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Abstract. Damage in young birch stands after an extensive snowing event was assessed in 13 
hemiboreal birch stands at the age of 1 to 30 years. Tree diameter, height, and stem bending 14 
were measured, stand age and time of thinning adopted from inventory data, and proximity 15 
from a sample plot to nearest adjacent mature stand measured. Stem bending was re-measured 16 
after one growing season to assess tree recovery potential. Stem damage was found for 31.0% 17 
of birch trees, with 93.2% of them bent. Tree stability was linked to its social position within 18 
the stand and taper. The proportion of undamaged trees increased from 54.5% to 80.9% for 19 
trees with relative diameter from <0.4 to >1.6, and from 69.8% to 81.7% for trees with height-20 
to-diameter ratio >1.4 and <1.0, respectively. Stands at the age of 11 to 20 years were damaged 21 
most severely, with 19.2% of trees bent at an angle 46 to 90°. The proximity of mature adjacent 22 
stand had a significant negative effect on the proportion of damaged trees in a distance of 2.1 to 23 
2.5 magnitudes of the height of the adjacent stand. After one growing season, 31.0% of trees 24 
had less intense bending and 8.4% had more intense bending as compared with the initial 25 
assessment. Recovery to a vertical state was more successful for smaller trees and trees initially 26 
bent at a smaller angle. The results indicate the importance of a stable stem form and spatial 27 
planning of heterogeneity in heights of adjacent stands to avoid damage at a young age. 28 
 29 
Key words: arched stem, freezing-rain, recent thinning, slenderness ratio. 30 
 31 

INTRODUCTION 32 
Natural disturbances serve important ecological functions by affecting forest 33 

structure and the dynamics of forest stands (Thom & Seidl, 2016), but they also 34 
strongly, and almost always negatively, affect economic returns for landowners 35 
(Montagné-Huck & Brunette, 2018), and carbon sequestration (Klesse et al., 2016). In 36 
European forests, the main focus has been put on studies of wind, insects, and fire 37 
caused damages (Schelhaas et al., 2003; Seidl et al., 2014), whereas the impact of 38 
extreme precipitation events is relatively rarely studied. Snow is an important 39 
ecological component that insulates vascular plants from low-temperature injuries, thus 40 
contributing to growth and vitality (Blume-Werry et al., 2016). But snow can also have 41 
a destructive effect on trees when its loading is excessively heavy. During recent years, 42 
damages from snow loading are found in 7% of the forest land in Finland (Korhonen et 43 
al., 2017), whereas, in European forests, the snow has caused damages to about one 44 
million cubic meters annually during the period 1950–2000 (Schelhaas et al., 2003). 45 

The occurrence of damaging snow in Northern Europe is projected to change in 46 
the future, but studies have revealed controversial trends. The frequency of damaging 47 
snow accumulation across Finland in 2021–2050 was predicted to decrease by 23% in 48 



comparison to the period of 1961–1990, and by 56% in comparison to 2070–2099 49 
(Kilpeläinen et al., 2010). In the most affected regions, the number of risk days was 50 
predicted to decrease from over 30 days to eight days per year at the end of the century 51 
(Kilpeläinen et al., 2010). The more recent study, in contrast, has projected an increase 52 
in annual maximum loads of wet and frozen snow in eastern and northern Finland as 53 
much as up to 60% for a period of 2070–2099 under the high-emission RCP8.5 54 
scenario as compared to 1980–2009 (Lehtonen et al., 2016). Besides the factors related 55 
to meteorological factors, damage severity is affected by the response of the trees 56 
linked to the individual tree and stand parameters, the site physical conditions, and the 57 
past silvicultural treatments (e.g. Jalkanen & Mattila, 2000; Hlásny et al., 2011; Díaz-58 
Yáñez et al., 2017, 2019). Thus, even under the present frequency and intensity of the 59 
snow accumulation, the damage might rise as forests are becoming more vulnerable 60 
due to an increase in the total growing stock and age (Schelhaas et al., 2003; Seidl et 61 
al., 2011). 62 

