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ABSTRACT 

 

Snow avalanches are a common phenomenon in Parâng Mountains (Southern Carpathians, Romania) perturbing 

tourism activities and associated infrastructures, damaging forests, and causing fatalities. Its past history is an es-

sential information to gather while assessing the hazard zonation areas. Usually, in Romania snow–avalanche activ-

ity occurring in forested areas are neither monitored, nor recorded by historical archives. In these areas, environ-

mental archives such as tree rings may provide useful information about the past avalanche activity. The purpose 

of the present study is to reconstruct snow–avalanche history with tree rings along a path located below Cârja 

Peak (2405 m a.s.l.), an area where past snow–avalanche activity still remains underestimated. In this sense, 57 

Norway spruce (Picea abies (L.) Karst.) trees showing clear signs of disturbance by snow avalanches were sampled 

and the growth anomalies associated with the mechanical impact produced by snow avalanches on trees were 

identified within their rings and served to reconstruct past events. The reconstructed chronology covers the period 

1994–2018 showing the occurrence of a minimum of 11 major events, with an average return period of 2.1 years. 

Tree–ring records provided the most consistent avalanche event chronology in the study area. Although the lim-

ited extension of the chronology back in time, a better understanding of snow–avalanche history which may be 

gained through dendrochronological reconstructions represent nonetheless useful and pertinent information to 

consider before the implementation and development of infrastructure in this mountain avalanche–prone area. 

 

KEYWORDS snow avalanches, dendrogeomorphology, return periods, Picea abies (L.) Karst., Parâng Mountains 

(Romania) 

 

1. Introduction 

Snow avalanches (SAs) are known as a common 

phenomenon occurring in snow–covered moun-

tainous areas worldwide, being one of the main 

agents of debris transfer in such environments (e.g., 

Rapp, 1959; Gardner, 1970; Ward, 1985; Decaulne 

and Saemundsson, 2006). As they can frequently 

endanger constructions, affect tourist activities and 

related infrastructures, and cause fatalities especially 
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during backcountry recreation, it is of paramount 

importance to evaluate the risk related to the dy-

namics of snow avalanches for an accurate hazard 

zonation, but also to prevent future exposure of 

people and tourist infrastructures in such ava-

lanche–prone areas. The past SAs history, especially 

regarding their magnitudes and frequencies are an 

essential information to gather while assessing the 

hazard zonation areas. However, SAs activity occur-

ring in remote forested mountain areas are neither 

monitored, nor recorded by historical archives. In 

these areas, environmental archives such as tree 

rings may provide useful information about the past 

frequency and magnitude of avalanche activity 

(Schaerer, 1972; Rayback, 1998; Boucher et al., 2003; 

Germain et al., 2005; Casteller et al., 2007; Reardon 

et al., 2008; Muntán et al., 2009; Corona et al., 

2010a, 2012; Decaulne et al., 2012; Voiculescu and 

Onaca, 2013; Šilhán and Tichavský, 2017). Tree–ring 

investigations rely on the assumption that annual 

growth rings record accurately and objectively, in 

their anatomical structure, the mechanical impact of 

snow avalanches on trees. 

In the last decades, the western and eastern 

flanks of the Parâng Mountains (Southern Carpathi-

ans, Romania) have become an attractive area for 

winter recreational activities. This recent increase in 

tourist numbers, coupled with the projected in-

crease with the development of appropriate infra-

structure to sustain winter recreational activities, 

was planned in an avalanche–prone area, which 

could result in an increased exposure of people and 

infrastructure to avalanche hazards. In this regard 

and considering the lack of knowledge regarding 

SAs activity in this high mountain area, the absence 

of forecasting and warning services, tourists may 

cross either unconscientiously or even conscien-

tiously some avalanche paths and hazard zones. 

Giving the availability of trees as natural archives on 

these forested slopes on the SW flank of Parâng 

Mountains, tree–ring–based snow–avalanche re-

constructions have already been established along 

two adjacent avalanche paths and for several dec-

ades, up to one century (Pop et al., 2016; Meseşan 

et al., 2019). However, these two avalanche paths 

showed discrepancies in avalanche regime, likely re-

lated to their slope aspect as well as their morpho-

metric characteristics. Nearby, another avalanche 

path appears of interest considering the tragic event 

that occurred on December 1st 2017, when an ava-

lanche released below Cârja Peak (2405 m a.s.l.) and 

buried two people, one of whom later died. SAs ac-

tivity along the path below Cârja Peak still remains 

underestimated, but a dendrogeomorphic investiga-

tion does provide useful information for a better 

knowledge of the avalanche regime, and subse-

quently adequate zoning. The aim of the present 

study is therefore to reconstruct snow–avalanche 

history with tree rings along the path below Cârja 

Peak in the Parâng Mountains. From the hazard 

management perspective, a better understanding of 

SA history in the area which may be gained through 

dendrochronological reconstructions should con-

tribute significantly to hazard zoning and the estab-

lishment of appropriate risk mitigation measures. 

