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SYNOPSIS 

During the past decade, forests of the Tapanui district have 
been subjected to windthrow and snow damage, causing disruption 
to normal logging operations and clearfelling schedules. The extent 
of Pinus radiata damage is expressed in terms of m.a.i, and it is 
suggested that, when predicting volume yields of this species, the 
m.a.i, be reduced by 10%. The relationship between climatic damage 
and topography, aspect and altitude, is noted. Stands less than 
60 ft mean top height are relatively stable. Marginal trees have 
better developed rooting systems and are more stable than trees 
from the stand interior. Pinus radiata stands thinned immediately 
prior to the most damaging storms were no worse affected than 
those thinned several years previously, but regular thinnings based 
on modern schedules will reduce losses from- snow damage and 
normal gales. 

INTRODUCTION 

In 1963, a study of damage caused by climatic factors to the 
Pinus radiata stands of the Tapanui district was undertaken in an 
attempt to discover if the causes of this damage were preventable 
and to determine the volume of losses to date. 

Owing to inadequate inspection and reporting of damage at 
the time it occurred, it proved difficult to assess losses suffered 
during the early life of the Tapanui district forests. However, it 
is only since large-scale utilization commenced (about 1950), neces
sitating maximum yields, that losses through climatic agencies have 
assumed any management significance. Since then the four older 
forests (Beaumont, Dusky, Conical Hill, and Tapanui) have been 
subject to quite extensive windthrow, and, in the case of Tapanui, 
to snow damage. Evidence of damage during the past decade is 
still present in a form which can be measured — i.e., windthrown 
trees have not yet decomposed, salvaged logs have been tallied, 
and aerial photographs taken in 1953 and 1960 are available for 
comparison. 

Climatic conditions prevailing at the time of windthrow are such 
that high winds striking stands on saturated soils cause uprooting 
and stem breakage on certain sites. A heavy snowfall (15 in. or 
more) may so overburden the tree that either the stem breaks 
or the tree topples — especially when conditions are aggravated by 
coincidental wind and frost. The above climatic factors or combina
tions of factors are well known; not so obvious is the frequency 
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of these storms and the extent to which terrain, aspect, altitude, 
stand height and silvicultural condition, soils, etc., influence P. 
radiata's susceptibility to damage. 

FREQUENCY OF DAMAGING STORMS 

In the last 35 years, heavy snowfalls have been recorded in 
1931, 1944, 1949, and 1961, causing damage to 1925-6 plantings of 
P. radiata in Tapanui Forest on each occasion. Reports from other 
forests indicated less extensive losses. Because of its westerly 
aspect, it appears that Tapanui Forest will suffer severe snow 
damage at least once every decade, whereas in other forests 
damage will be confined to small isolated areas, usually basins 
and ridge tops of north-east aspect — i.e., the drift areas from south
west winds. 

Observations during the last 20 years indicate that P. radiata 
does not become vulnerable to windthrow until a top height of 
60 ft (17 to 19 years of age), and this generally applies to other 
species as well. Therefore, because the bulk of the district's planting 
was done between 1925 and 1928, windthrow could not be expected 
to occur before 1945 and would then be expected to become more 
frequent as top height increased. In fact, the first extensive blow
down occurred at Dusky in 1953 and there was sporadic windthrow 
until 1957-8, when severe gales necessitated large-scale salvage 
operations in Dusky, Conical Hill, and Beaumont Forests. Very 
little timber has blown down since then. Thus, a pattern has 
not yet emerged and the frequency of occurrence of such condi
tions as prevailed in 1957-8 cannot be forecast at this stage. 

EXTENT OF DAMAGE 

During a routine assessment of growing stock on South Beaumont 
in 1963, windthrown trees were measured and recorded. Windthrow 
was of a scattered nature, rarely affecting more than two or three 
trees together and all obviously a result of the 1957-8 gales. Their 
volume when added to standing volume gave gross volume/acre 
and gross annual increment (m.a.i.). 

North Beaumont also suffered considerable damage in 1957-8, 
but windthrow was confined to stands of north-easterly aspect, 
where there was complete devastation of the standing crop. Aerial 
photographs were used to estimate areas of reduced stocking. 
Windthrown and/or snow-damaged volume was then taken as the 
difference between present volume per acre on damaged areas 
and volume per acre on adjacent undamaged areas. 

