deglaciation. The Arctic Front represents an 
approximate boundary between polar and southern air masses. The average position of 
the ‘Arctic Front’ in winter roughly coincides with the southern boundary of the boreal 
forest; and in summer its northern boundary of the sub Arctic tree-line. However, cooling 
and warming trends in the Atlantic Ocean, particularly the influence of El Nino and La 
Nino which lag behind those on the continent, tend to obscure the boundary between 
polar and southern air masses in eastern Canada, especially in central Labrador. This 
means that forest response to climatic change is less predictable, especially where shrub 
layers would tend to move independently of the tree layer. Also, while pundits predict a 
northward shift of the boreal forest due to global warming, there has been an expansion 
of the tundra southwards in Labrador-Ungava since the 1950s. This is due to an increase 
in the number and size in fires in region.  Also, exposure of soil and plants to wind, 
compounded by the lack of snow cover in winter and surface droughts in summer, has 
retarded re-colonization by forests in Labrador much the same way as on the barrens of 
Newfoundland. 

GCM’s also predict an increase in surface wind speeds over the oceans and 
decrease average wind speed on the eastern seaboard of North America (Figure 10-1) 
under a scenario of doubled C02 resulting in global warming. If so, the mean summer 
position of the Arctic Front may be more clearly defined as storms track further off-shore 
and, hence, produce a sharply defined and predictable sub-Arctic tree line in Labrador.   

  And while the forests in Newfoundland may experience less windiness 
generally, and perhaps fewer storms, the intensity of storms will be more violent. Under 
these conditions the forests and plantations, becoming taller but less adapted to wind, will 
be susceptible to wind throw. But these are only predictions based on computer models, 
and not observed phenomena. In any case, assuming the main storm track will shift 
further off-shore, we must also assume appropriate adaptations will occur in forests in 
response to climatic change as they have done in the past. 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Direction of storm tracks around the world. Top: actual storm tracks for th period of 
December - March 1985. Bottom: Prediction model of storm tracks under a CO2 
doubling scenario. (Source: David Rind, Goddard Institute of Space Studies, New York). 



 

Forests 
Forest covers 62.1% of Newfoundland and 79.6% of Labrador below latitude 56°N 
(Table 10-1). At the time of early European settlement much of what is now shrub barren 
around coastal Newfoundland and parts of southern Labrador were forested. But, 
extensive uncontrolled cutting and fires combined with the harsh climate have rendered 
many a coastal area into barrens. The destruction of the coastal forest began with the 
early European settlers. As far back as 1623, Richard Whitbourne complained: 
 

For it is most certain that our Nation, upon their arrival yeerley to that Countrey, 
Forest In  Changing Climatedoe cut downe many of the best trees they can finde, 
to build their cottages and roomes withall, for their then necessary occasions; 
herring, rinding destroying many others, that grow within a mile of the sea, where 
they used to fish.  

 
In areas, where the climate is not as harsh, controlled cutting of the forest has 

some beneficial effects. For example, opening up the forest to light, wind, and 
precipitation breaks down the thick mantle of humus and releases nutrients and en-
courages biodiversity of plants and animals. 

Fire is a necessary part in the ecological cycle in rejuvenating black spruce 
forests. Lightning is a natural cause of fire. However, it is generally agreed that humans, 
first the natives and then by the Europeans, started most of the forest fires deliberately or 
accidentally (along the railway for example). During the last few decades the proportion 
of black spruce forest seems to be declining; firstly, because the increased exposure to 
wind has transformed forested areas into shrub (kalmia) barrens; and secondly, by 
effective fire suppression in productive forest areas which tends to favour less 
commercially valuable tree species such as balsam ir and “weed” tree species such as 
birch, alder and aspen.  
  Human activities combined with climate can in-luce unusual patterns of forest 
landscapes. For example, logging practices in the Hawkes Bay area in the 1950s using a 
tractor and sled, known locally as the ‘weasel’ changed the microclimate a few 
centimetres above and below the soil surface to produce an unusual array of alternative 
strips of white birch and balsam fir. The birch occupied the rills and ridges left by the 
disturbance of the weasel tracks. These upturned mineral soils. Re-worked by rain, sun 
baking and soil frost action, favoured birch colonization. By contrast, on sites not 
disturbed by the weasel, the humus layer with a mantle of moss and soil seed bank of fir 
seed was more or less intact and favoured balsam fir regeneration.  