 

2. Study area 

The Parâng Mountains belongs to the Southern Car-

pathians Range (Fig. 1) and are one of the highest 

Mountain Range in Romania, with crests and peaks 

above 2500 m (Parângul Mare Peak, 2519 m a.s.l.). 

The complex geology of the area is characterized by 

schists and granitic intrusions in the central moun-

tain area, and sedimentary rocks amongst them with 

limestones in the southern part (Badea et al., 2001). 

Evidence of Pleistocene and Holocene glacial and 

periglacial activity is well–attested by the alpine 

landscape morphology: narrow crests, simple and 

complex glacial cirques, nivation cirques, U–shaped 

glacial valleys, moraine deposits, etc. (Urdea et al., 

2011). The glacial landforms are better developed 

on the northern slopes. On steep slopes above 25°, 

SAs are a widespread present–day process and par-

ticularly at high–elevation with glacial and perigla-

cial ones (Gavrilă et al., 2018). The timberline is 

found between 1700 and 1800 m a.s.l., but ava-

lanches are lower than this limit as evidenced by the 

presence of corridors devoid of mature forest vege-

tation along upper reaches valley. The avalanche 

path investigated (45°22′ N, 23°35′ E) is located on 

the western flank of Parâng Mts., below Cârja Peak 

(2405 m), ranging between 2200 m and 1500 m a.s.l. 

(Fig. 2). The avalanche path as delineated on the 

orthophotos has a surface area of 910.466 m2 
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(based on a DEM with a 10–m accuracy). The slope 

profile shows steep slopes (25° to 45°) in the start-

ing and the track zones and lower slope angles (< 

25°) in the runout zone. The morphology of the val-

ley limits the lateral spread of avalanches, resulting 

then in a typical funnel–shaped avalanche path. The 

path is clearly visible by comparison to the adjacent 

forest. Along the track and runout zones, one can 

observe that tree cover is replaced by a mix of 

shrubs (Pinus mugo and Juniperus communis) and 

sparse coniferous (Picea abies (L.) Karst.) and decid-

uous (Acer pseudoplatanus) trees related to the fre-

quency of avalanches. In the starting zone, the path 

is crossed by the main hiking trail used by tourists 

that follow the mountain crest, which represents a 

significant risk, especially during winter and spring 

seasons. Lower in the track zone, the path is also 

crossed by an additional unmarked hiking trail. 

 

Figure 1 Location of the study area 

3. Materials and methods 

3.1 Field sampling 

The path investigated was mapped using a 1:25000 

scale topographical map and 1:5000 scale ortho-

photoplans (2012 campaign). A fieldwork campaign 

was conducted in August 2018. During fieldwork, a 

total number of 57 Norway spruce (Picea abies (L.) 

Karst.) trees were sampled. The samples were col-

lected only from trees showing visible disturbances 

caused by the mechanical impact of avalanches, 

e.g., tilted stems, injured stems, decapitated trees, 

trimmed crown, and partially uprooted trees. Sam-

ple collection included either discs cut from 29 

trees, as well as cores extracted from 28 trees (2, 3 

or 4 cores per tree, 60 cores in total). Even not very 

large, the sample depth is coherent with the spatial 

extent of the path in the study site, as well as with 

the tree–cover conditions. The sampling strategy 

consisted also to collect samples from trees be-

longing to different age classes. Younger trees with 

high stem flexibility are more sensitive to the recent 

avalanche activity, showing then stronger reactions 

in their annual rings. By comparison, older trees are 

considered on one hand less sensitive to recent ac-
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tivity, but they can provide on the other hand a 

longer SAs chronology as they might have recorded 

events in the earlier decades of their lifespan (Stof-

fel et al., 2013; Stoffel and Corona, 2014). For each 

sampled tree, additional information was gathered, 

including tree height, the social position of the tree 

within the forest, nature and position of visible dis-

turbance on stems, the position and height of the 

samples on the stem, as suggested by Stoffel and 

Bollschweiler (2008). Besides the information re-

garding tree morphological characteristics, photos 

of each sampled tree were gathered, as well as their 

location by using a GPS device. In addition, 22 

spruce trees located outside the avalanche path in a 

forest stand undisturbed were also sampled (two 

cores per tree, 44 cores in total), in order to obtain 

a local reference chronology, which represents the 

common growth variation of trees in the area (Cook 

and Kairiukstis, 1990; Schweingruber, 1996). This 

reference chronology was used for cross–dating the 

growth series of disturbed trees and to distinguish 

the growth anomalies related to mechanical impact 

of SAs from those related to local stand growth 

conditions (Stoffel et al., 2006). 