Based on an analysis of snow damage in Sothern Finland, a snow load of at least 63 
40 mm water equivalent over a five-day period is necessary to break individual large 64 
stems (Solantie, 1994). However, the nature of damaging events is complex. If the 65 
temperature is near the freezing point, snow loading might be accompanied by other 66 
precipitation, such as freezing rain or rime, and wind. In the field, the effect of a certain 67 
factor is problematic to distinguish. Wet snow and freezing rain may interchange 68 
depending on temperature fluctuations and the effect of these types of precipitation is 69 
altered by a wind that has complex spatial and temporal dynamics within the forest 70 
canopy (Kamimura et al., 2019). The water content of snow depends on temperature, 71 
and while dry snow is easy to shed, wet snow is more likely to accumulate (Nykänen et 72 
al., 1997), whereas freezing rain forms an adherent glaze on branches. The increasing 73 
wind speed typically enhances the accumulation of snow until wind speed exceeds 9 74 
m s⁻¹ when removal of unfrozen snow starts to dominate (Solantie, 1994; Nykänen et 75 
al., 1997). In the case of wet, attached snow or glaze, however, a strong wind is likely 76 
to facilitate damages. Therefore, studies typically assess the combined effect of wind, 77 
snow, and freezing rain (Valinger et al., 1993; Valinger & Pettersson, 1996; Peltola et 78 
al., 1997; Peltola et al., 1999; Valinger & Fridman, 1999; Jalkanen & Mattila, 2000; 79 
Päätalo, 2000; Zhu et al., 2006; Martín-Alcón et al., 2010; Zubizarreta-Gerendiain et 80 
al., 2012; Díaz-Yáñez et al., 2017, 2019; Duperat et al., 2020). 81 

A recent study based on the Norwegian National Forest Inventory has shown that 82 
snow is the most frequent damaging agent in birch stands, especially at an intermediate 83 
and mature age (Díaz-Yáñez et al., 2016). As compared to coniferous species, 84 
deciduous trees are considered to be less susceptible to snow damage (Peltola et al., 85 
1997; Jalkanen & Mattila, 2000; Päätalo, 2000) due to the smaller crown area during 86 
the winter when the snow damage mostly occurs (Lehtonen et al., 2016). However, 87 
these studies have accounted only for stem and root failure to resist snow loading. 88 
Stem bending is the least studied among the snow damage types, presumably because it 89 
is more frequent in young stands (Martiník & Mauer, 2012) and does not cause tree 90 
death. However, stem bending might be irreversible (Beach et al., 2010) and cause 91 
internal wood defects both from initial disturbance (Fredericksen et al., 1994; 92 
Jakubowski & Pazdrowski, 2006) and the formation of reactive wood for trees that 93 
continue to grow leaning (Nishikubo et al., 2007; Donaldson & Singh, 2016). The faith 94 
of the bent trees is rarely quantified, however, this would provide valuable information 95 



to support decision making for landowners. If a large proportion of trees is 96 
permanently bent, starting over might be considered. 97 

The extensive snowing and freezing rain events cannot be prevented, however, 98 
stand resistance and resilience can be increased through silvicultural measures that 99 
control the stability of trees. Acknowledging these factors, and implementing them into 100 
forest management might mitigate the potential impact of freezing rain and snow 101 
loading on trees. This study aimed to 1) characterize stem damage types caused by 102 
freezing rain and snow-accumulation in young birch stands, 2) assess factors affecting 103 
damage severity concerning individual tree and stand parameters, and 3) assess tree 104 
recovery potential. 105 

 106 
MATERIALS AND METHODS 107 

 108 
In the last ten-day period of December 2010, according to the data from the 109 

Latvian Environment, Geology and Meteorology Centre, the upper layer of the air 110 
mass passing through Latvia was warm and resulted in snowing along with drizzle, 111 
rain, and freezing-rain. The amount of precipitation exceeded the norm (30-year-112 
average) by 2.7 times, mainly in a form of wet snow. 113 

The snow damage was assessed in young birch-dominated stands in the spring of 114 
2011 in the south-eastern part of Latvia, i.e. the region that was most severely affected 115 
by extensive snow loading. One hundred stands (total area 215 ha) with birch (Betula 116 
pendula and Betula pubescens) accounting for more than 30% of the number of trees 117 
(if the height of the dominant species <12 m) or growing stock (if the height of the 118 
dominant species ≥12 m) at the age from 1 to 30 years were selected. In each stand, 10, 119 
15, or 20 sample plots were established for a stand size of 0.5 to 1 ha, 1.1 to 2 ha, or 120 
2.1 to 10 ha, respectively. Plot spatial distribution (coordinates) within the stand was 121 
generated using the Repeating Shapes tool (v. 1.5.152) for ArcGIS (Jenness, 2012). 122 
The size of a sample plot was 25, 50, or 75 m² for stands at the age of <10, 11 to 20, or 123 
21 to 30 years, respectively. In total, 1477 sample plots were established, and 14,617 124 
trees (9525 birch trees) were measured. The total area of the sample plots was 8.1 ha. 125 