 

 

Extracting timber with a ‘Weasel’ in the 1950’s produced alternate strips of birch and balsam fir; 
whereby, the birch colonized the mineral soils exposed by the tracks of the Weasel while balsam fir 
naturally regenerated  the undisturbed humus layer between the extraction tracks.  



 

Scales of Forest Climates 
 Forests are master integrators of the environment and reflect broad regional and 
local variations in climate and weather. For simplicity, a forest climate can be classified 
into four levels;- 

Macro-climate representing the Island of Newfoundland and Labrador as two 
distinct climatic regions; 
meso-climate, i.e, reasonably distinctive forest regions, such the Avalon 
Peninsula, central Newfoundland, south and southwest coasts, respectively, the 
Northern Peninsula of Newfoundland, and south and central Labrador (there is 
little forest beyond latitude 56 N); 
mini-climate such as a patch of trees on a barren, a forest gap, tuckamore, a 
solitary tree, a  soil surface with or without humus and/plants; 
ultramicro-climate of a tree crown, branches, shoots, leaves, cones, fine roots. 

  

a = temperature (°C) span (extreme maximum minus extreme minimum; b = total 
annual precipitation, mm; c = annual rainfall, mm; d = annual snowfall, cm; e = 
average annual wind speed, km/hr 



 

The forest climate in Newfoundland has less extremes of temperature and 
precipitation than in Labrador. For this reason the Province has a distinctive oceanic-
boreal forest biome. The insular climate produces a rich blend of forest ecosystems with 
subarctic and north-temperate plant species. In the warmer climates of sheltered valleys 
of south and south-western Newfoundland there are vestiges of the northern hardwood 
forest represented by yellow birch. Typical white birch is actually less cormmon across 
Newfoundland than the many intermediates of mountain paper birch (Betula cordifolia—
a hybrid between white and yellow birch). The influence of climate on the distribution 
and variability of white birch and mountain paper birch have yet to be determined. 
However, the most distinctive of forms of the mountain paper birch (recognizable by the 
grey bark) are more frequently found in the harsh climate of the coast and upland 
plateaux.  

Similarly, the bracted fir (Abies x phanerolepis), a post-glacial hybrid between 
Fraser fir (Abies fraserii) which is found at higher elevations in the subalpine forest of the 
Adirondacks in New England and Baslam fir (Abies balsamea), appears to be a genetic 
adaptation to windy coastal sites around Newfoundland and perhaps southern Labrador. 
White pine (Pinus strobus) once a majestic timber tree throughout Newfoundland, 
reaches its northern limit near Trout River, Gros Morne National Park - presumably 
because the average summer temperature northwards prevents seeds maturation and, 
hence, limits range extension. 

In Labrador, most of the forests in the sheltered inland river basins are spruce and 
fir; although there are a few areas with aspen and birch forest. Towards the tree line the 
forest grades into open woodland with carpets of lichen (reindeer moss) and eventually 
thickets of dwarf birch and willows. The most northerly forest in Labrador is at about 
57’50’. In many areas of Labrador the summers are too short to allow seed development 
in forest. So, as an adaptation to cold climates, the forests regenerate by layering, i.e., 
where roots are set from branches partially or wholly buried in the top layer of the soil. 
Gradually, as a forest gains height it collects and stores more heat; thus they create a 
summer microclimate that enables viable seed production and, in theory at least, allows 
faster migration over larger areas. A genetic adaptation to microclimatic change is 
implicit in the transition from layer-regenerating tuckamore (scrub forest) to seed-
regenerating tall forest. In other words, in particularly cold, windy areas on bogs and 
barrens, layered tuckamore is usually descended from a single ancestor (i.e., clonal); 
whereas, seed-regenerated forests, have mixed ancestry (i.e., genetically diverse) because 
of the mixing of genotypes during wind dispersal of seeds. Among the many places 
throughout the Province to observe and compare these two distinctive climatic 
adaptations is the layered clonal tuckamore at L’anse aux Clair - which does not produce 
seed - and seed-regenerated forests in the sheltered ravines of nearby Pinware River, 
respectively, along the south-eastern shore of Labrador. 