Owing to its accessibility, most of Tapanui Forest P. radiata 
was salvaged after each storm. Between 1943 and 1963, 650,000 cu. ft 
was salvaged from approximately 400 acres. 

From an area of 1,248 acres a volume of 814,000 cu. ft was salvaged 
from blow-downs in Dusky between 1940 and 1963; this represents 
about 6% m.a.i, to 1963 but does not account for scattered throws 
not salvaged. In compartments 17, 18, and 19, a more detailed 
survey indicated that 10% of the m.a.i, was salvaged and 1% lost 
because the scattered nature of blow-downs made recovery un
economical. 
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FIG. i: Windthrow pattern, compartment 15, Tapanui Forest. 
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Summarizing P. radiata losses in terms of % of m.a.i.: 
North Beaumont 13% 
South Beaumont :. 18% 
Tapanui 12% 
Dusky (6% + 1%) 7% 

Owing to the lack of recorded information, no attempt was made 
to estimate Conical Hill losses. 

STAND AND SITE CHARACTERISTICS INFLUENCING 
CLIMATIC DAMAGE 

1. Terrain and Aspect 

The north-south orientated Blue Mountains channel easterly winds 
down minor gullies on the Tapanui (western) side and south-
westerlies through gullies running north-east in Beaumont Forest. 
Dusky's predominantly easterly or north-easterly aspect is the lee 
face to south-westerly gales. Seepage areas in and at the mouths 
of gullies on these lee slopes are therefore particularly prone to 
windthrow — e.g., Tapanui compartments 10, l l , and 12 and the 
Beaumont headquarters area. Firebreaks, roads, and strips of 
slower growing species orientated in the same direction as the 
wind also appear to act as funnels and damage can be expected 
in the vicinity of a change in direction. Seepage areas within 
the stand are less stable than sites of better drainage. This is 
illustrated by blow-downs on the South Beaumont plateau and com
partments 17 and 18, Dusky Forest. 

The most recent windthrow of any consequence was in the 
winter of 1963 when easterly gales, following heavy rain, flattened 
an area of 22-year-old (mean top height 90 ft) P. radiata at Tapanui 
Forest (see Fig. 1). This stand had been thinned from 350 to 150 
sp.a, in 1961-2, had relatively deep green crowns (average 45 ft), 
and stood on deep fertile soils over alluvial gravel. Undoubtedly, 
the recent thinning had left this stand in no condition to with
stand a gale but, apart from this, examination of the pattern of 
windthrow in relation to terrain and surrounding features indicates 
that the devastation of area A was caused by the funnelling effect 
of the unstocked swamp and that areas B and C were immediately 
to the leeward of an impenetrable block of a thuja/macrocarpa/ 
Lawson cypress mixture which probably caused the wind to lift 
and hit again in the positions indicated. The relative stability of 
a 2 to 3 chain marginal strip is well illustrated in Fig. 1. 

On a broad basis, Tapanui Forest is the most susceptible to 
snow damage, probably because of the tendency for snow to "bank 
up" along this side of the mountains. Local variations of aspect 
within the predominantly western fall cause concentrations of 
snow in drifts immediately in the lee (northern or north-western) 
side of spurs, but all sites suffer to some extent. In this forest, 
compartments 1 and 2 straddle a short steep spur with an altitudinal 
range of 1,100 ft to 1,750 ft running north-west from the main range 
and carrying P. radiata planted in 1925. Because of difficult access, 
no material has been salvaged; thus the influence of both altitude 
and aspect on the degree of snow damage can be shown by 
assessment of the incidence of damaged and undamaged trees. The 
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absence of uprooted trees and high incidence of stem breakage 
indicated that snow rather than wind was responsible for this 
damage. In terms of total basal area of standing trees, damaged 
basal area was as indicated in Table 1. 

Thus the leeward faces suffered more heavily than windward 
slopes (damage was particularly heavy within 2 or 3 chains of 
the spur). 