Diameter at 1.3 m at the breast height (DBH) was measured and species noted for 126 
all trees that were at least half of the height of the dominant canopy. Height (H) was 127 
measured for four trees per sample plot. The height of the straight trees was measured 128 
with an accuracy of 0.1 m if H < 3.0 m or 0.5 m if a tree was higher. Height (stem 129 
length) of the bent trees was calculated assuming that the length of the stem is the 130 
length of the arc between the tree top and stem base. The arc length was calculated 131 
based on the Huygens formula, considering a) height of the treetop above the ground 132 
level at the stem base, b) horizontal distance between the stem base and treetop vertical 133 
projection, and c) height of the stem in the half of the distance of assumption b. 134 

For each sample plot, the distance from the centre to the nearest adjacent stand 135 
and the height of the dominant canopy of this stand were measured. Stem slenderness 136 
coefficient (ratio between tree height (m) and DBH (cm)), and relative diameter (ratio 137 
between DBH of an individual tree and the stand mean DBH) was calculated to 138 
characterize a tree's social position within the stand. The measured data were used to 139 
calculate stand density (number of trees per ha) and stand composition. Stand age and 140 
timing of tree removal during the previous years (2010 to 2009, 2008 to 2004, and 141 
before 2004 or none) were obtained from the stand inventory data. 142 



The stem damage type—bent, broken, or uprooted—was noted. The stem bending 143 
was measured as a deviation from the vertical axis from the tree stem base to the top 144 
using a protractor and ruler. The damage was graded (Table 1) according to type and 145 
intensity. Trees that were bent up to 15° (Grade 0) were regarded as undamaged. 146 

 147 
Table 1. Grading of the stem damage 148 
Damage grade Damage type Damage intensity, degrees 

Grade 0 undamaged − 

Grade 1 bent 16–30 

Grade 2 bent 31–45 

Grade 3 bent 46–60 

Grade 4 bent >60 

Grade 5 Broken/uprooted − 
a deviation from the vertical axis from the tree stump to top. 149 

 150 
Re-measurements in 20 randomly selected stands were done after one growing 151 

season in autumn 2011. In each stand, the damage of all previously measured birch 152 
trees (in total 1622 trees) was assessed using the same grading (Table 1).  153 

We used a chi-squared test to assess the effect of relative diameter, slenderness 154 
coefficient, and stand age on the number of damaged trees among the damage grades 155 
and the effect of stand age and timing of thinning on the number of stands among the 156 
stand state categories. The effect of proximity of an adjacent mature stand was assessed 157 
by one-way analysis of variance. The effect of tree height on the number of trees 158 
among the categories of change in the bending degree (increased, stable, decreased) 159 
was assessed by chi-squared test. 160 

 161 
RESULTS AND DISCUSSION 162 

 163 
Initial assessment 164 

The snow-induced damages, i.e. stem deviation larger than 15° from the vertical 165 
axis, stem breakage, or uprooting, were observed for 31.0% of the 9525 assessed birch 166 
trees. Stem bending was the prevailing damage type, accounting for 93.2% of all 167 
damaged birch trees. Among the damaged trees, 5.6% had broken stems, and 1.2% was 168 
uprooted. Studies have shown that birch is more prone to bending than other 169 
economically important hemiboreal tree species (Martiník & Mauer, 2012). The level 170 
of snow-induced bending observed in birch stands at the age of four to 20 years in 171 
central Europe was even higher than in our study, with 58% to 89% of all birches bent 172 
(Martiník & Mauer, 2012). 173 