Along the southern shore of Newfoundland the barrens are interspersed with 
subarctic-like tree-lines and expanses of tuckamore. The gaps and leeward edges of the 
tuckamore actually sustain a floristic diversity that is temperate-boreal. This is because 
the winter microclimate in the shelter tuckamore is among the mildest in Canada due to 
the benefits of warm southern air masses that bring rain in mid-winter and the gradual 
release of summer heat stored in the ocean. Unfortunately, although this aids tree survival 
and species diversity, any benefits that trees may get from such advective warming in 



 

winter is cancelled out by the inhibitions on height growth by the effects of cold, onshore 
winds in summer. In any case, it is inappropriate to refer to Newfoundland barrens as 
subarctic tundra, although a few at high elevations may indeed have climatic conditions 
and elements of subarctic flora (e.g., on the Hawke Hills near Holyrood). 
 
Energy Cascade 
The energy cascade describes the way in which solar radiation is dissipated as it flows 
through a forest ecosystem. To estimate how energy from the sun is partitioned into other 
forms of energy in forest-atmosphere interaction we measure the energy balance of the 
system. The energy balance (net radiation) is composed of latent heat flux (evaporation 
and evapotranspiration), sensible heat flux, soil heat flux, photosynthesis, and energy 
stored as biomass (biochemical energy). 

Besides the energy that is received directly from the sun, there is also the energy 
transported (advected) through an ecosystem via air and water pathways. For example, 
warm, tropical air masses from the south bring brief spells of warm, wet weather in 
midwinter. On a smaller scale, cooling of the air by late ice on large bodies of water such 
as Grand Lake, Deer Lake and Gander Lake and, of course, the ocean, depresses spring 
temperatures by drawing out heat stored in the forest canopy. But lakes and oceans are 
also reservoirs for summer heat that is released gradually in the fall and thus tends to 
delay the onset of winter. 
 
Heat and Vapour 
The energy cascade can vary greatly from day to day depending on the amount of sun, 
cloud cover, wind, precipitation, and soil moisture illustrates how weather affects the 
amount of net radiation received and how it is partitioned over a clear cut area at St. 
Georges. 

 
 
 
Radiation 
Solar radiation reaching the Earth’s atmosphere is short wave. About 20% of it is 
reflected back to outer space by clouds. The rest is absorbed by gases and particles in the 

Energy flux measurements for 2 days St. George’s, Newfoundland hints that a sunny but cooler day has a higher net 
radiation than a cloudy and warmer, cloudy aad rainy  day. Q* = net radiation, Qe = Latent heat of evaporation, Qh 
= sensible heat, Qg = soil heat flux 



 

atmosphere, dispersed as diffuse light and absorbed by the Earth’s surface and biota. The 
amount of solar energy received by Earth is balanced by the long wave radiation emitted 
by the surface plus the short wave radiation reflected back to space by the atmosphere. 

Radiation intercepted by plants is partioned mostly into sensible heat (i.e., the 
heat which we sense) and latent heat, and smaller portions into photosynthetic activity 
and stored as biomass. Radiation is absorbed by plants and soil is transferred back to the 
atmosphere as latent heat by evapotranspiration, and by convection of sensible heat that 
warms the atmosphere. 

Comparing the radiation balance for two days at St. George’s, shows that on a 
clear summer day, the amount of incoming shortwave radiation (KDown) is greater than 
outgoing long wave radiation (Lup), with the excess being stored in soil. Under these 
conditions, the temperature of the air within a few millimetres of the surface of a leaf, 
branch or trunk receiving full sunlight can be as much as 10°C higher than the average air 
temperature. On a cloudy, wet day very little short wave radiation reaches the surface and 
almost none is reflected (Kup). The amount of emitted long wave radiation remains steady 
throughout the day. This suggests there is very little energy transferred between the 
surface and the atmosphere and, therefore, the temperature of the leaf surface is expected 
to be approximately the same as the surrounding air. And without energy transfer, growth 
will cease. 