O Sample plots 

FIG. 2: Compartments 1 and 2, Tapanui Forest, showing area heavily 
damaged by snow on the northern side of a spur running east-west. 
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TABLE 1: BASAL AREA OF DAMAGED TREES AS A PERCENTAGE 
OF TOTAL STANDING BASAL AREA 

Aspect 
South-west North-west 

Total damage .... .... .... 19 47 
Total damage: 

Below 1,500 ft 20.5 50 
Above 1,500 ft 19 40 

Damaged trees with stems broken 
below green crown level .... 9.5 18.5 

2. Altitude 

Altitude has no apparent bearing on susceptibility of stands to 
windthrow. As shown in Table 1 and Fig. 2, an altitudinal range 
of 650 ft made no apparent difference to degree of damage on 
either face, and damage resulting from exceptionally heavy snow
falls is as severe at lower altitudes as at the upper planting levels 
(about 1,800 ft). It is evident, however, from the younger stands 
in Rankleburn Forest that even normal annual snowfalls of a few 
inches will break branches and occasionally flatten trees where 
these are situated on north-easterly slopes and basins and parti
cularly within a few chains of a ridge top. 

3. Stand Characteristics 

(a) Height of Trees 

In this district extensive windthrow has not occurred in stands 
below 60 ft mean top height, although Wendelken (1966) claims 
Eyrewell P. radiata less than 50 ft high to be stable. Jacobs (1939) 
suggests that the trunk, when young, is sufficiently flexible to absorb 
the wind force by bending. However, since trees of the same height 
grown under different conditions have such vastly different bole, 
crown, and root development, total height in itself cannot be a 
true indication of stability. 

Of more value in accessing stability is the ratio of height to 
diameter at breast height. This is dependent upon stocking and 
exposure, increasing with stocking, and decreasing on more exposed 
sites — e.g., stand margins, ridge-tops, shelterbelts. Within a stand 
on uniform topography, stocking determines the degree of exposure 
to which an individual tree is subjected, and, since growth at the 
base of a stem is stimulated by movement (Jacobs, 1936), a tree 
will only become as stable as normal conditions demand. Windthrow 
occurs when abnormal conditions prevail and it is doubtful if 
manipulation of stocking will achieve windfirmness. 
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FIG. 3: Surface root systems of marginal and interior trees. Note the 
greatly increased root size of the marginal tree compared with one from 

the stand interior. 
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(b) Rooting System 

Although the most obvious factor affecting windfirmness, tree 
rooting systems are extremely difficult subjects to study and con
clusions tend to be drawn from root systems of trees already 
uprooted. However, to obtain some comparisons, roots of standing 
trees in 6-, 8-, 10-, 13-, and 22-year-old radiata pine stands were 
surface excavated — i.e., lateral roots to a diameter of VA in. ex
posed, and rooting depth estimated by measuring soil depth. 
Twenty-five trees were examined in this way. 

(i) Distribution: Grouping of laterals in a single vertical plane 
was evident in two of the trees examined. This would obviously 
give rise to instability and was undoubtedly due to poor planting. 
It was not present in older (39-40 years) windthrown trees, sug
gesting that either planting practice had deteriorated or that these 
trees failed at an early age. The general pattern, however, is for 
four or five lateral roots to radiate from the tree at various angles, 
usually with some clumping tendency in certain sectors. In con
trast, natural regeneration appears to have a more even root 
distribution — i.e., lateral roots are separated in a horizontal plane 
by approximately equal angles, an observation supported by Clarke 
(1956). Each lateral root gives off small vertical sinker roots, 
which must have an important bearing on tree stability since it is 
these roots which determine the depth of the root ball and there
fore the volume of material acting as a counter-weight. 

(ii) Rooting Depth: Rooting depth is invariably limited by a sub
stratum of rock, gravel, pug-clay, etc., through which roots do not 
penetrate. The effective rooting depth varies from 18 in. to 32 in. 
and windthrow has occurred on all substrata irrespective of soil 
depth. Where roots meet the substratum, the lower surface of the 
root ball is generally quite smooth and of regular shape, with 
absolutely no cohesion between tree and substratum. 