The tree social position within the stand significantly (P < 0.001) affected the 174 
damage intensity. Trees of a large relative diameter had a smaller proportion of more 175 
severely bent trees than relatively thicker trees but increased the proportion of broken 176 
and uprooted trees (Fig. 1a). The proportion of undamaged trees increased from 54.5% 177 
among trees with relative diameter <0.4 to 80.9% for trees with relative diameter <1.6. 178 
The proportion of most severely bent trees had the opposite trend: from 5.9% for the 179 
relatively largest trees to 16.9% for the relatively smallest trees. A similar pattern was 180 
reported from stands damaged by freezing rain (Klopčič et al., 2020), and might be 181 
explained by secondary damage (domino effect) from the bent neighbouring trees 182 



(Rhoads et al., 2002; Bragg et al., 2004). Several other studies, however, have 183 
indicated less damage from ice accumulation to trees of lower social strata due to the 184 
sheltering effect (Belanger et al., 1996; Rebertus et al., 1997; Rhoades, 1999; 185 
Zarnovican, 2001; Šēnhofa et al., 2020). 186 

A height-to-diameter ratio was significantly (P < 0.001) linked to damage grade. 187 
Trees with high slenderness ratio had a higher proportion of damaged trees and a 188 
higher proportion of more severely bent trees than trees with low slenderness ratio 189 
(Fig. 1b). The proportion of undamaged trees was from 69.8% for trees with a 190 
slenderness ratio >1.4 to 81.7% for trees with a slenderness ratio <1.0. The proportion 191 
of trees bend at an angle of 46 to 90° had an opposite trend, and increased from 8.3% 192 
to 16.0% for trees with a slenderness ratio <1.0 and >1.4, respectively. Our observed 193 
link between damage occurrence and stem taper is typical for damage from snow and 194 
ice accumulation (Nykänen et al., 1997; Peltola et al., 1997). The study that analysed 195 
the bending of birch, however, found no differences in slenderness ratio between intact 196 
and damaged trees (Martiník & Mauer, 2012). Differences with our results might be 197 
related to stand density, as their analysed stands had an extremely high number of trees 198 
(18,400 to 50,600 trees ha⁻¹). In such tightly spaced stands both damaged and intact 199 
trees had high slenderness ratios (mean values about 150 to 170) thus diminishing the 200 
effect of stable stem taper. 201 
 202 



 203 

204 

 205 
Figure 1. The proportion of trees among the damage grades according to relative diameter 206 
(Dtree/Dstand) and slenderness ratio (HD⁻¹). 207 

 208 
Stand age significantly (P < 0.001) affected tree distribution among the damage 209 

grades (Fig. 2). Stands up to the age of 10 years were least damaged, with 84.3% of 210 
trees undamaged. The medium-aged stands (11 to 20 years) were damaged most 211 
severely: the proportion of undamaged trees was the lowest (63.5%) and the proportion 212 
of trees bent at an angle 60 to 90° was the largest (19.2%) among the groups of stand 213 
age. Stands at the age of 21 to 30 years were damaged slightly less than the medium-214 
aged stands. 215 
 216 



 217 
Figure 2. Distribution of trees among the damage grades according to stand age. 218 
 219 

The proportion of damaged trees per stand affected its status (undamaged, 220 
damaged, or destroyed) after the disturbance. Stand age was a significant factor (P = 221 
0.01) affecting its status. Stands at the age of 11 to 20 years had suffered the most, with 222 
49.1% of them damaged and 18.9% destroyed (Fig. 3a). An age-related trend for the 223 
proportion of damaged trees was also showed in a severely bent birch stand in central 224 
Europe (Martiník & Mauer, 2012). Stand younger than six years were least damaged, 225 
whereas in stands at the age of seven to 10 years almost every (91% to 97%) birch was 226 
bent, followed by a gradual decrease of the proportion of damaged birches in older 227 
stands (Martiník & Mauer, 2012). A similar trend but biased to a larger stand age was 228 
observed in a deciduous forest after freezing rain (Rhoads et al., 2002). Stands at the 229 
age of 14 years had only a few bent trees along the openings, while adjacent 24- to 28-230 
year-old stands had damaged 36% of stems, with 78% of damaged trees severely bent. 231 

Less damage to trees at a younger age is likely due to smaller tree dimensions, as 232 
smaller tree crowns can accumulate a smaller amount of snow. Young trees are also 233 
more flexible to resist bending due to smaller tree diameters (Brüchert et al., 2000). 234 
Indeed, bending of maple and aspen was almost exclusively found for stems smaller 235 
than 18 cm, whereas trees of a larger diameter had a substantial crown loss (Proulx & 236 
Greene, 2001). Higher susceptibility to bending for younger trees as opposed to stem 237 
breakage in middle-aged and mature stands is also observed for ice accumulation in 238 
coniferous stands (Bragg et al., 2004; Bāders et al., 2016). 239 