At night, under clear skies or during the days when the air is colder than the soil, 
outgoing long wave radiation far exceeds incoming short wave radiation. This radiation 
cooling of the soils, plants and near surface air layers, may result in freezing temperatures 
and, hence, frost. But most frost in Newfoundland is not the radiation type but the 
advective type; i.e., transported into the region by cold arctic air masses. 

Compared to grassy fields, forests have the ability to store much more heat in soil, 
roots, boles branches and foliage for a longer period of time; thus reducing outgoing 
radiation and delaying the onset of frost. In fact, with a blanket of snow which also 
prevents heat loss under the forest canopy, it is not unusual for forests soils in 
Newfoundland to have little or no frost for an entire winter. Because the tree canopy 
structure and the benefits of an insulating blanket of snow, the air temperature within a 
forest during the winter—in all seasons for that matter - is less extreme than in the open. 
This allows a forest ecosystem to survive extremely cold winters better than if there were 
no protective snow cover. The reasons is that, on sunny winter days warm enough to 
permit heating within the foliage, combined with strong drying winds, evergreen foliage, 
especially foliage damaged by ice abrasion, will transpire moisture. In a frost-free soil, 
under a snow blanket, the trees can draw enough moisture to compensate for the loss. In 
soils with deep frost, there is not enough moisture available to compensate for that lost by 
transpiration and so the foliage dries out and turns brown—which we recognize as winter 
burn. 

During photosynthetic activity, foliage absorbs a very narrow range of the solar 
radiation spectrum called the photosynthetically active radiation (PAR), i.e., wavelengths 
between 400-700 nm. Also, the quantity and quality of light absorption by a tree depends 
on the day length, time of day, cloud cover, and aspect of the trees’ position within a 
forest canopy. In addition, the efficiency of radiation absorption also depends on the 
species of tree, its age and structure in relation to many environmental factors such as 
nutrients, water, wind, air and soil temperatures. 



 

Under experimental conditions, the upper limit of conversion of the total 
intercepted PAR by a tree is about 6%. While this does not seem like much, it translates 
into a plant productivity far in excess of what is actually achieved in nature. In New-
foundland, for example, the annual growth accumulation of commercial spruce and fir 
forests ranges from 1-2 tonnes per hectare per year (logs only). This is small compared to 
the 20-25 tonne per hectare per year (trunks plus branches) obtained in experimental plots 
of willow at Pasadena. Converted into energy units willows are thus capable of producing 
1.6 g MJ-1 which is the kind of productivity more typical in a warm temperate climate 
than in the boreal region. Experiments with fast-growing willows indicates that even in 
our cool, windy climate there is an abundance of energy that can be harnessed more 
efficiently by manipulating the architecture of forest canopies. In fact, to increase short-
term productivity certain silvicultural operations, such as pre-commercial thinning of 
balsam fir stands, attempt to do just that. But, of course, in spacing between trees, there is 
a fine balance between too much exposure to damaging wind, which extracts energy, and 
opening the forest just enough to capture more solar radiation.  

Willow clonal trials in western Newfoundland. Willow clones on the left were coppiced the previous 
fall and the new growth is about 6-7 weeks old. On the right is a stand of several willow clones in 
their second season which are about half the height of the 40+ year old native birch and balsam fir. 
Along the top on the other side of the fence are alders along the stream.  



 

 
 
 
Turbulence 

Unlike heat and vapour, which are physical entities, turbulence is a descriptive 
term which defies a precise mathematical definition. Damage and growth inhibition by 
wind falls within the spectrum of turbulence effects and is dealt with in a separate 
section. This section will concentrate primarily on turbulence in the context of air flow 
within a forest. 

Airflow within and above a forest is almost always turbulent due to the constant 
creation of eddies generated by heat transfer (convection) from plants and soil surfaces 
and mechanical friction between the trees and atmosphere. 