(iii) Root Length: Very rapid growth in length takes place during 
the first 5 or 6 years after planting, roots attaining an average 
length of 10 ft by this age. In 8 ft X 6 ft plantings this corresponds 
with the age of canopy closure. Thereafter, lateral growth appears 
to slacken off from about 2 ft to a few inches per year (in unthinned 
stands), roots reaching 12 to 13 ft by age 20 and 14 to 16 ft by 38 
years. Following rapid early extension, further root growth is 
concentrated on developing strong sinker roots and fibrous mass 
below and between main laterals, which continue to grow in 
diameter. Root grafting occurs where extending laterals grow 
beneath roots of neighbouring trees and subsequent increase in 
diameter growth results in root grafting at the point of contact. 
Grafting first becomes apparent at about 12 years of age and is 
very common in unthinned stands as compared with those thinned 
prior to root grafting — i.e., earlier than 12 years of age. There is 
no apparent relationship between root length and tree spacing but 
wide spacing promotes diameter growth of root laterals just as 
it does stem growth (see Fig. 3). When uprooted, lateral roots on 
the leeward side snap near the perimeter of the root ball, at a 
distance from the tree which increases with age, from 2 ft at 22 
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prmrv-o Stand margins prior to 1957-58 gales. 
L~uJ (All Ist thinned to 200 s.p.a. 1944-48) 

||l;l;;:g[ A rea .2nd thinned 1954-55 

l v t#J Area 3rd thinned 1955-56 

| ^ 3 i F.R.I, thinning plots (now abandoned) 

Completely wind-thrown area 

Wind-thrown trees,indicating direction of fall 

Scale of Chains 
5 10 15 

Wind-throws in F.R.I. Thinning Plots :-
Plot B1 (Control). Plot A1 Plot B 

1953 418 sp.a. 
Wind-thrown : nil 

1947 mod. heavy 
1950 mod. heavy 
1953 very heavy 
Wind-thrown: 23 

1950 light 
1953 mod. 
Wi nd-thrown; 2 

Plot A 
1947 mod. heavy 
1953 heavy 
Wind-thrown : 1 

COMPTS. 17& 18, DUSKY FOREST 
WIND-THROWS 1957-58, THINNING PRIOR 

TO WIND-THROW , & TOPOGRAPHY. 

FIG. 4: Windthrow resulting from 1957-8 g 



years to 4 or 5 ft at 38 years. Lateral roots on the windward side 
merely pull out of the ground. Thus, where there is little cohesion 
between roots and substratum, the compressive strength of leeward 
laterals must have an important bearing on tree stability and 
certainly trees on the edge of a stand are better equipped in this 
regard than less exposed trees within the stand. 

(iv) Silvicultural Condition: Examination of F.R.I, thinning plots 
in the district showed that windthrow was more severe in thinned 
than unthinned plots but that there was no relationship between 
time of thinning and degree of windthrow; this latter point is 
emphasized by thinning windthrow patterns in compartments 17 
and 18 Dusky Forest as shown in Fig. 4. Windthrown trees are here 
represented as arrows pointing in the direction in which each tree 
fell and are approximately to scale. Plot Bl (unthinned control) 
escaped unscathed while the neighbouring plot Al (heavily thinned 
4 years before windthrow occurred) lost 23 trees. However, the 
windthrown portion of Al lies on a damp depression extending 
out into an adjacent windthrown area (hatched) and the elevated 
portion of this plot suffered no damage. This, together with the 
degree of windthrow in stands that had received second and third 
thinnings, compared with those thinned only once, leads to the 
conclusion that topography is primarily responsible. The boundary 
between the windthrown and undamaged stand skirts around Plot 
Bl, even though the north-west corner is rather swampy, indicating 
that unthinned stands of this age are relatively stable. 

In Tapanui Forest, breakage caused by snow, though more severe 
on certain sites, was randomly distributed within any one stand. 
Data recorded from 16 permanent sample plots proved that domin
ants suffered stem breakage as frequently as did sub-dominants, co
dominants, and malformed trees. An interesting feature, which 
emerged from plotting height (to broken top) against D.B.H.O.B. 
for 250 damaged trees, was that the resulting graph closely approxi
mates the 8in. D.I.B./D.B.H.O.B. relationship (see Fig. 5). Thus, 
the smaller sub-dominants with lowermost green branches at or 
above this level died. Trees which retained two or more green 
whorls are still growing satisfactorily. If current silvicultural 
schedules are adhered to, the green crown will in the future be 
considerably lower than this at the same age and hence mortality 
from snow damage should be considerably reduced in post-1950 
plantings. 