 240 



 241 
Figure 3. Stand status (undamaged, damaged, or destroyed) according to (a) stand age, and (b) 242 
year of thinning. 243 

 244 
A higher stand density has been linked to an increased proportion of damaged 245 

trees (Valinger & Pettersson, 1996; Martiník & Mauer, 2012) due to consequent 246 
changes in a stem taper and crown shape. Pre-commercial thinning is an efficient 247 
measure to promote the growth of diameter and reduce slenderness for birch (Rytter & 248 
Werner, 2007; Rytter, 2013) thus increasing the stability of individual trees. However, 249 
the timing of previous tree removal significantly (P < 0.001) affected stand 250 
susceptibility as shown by an increased proportion of damaged trees in recently thinned 251 
stands (Fig. 3b). Among the stands that were thinned during the previous two years, 252 
only 10.3% were undamaged, whereas, among stands that were thinned three to seven 253 
or more than eight years before the disturbance, the proportion of undamaged stands 254 
was 55.2% and 68.3%, respectively. Temporally increased susceptibility might also 255 
contribute to explain the high proportion of severely damaged stands at the age of 11 to 256 
20 years, as stands are usually thinned at this age. 257 

If the reduction of competition is delayed, stem slenderness for densely growing 258 
trees increases significantly, and even after competition release cannot recover to the 259 
level of the timely thinned trees (Rytter, 2013). Instead, open stands with highly 260 
tapering individuals that have lost support from the neighbouring trees are formed 261 
(Belanger et al., 1996). Trees in an open stand might suffer more damage as more snow 262 
and ice could accumulate on an individual tree (Belanger et al., 1996), and increased 263 
wind speed within the canopy might facilitate damage. Our results agree with the study 264 
of snow and ice accumulation in a thinning experiment in 28-year-old Betula 265 
alleghaniensis stand that has shown an increased proportion of severely bent trees in 266 
relation to thinning intensity (Zarnovican, 2001). In pine and spruce thinning and 267 
fertilization experiment, Valinger et al. (1994) have found no statistically significant 268 
differences in the proportion of leaning and uprooted trees after four to eight years after 269 
thinning, although in all treatments it was by 60% to 100% higher than in the control 270 
plots. Authors have claimed that leaning and uprooted trees are wind-induced damage 271 
and stem breakage was snow-induced damage, whereas in our study bending was 272 
primarily caused by snow and ice loading, accompanied by wind. However, their 273 
studied stands were notably older (34 to 58 years at the experiment establishment) in 274 



comparison to our stands. In a study of ice accumulation caused damage in thinned and 275 
unthinned loblolly pine stands at age of 19 to 22 years, bending was found for three to 276 
seven percent of trees regardless of applied treatment (Belanger et al., 1996). 277 

Stands with mean tree height within the range of 4 to 16 m had a large variation 278 
in the proportion of damaged trees, from nearly all trees damaged to any damaged trees 279 
(Fig. 4). Stands with smaller and higher mean height were damaged less severely, with 280 
at least half of the trees undamaged. Our results agree well with the previous 281 
observations (eight to 15 m) in severely damaged birch stands (Martiník & Mauer, 282 
2012). 283 

 284 

 285 
Figure 4. The proportion of damaged trees in relation to mean stand height. 286 
 287 

Proximity to the nearest adjacent stand significantly affected the proportion of 288 
bent trees, with a larger proportion of damaged trees closer to the edge of the adjacent 289 
mature stand (Fig. 5). This proportion decreased from 43.2 ± 2.4% (mean ± confidence 290 
interval) in plots that were closer than half of the adjacent stand height, to 19.3 ± 3.7% 291 
in plots that were at the distance of 2.1 to 2.5 magnitudes of a height of the adjacent 292 
stand. 293 

 294 



 295 
Figure 5. The proportion of damaged trees and their confidence interval in relation to the 296 
relative distance (relative to the height of the mature stand) from the adjacent mature stand. 297 
 298 