To our senses, turbulence in a forest ranges from the imperceptible movement of 
air which we sense through slight changes in skin temperature to the violent gusts that we 
hear roaring in the tree tops. Certain recognizable patterns of turbulence have been given 
colloquial names: for example, downward gusts of wind, called ‘cat’s paws’, flitting 
across open water on a gusty day. Similarly, ‘Honami’ downward gusts are recognized by 
the waving grass across a lawn or meadow. There are “jets’ which form on the crest of 
hills (the so-called separation zone) as when a strong upslope wind combines with a 
horizontal streamline wind and rolls over the downwind side of hills to create ‘lee 
vortices’ also called ‘rotors’. There are also ‘longitudinal helical roll vortices’, similar to 
the Rayleigh-Benard convection well-known to physics, that create the parallel cloud 
bands in the sky and the streaks of foam ‘Langmuir streaks’ commonly seen on lakes. 
These form when air is ‘wind-rowed’ into bands when cool prevailing surface winds are 
heated by convection from a warmer surface. Similarly, there are ‘ocean breezes’ and 
‘mountain winds’ which change direction in rhythm with the daily heating and cooling of 
the surface. 

Turbulence plays a major role in forestry in many ways. At the micro-scales, trees 
have evolved special adaptations which promote certain patterns of turbulence such as the 
arrangement and shape of cones scales to increase the capture of pollen from the air. 
Also, northern coniferous species produce stiff, compact needles that are designed to 
break up streamlined wind flow in order to create a more favourable micro-climate and 
remove excess moisture. From a forestry operations standpoint, the safe and effective 

An example of the extraordinary yield of Salix clones in a nursery in western Newfoundland. L-R One yr old Bowle’s 
hybrid, “ yr old Salix daphnoides, a 2 and 1 yr old Salix viminalis, and the yields of 5 other clones.  



 

application of herbicides, insecticides and fire retardants depends on the scale of 
turbulence; as does the intensity and spread of forest fires. The distribution and 
deposition of fog, rain, freezing rain and snow in forests is also a function of turbulence. 
 
Wind and Trees 

Of all the climatic factors that affect forest growth in Newfoundland, wind effect 
on forests is the most obvious. In fact, wind, as a continuous disturbance feature, not only 
sets the upper limit of forest growth but also the pattern and spatial distribution in 
forested landscapes (Robertson 1991). 

Wind acts on trees in direct and indirect ways. In summer the cooling effect of 
wind lowers net photosynthesis and reduces maturation of leaves and makes them more 
susceptible to winter desiccation (winter burn). Forests also have to endure the 
mechanical effects of shaking by wind which disturbs roots and retards shoot growth; 
also, wind, laden with ice crystals, wet snow, fog, freezing rain and rime-ice damages 
foliage and strips off young shoots and branches, especially when trees are crusted with 
wet snow and/or freezing rain. In coastal areas, forests must also endure the additional 
stress of wind-driven salt-spray and sand. 

In Newfoundland and coastal Labrador, wind is a much more dominant factor 
than temperature in restricting forest growth; whereas, in the interior of Labrador, it is 
temperature rather than wind. Cool, humid winds blowing northward off the ocean is 
responsible for the tundra-like vegetation that dominates much of the south coast and 
central plateaux of Newfoundland. Patterns of tundra throughout the province emphasize 
the importance of wind erosion of soil including freeze-thawing due to snow 
redistribution by wind. 

Outliers of forest patches and tuckamore on the barrens generally persist because 
of protection from wind. In harsh, windy conditions forests develop streamlined shapes 
which include elongated, wedge-shaped ‘hedges’, snow barriers of ‘ribbons’ and ‘lenses’, 
and. of course the ‘carpets’ of spruce. 

Characteristically, wind-shaped balsam fir tuckamore has an impenetrable mass of 
short, stout, and rather gnarled trunks. The top of the canopy is smooth and the crown is 
very compact with thick short branches carrying a dense foliage of short, closely spaced 
needles; the main root mass is also thickened, copious and partially exposed above a 
thick mantle of humus. On the windward margins, individual trees curve upwards away 
from the windward thus diverting wind flow into streamlines above the canopy.In this 
way, the tuckamore has a modified wind-proof microclimate within its canopy and along 
the downwind edges which enables our Newfoundland tuckamore ecosystems to grow on 
some of the windiest si 

 
 
 
 
 
 
 



 

At the other extreme, commercial fir forests growing in a warm, sheltered area 
tends to have trees that are tall, and have slender boles, a sparse crown with fewer 
branches, larger, more widely spaced, and fewer needles; the root mass is also less dense, 
the main roots generally slender and not exposed above the soil. 
Measurements of the relative streamlined forest and tree profiles can be used to estimate 
average prevailing wind flow patterns, especially in hilly terrain and/or remote regions 
where there is no wind data. Examples on the use of trees to map surface wind flow is 
contained in the article on living windbreaks elsewhere in this publication. 