SIGNIFICANCE TO MANAGEMENT 

1. Siting Pinus radiata 

Although sites on which P. radiata is potentially susceptible to 
windthrow can readily be delineated before planting, these are 
invariably small in extent and impracticable as separate manage
ment units. A more sensible policy is to accept the fact that these 
areas are prone to windthrow during the second half of the rotation 
and provide for extraction of salvagable material by a gang speci
fically equipped for this purpose. As far as possible, management 
units containing a large area of swampy or wet country should 
be sited to other species. Bush and scrub gullies should be com-
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Tapanui Forest. 

pletely cleared prior to planting and gullies too wet for P. radiata 
should be planted with poplars, willows, etc., to avoid creating 
wind funnels at a later date. 

Dusky and Conical Hill Forests appear to be least prone to 
snow damage. Beaumont and Rankleburn Forests are vulnerable 
on north-easterly faces and within a few chains of east-west running 
ridge tops. To reduce damage, northern and north-eastern slopes 
and basins could be sited to more resistant species such as 
Douglas fir and P. laricio; but because ridge tops are the most 
practical and desirable compartment boundaries, this is not feasible 
except where the ridgetop forms a major topographical division. 
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2. Silvicultural Schedules 

Current schedules prescribe for earlier and heavier thinnings 
than have ever before been done in this district, and the first 
thinning at a top height of 32 ft allows for a stabilization period 
of approximately 8 years before the critical stand height of 60 ft 
is reached. Overseas writers are almost unanimous in recommend
ing early and frequent thinnings to mitigate wind damage and one 
suggests that the maximum period between thinnings should be 
kept to the equivalent of 30 ft in height growth (Jacobs, 1939). This 
is slightly less frequent than present prescriptions demand (first 
thinning at 32 ft, second thinning at 75 ft, and thereafter two 
further thinnings at approximately 20 ft height growth intervals) 
but a heavier first thinning could well be adopted on stand margins 
( to a depth of 2 chains) and seepage areas where windthrow can 
be expected. The frequency and intensity of thinning cannot, how
ever, be expected to prevent damage from storms such as occurred 
in 1957-8. 

3. Timber Quality 

Branches broken by snow and left hanging from the trunk are 
common in younger stands in this district, and, because of the 
rough nature of the break and its proximity to the stem, a large 
scar results. This scar, together with the prematurely dead branch 
stub, is a cause of degrade when sawn. 

The incidence of butt sweep is high in stands of all ages and 
this may be caused in part by the treer. being flattened by snow 
at an early age. If very severe (6 inches or more maximum deviation 
from the straight), butt-swept trees are docked in the bush, thus 
wasting several feet of butt log. When moderately swept logs are 
sawn, subsequent degrade due to distortion and/or diagonal grain 
is not uncommon. 

The tendency of trees to lean away from the prevailing wind 
is well illustrated in South Beaumont. Leaning trees develop, on 
the downwind side, an eccentric pith and high-density compression 
wood, which is difficult to season, especially in the kiln, causing 
uneven shrinkage and warping. Exposure to wind can be reduced 
on flat country by correct orientation of first-rotation fellings. 
This is hardly possible on rolling and broken country; hence timber 
degrade due to lean induced by wind can always be expected 
from sites fully exposed to the prevailing south-westerly wind. 
This point should be borne in mind when allocating pruning 
priorities, because wide, clear boards produced outside pruning 
stubs are useless if they cannot be seasoned. 

4. Future Yields 

The present 5-year cycle of reassessment should be sufficient to 
obtain reliable volume data and permit readjustment of allowable 
annual cuts on a short-term basis — e.g., 5 years — as volume losses 
due to climatic damage will automatically be recorded at each 
measurement. However, when forecasting second-rotation yields 
based on theoretical stocking, it would be prudent to allow for a 
10 to 12% volume loss by climatic damage during the rotation. 
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The fact that a more even distribution of age classes is gradually 
being obtained will mean that the total area of P. radiata sus
ceptible to windthrow will be less, and total damage from any 
one storm will be reduced. More frequent thinnings may or may 
not reduce susceptibility to windthrow and/or snow damage but 
the equipment and organization to deal with salvage will certainly 
be available. Better utilization will be achieved by thinning the 
whole stand when a porton of it is damaged, even if this does 
involve adjustments of thinning schedules. The effect on total 
yields could therefore be reduced to negligible proportions. 
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