Our observed distance where the effect of proximity of a mature adjacent stand 299 
slows down coincides with results of studies that have characterized wind profile in a 300 
forest. When wind flows from the direction of a lower canopy (young stand) to a 301 
higher forest edge (mature stand), wind facilitated damage is expected to increase 302 
closer to the mature stand. The open area of the lower canopy promotes an increase in 303 
a wind drag (Venäläinen et al., 2004; Heinonen et al., 2009; Belcher et al., 2012), and 304 
is followed by a turbulent flow at the edge of the downwind mature stand (Dupont & 305 
Brunet, 2008; Belcher et al., 2012). If the wind comes from a mature upwind stand, it 306 
provides lee to the downwind young stand (Heinonen et al., 2009; Zeng et al., 2009) in 307 
a distance of one to two heights of the upwind stand canopy (Peltola et al., 1999; 308 
Belcher et al., 2012). Additionally, wind could also cause shedding snow in a 309 
windward direction from a higher to the lower canopy, thus increasing loading to 310 
young trees (Solantie, 1994; Nykänen et al., 1997). 311 

 312 
Re-measuring 313 

After one growing season, 60.7% of birch trees had the same damage intensity 314 
(the difference between measurements smaller or equal to ±5°), 8.3% had more intense 315 
bending, and 31.0% of trees had less intense bending as compared with the initial 316 
assessment. Among the re-measured trees, 45.9% were initially classified as 317 
undamaged, and this number increased to 56.7% after one growing season. Tree fate 318 
(increased, decreased, or stable degree of bending) was significantly affected (P < 319 
0.001) by its height. The largest changes in damage intensity were obtained for trees 320 
smaller than 6 m, among which 38.4% of trees reduced the degree of bending. The 321 
damage intensity was most stable in the largest trees: 75.3% of trees had not changed 322 
the position more than five degrees, and 19.4% had reduced degree of bending (Fig. 6). 323 
 324 



 325 
Figure 6. The proportion of trees that have increased (increase >5°), stable (change smaller or 326 
equal to ±5°), or decreased (decrease >5°) degree of bending after one growing season. 327 
 328 

Among the trees that initially were classified as undamaged (deviation <15°), 329 
97.8% were re-assessed as undamaged. Trees with initial stem deviation 16–30° tended 330 
to unbend: among such trees, 82.8% of the re-measured trees had stem deviation 331 
smaller than 15°. For trees with initial stem deviation 31–45°, about half of trees 332 
(49.2%) with height up to 9 m were re-assessed as undamaged (deviation <15°), 333 
whereas for taller trees only four out of 30 individuals were unbent. For the most 334 
severely damaged trees (initial deviation ≥61°), the majority (86.8%) were re-assessed 335 
at the same damage intensity, and only 0.34% of trees were able to unbend to stem 336 
deviation smaller than 15° (Fig. 7). 337 

 338 



339 

 340 
Figure 7. Damage intensity at the re-measuring in autumn in relation to initial measuring in 341 
spring for trees with height (a) 2.1 to 6.0 m, (b) 6.1 to 9.0 m, (c) 9.1 to 12.0 m, and (d) 12.1 to 342 
22.0 m. 343 

 344 
Our results are in accordance with the observation of Greene et al. (2007) that 345 

have noticed rapid recovery of small trees after an ice loading but decreased capability 346 
of recovery as tree height increased but less successful recovery for larger stems. Trees 347 
that are capable to recover vertical growth of the top may initially have crooks at the 348 
stem base, although, for trees damaged at the seedling stage (one to two meters height) 349 
no external sights were visible 10 years later for pines (Oliver, 1970). If a tree remains 350 
bent over a growing season its recovery to a vertical state is less likely. An increase in 351 
living crown hinders unbending, as it applies additional force due to gravity (Peltola et 352 
al., 1999).  353 

 354 
CONCLUSIONS 355 



 356 
The susceptibility to wind- and snow-induced bending is linked to individual tree 357 

parameters, the timing of thinning, and proximity to the mature adjacent stand. 358 
Damage might be diminished through silvicultural measures that increase the stability 359 
of individual trees at a young age with particular importance of tree stability near the 360 
mature adjacent stand. Stands at an older age were damaged less than younger stands, 361 
however, recovery of these stands might be less successful as a larger proportion of 362 
higher trees tend to remain arched. 363 
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