In terms of abrupt climatic changes, wind plays a major role in forest succession. 
For example, there are extensive barrens in Newfoundland created by fires started along 
the railway in which the forest was burned and replaced by shrubs and heath as a result of 
dramatic changes in the microclimate. Similarly, dear cutting on certain sites has changed 
the microclimate in a way that favours regeneration by kalmia shrubs at the expense of 
tree seedlings. In both these cases exposure to cool, humid wind has been a major factor 
that tended to favour shrubs at the expense of forest regeneration. By contrast, in the 
more sheltered warmer ravines and river basins, such as western Newfoundland, the 
abundant moisture and mild summers tends to promote a high level of natural balsam fir 
regeneration in productive forest zones; so much in fact that pre-commercial thinning is 
considered essential to speed up pulpwood crop growth.  

Most, if not all major storms tracking across the continent and up the eastern 
seaboard and passes through Newfoundland. Since the majority of storms come in winter 
when the ground is frozen they do not cause major wind throw in forests. Besides, the 
forests of Newfoundland are adapted to strong winds to the extent that summer storms 
usually do not cause extensive wind throw except in stands that are killed or weakened by 
fire, insects and diseases. Normally, storms cause some endemic wind throw limited to a 
few trees that have died in the competitive process within the stand, plus dislodging of 
broken branches and twigs, old needles (of conifers), and bark Endemic wind throw is a 
natural and important carbon and recycling process and should not looked upon as 
damage per se. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Apart from natural causes, wind throw only becomes a problem when the forest 
has been disturbed by harvesting for logs and fuel wood, clearing for power transmission, 
highway corridor, farms and summer cottages. In such cases, trees along the margins of 
newly exposed forest edges suffer crown dieback and subsequent wind throw may 
proceed at the rate of 2-10 m per year. This means that the volume of wind-thrown timber 
in leave strips and patches 2-3 hectares in size, including those left for wildlife habitats 
and stream buffers, amounts to 10-15% per year of the total volume in the stand. Since 
the rate of decline increases with stand age, most of the leave strips and blocks barely last 
a decade or two. Also, some silvicultural practices, such as pre-commercial thinning, 
fertilization, and clonal plantations which promote above-ground growth (bole and 
crown) at the expense of below-ground growth (root mass) are known to increase 
susceptibility to wind throw in the pre-commercial stages of forest development. 

Not all wind throw should be considered harmful. For example, along rivers, 
some wind throw is desirable because it dissipates stream energy, collects gravel and 
forms pools which improve fish habitats and, by chain reaction, rejuvenates biological 
diversity and prevents erosion of banks of stream. 
 
Weather and Forestry 
The amount and duration of precipitation as rain or snow influence the planning and 
scheduling of forestry operations. 

The positive side of wet weather is that it reduces fire hazard and promotes forest 
growth. However, prolonged wet weather is particularly hard on the pulpwood harvesting 
industry since it can render logging roads and off-road extraction routes impassable. Wet 
weather can also increase the incidence of equipment breakdown and accidents, makes 
other operations such as timber scaling and pre-commercial thinning more difficult. In 
short, particularly wet weather drives up the cost of harvesting operations. In most years, 
however, rainfall is evenly distributed throughout the summer and fall, and, except for the 
occasional heavy rainfall during thunderstorms, forest operations are not affected too 
much by moderately wet weather. Fall and early winter is the worst time for timber 
extraction. During this time of the year roads and extraction routes deteriorate because of 
the water build-up during a time of the year when air and soil temperatures are too low to 
evaporate surface water. The problem is compounded by freeze-thaw periods at the onset 
of winter. 

Winter is one of the better times of the year for building truck roads as the frozen 
ground makes an ideal surface and facilitates harvesting over wet sites. Although the 
relatively mild winters in Newfoundland is more advantageous than the colder winters on 
the continent, the greater depth of snow can be a disadvantage. In western and central 
Newfoundland, it is common to have 1.3-1.7 m of snow on the ground. This increases the 
cost of forestry operations substantially as a tractor, for example, is required to bulldoze 
the snow in order for harvesting equipment to work. These snow depths also restrict all 
manual operations. 
 
Weather and Insects 
Mass migration of insects, such as the spruce budworm, is dependent upon warm air 
masses from the Gulf of Mexico. Moths will seek out these warm upper-air masses 
during the night and will not descend from them until daybreak. If the warm-air masses 



 

arrive early in Newfoundland, when males are active and females are still too heavy with 
eggs, then only males will be drawn up by rising plumes of warm air into the layer of 
warm tropical air mass and be transported horizontally up to 400 km overnight. If, on the 
other hand, the tropical air mass arrives late in the spring, then both females and males 
will be transported. By this mode of air travel, large numbers of moths find their way 
from the Maritime Provinces to Newfoundland. Generally, Newfoundland receives 
mostly male moths which are not destructive to the forest. However, a moderate amount 
of ‘Maritimer’ females added to the indigenous ‘Newfoundlanders’ could, and often do, 
lay enough eggs to start an epidemic. 

As noted above, a natural forest in Newfoundland is usually quite dense and, 
therefore, wind-proof. Because of the low levels of light and little air movement, the 
atmosphere within the coniferous forest is cool and humid and is a barrier to spruce 
budworm larval development because it also allows for insect diseases which cause 
considerable larval mortality. Conversely, pre-commercial thinning and forest edges 
bordering clear cuts change the microclimate by increasing temperature, turbulence and 
evapotranspiration to create a warmer and drier environment which is less conducive to 
insect diseases and therefore larval development progresses at a faster rate and suffers 
less mortality. Furthermore, the average weight of females and the number of eggs they 
can lay is greater in thinned stands; and therefore the population wifi increase faster. 

The balsam woolly aphid, a microscopic insect, has an interesting method for 
wind transport. At the first instar nymph (i.e., soon after it hatches) the tiny insect raises 
itself as high on its hind legs as possible and becomes a thin pancake-like structure and 
acts as a kite. In this position it catches tiny gusts of wind which carry it aloft. Although 
this little kite-like insect is at the mercy of the air current it apparently seems to be 
capable of escaping from the air current and settle where it wants to. Of course, the less 
dense the forest is, the rougher the canopy and the more turbulent the air currents which 
in turn allows the woolly aphid greater mobility. Therefore, the aphid tends to spread 
more quickly in forests disturbed by wind throw, cutting and thinning 

Emergence of the hemlock looper moth is restricted to a few days in September. 
If the nights are warm (10 C), the females fly or crawl up into the tree crown and lay their 
eggs on the foliage (needles). And when the larva hatches the following spring it only has 
to crawl a few centimetres to safely find food. However, if the weather during emergence 
is cool, foggy, and windy most of the moths lay their eggs near the forest floor instead of 
the crown where they are exposed to predation by mites and other organisms. Also, upon 
hatching in spring the larvae must make a treacherous and perhaps ill-fated journey as it 
crawls up the bole in an effort to feed in the crown. Another factor which reduces larval 
survival near the ground is the spores of overwintering fungal diseases which are carried 
to the crown by the larvae in spring which can quickly spread to larva which had hatched 
in the crown and thereby contribute to the collapse of an outbreak. 

A comparative study between Newfoundland and Mainland populations of three 
species of forest insects, to determine their ability to molt at low temperatures, showed 
that the Newfoundland population is able to molt and presumably carry out other 
physiological and morphogenetic activities at 2-5°C below that of their Atlantic cousins. 
This means that Newfoundland populations of insects have adapted to a generally lower 
average temperature. Another example of bioclimatic adaptation is one of the ways in 
which insects may communicate; i.e., by odours called pheromone. For example, the 



 

female releases pheromone to attract a male. Not surprisingly, northern insects produce 
pheromone that vaporizes at much cooler temperatures than pheromone from temperate 
and tropical insects. 
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