 

Figure 2 Delineation of the avalanche path and location of sampled trees within the path
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3.2 Sampling preparation and analysis 

The samples were prepared for analysis following 

the procedures described by Bräker (2002) and Stof-

fel and Bollschweiller (2008). Working procedure in-

cludes core mounting in wood supports, air–drying 

and sanding of samples using a sanding belt ma-

chine. Successive sanding operations were applied 

using an increasing grits of the sanding belts (80, 

180, 220, 400, 600 grits), in order to obtain wood 

surfaces suitable to reveal clearly the ring bounda-

ries and their anatomical structure. The age of each 

sample was determined by ring counting under the 

stereomicroscope. Tree–ring width was then meas-

ured along two, three or four radii for cores and 

along four radii for cross–sections. Ring–width 

measurements were performed to the nearest of 

0.01 mm accuracy using a LINTAB 5 system com-

posed of Leica DMS 1000 stereomicroscope con-

nected to the measurement table and to the com-

puter with TSAPWinTM Scientific software (Rinntech, 

2020). Tree–ring series of trees growing outside the 

avalanche path were also measured to establish a 

local reference chronology. The calendar year of 

each ring in the disturbed tree growth chronologies 

was determined by cross–dating with the local ref-

erence chronology. The quality of the cross–dating 

was visually evaluated using the graphical function 

of the TSAP–Win software and statistically analysed 

using COFECHA software (Holmes, 1983). 

 

3.3 Growth anomalies identification and event 

reconstruction 

Ring–width series measured on samples from dis-

turbed trees were visually cross–dated against the 

reference chronology, in order to (i) detect possible 

false or missing rings and to correct ring–width se-

ries of disturbed trees, and (ii) discriminate between 

growth anomalies related to SAs activity and the 

normal growth related to climate conditions (Bryant 

et al., 1989). Corrected growth chronologies of dis-

turbed trees were analysed in order to identify the 

specific growth anomalies related to the SAs activity 

within tree–rings. Typical growth reactions related to 

mechanical impacts of SAs (Stoffel and Corona, 

2014), e.g., impact scars (SC), traumatic resin ducts 

(TRD), compression wood (CW) in association with 

the onset sequences of abrupt growth suppression 

(GS) were identified within rings of disturbed trees. 

Growth reactions developed in the first decade of 

the disturbed trees were disregarded for event re-

construction, as young trees having commonly thin 

stems are more susceptible to disturbances by vari-

ous factors other than SAs and therefore represent 

potentially a source of dating errors (Stoffel and 

Bollschweiler, 2008; Šilhán and Stoffel, 2015; 

Tichavský et al., 2017). The avalanche chronology 

was reconstructed using the Avalanche Activity In-

dex (AAI) – an equation which includes the number 

of trees showing growth anomalies during a particu-

lar year (Rt) divided by the total number of sampled 

trees alive in a specific year (At) (Shroder, 1978, But-

ler and Malanson, 1985): 

AAI = (∑i
n

= 1Rt / ∑i
n

= 1At) ×100   (1) 

To distinguish between the tree growth reac-

tions caused by mechanical impact of SAs from 

those considered as a noise and recorded by trees, 

five growth disturbance (GD) intensity classes were 

defined, as proposed by Stoffel and Corona (2014): 

 GD Intensity 5: SC, strong TRD; 

 GD Intensity 4: moderate TRD, strong CW, strong 

GS; 

 GD Intensity 3: moderate CW and moderate GS; 

 GD Intensity 2: weak CW; 

 GD Intensity 1: weak TRD. 

The intensity of each reconstructed avalanche 

event was determined based on the intensity classes 

(Stoffel and Corona, 2014) of the GDs found within 

the tree rings. For each class of intensity, a specific 

value was accorded as reported by Koglenig–Meyer 

et al. (2011): 

𝑊𝑖𝑡 =  [(∑ 𝑇5  × 5𝑛
𝑖=1 ) + (∑ 𝑇4

𝑛
𝑖=1 × 4) + (∑ 𝑇3

𝑛
𝑖=1 × 3)] ×

∑ 𝑅𝑡
𝑛
𝑖=1

∑ 𝐴𝑡
𝑛
𝑖=1

        (2) 

where T5 is the number of trees with GD intensity 

class 5, multiplied by a factor 5; T4 is the number of 

trees with GD intensity class 4, multiplied by a factor 

4; T3 is the number of trees with GD intensity class 

3, multiplied by a factor 3; R is the number of trees 

showing GDs in the year (t) and A is the total num-

ber of sampled trees alive in the year (t). 

Finally, a specific year was considered as being 

an event year if the following three conditions are 

fulfilled simultaneously: (i) >10 available trees of 10 
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years old for the reconstruction; (ii) a minimum of 

three trees showing severe or moderate growth dis-

turbances; and (iii) a minimum AAI of 10%. 

Considering that SAs occur during the winter 

and spring seasons, which is the dormant period of 

trees, they can only be recorded in the growth rings 

of the following summer and fall seasons. For ex-

ample, the reconstructed event year 2018 means 

that a SA occurred during the cold season 2017–

2018 (winter and spring). 

 

4. Results 

4.1 Age structure of the forest stand 

The age of the sampled trees is variable, the young-

est tree is 15 years old and the oldest one reaches 

145 years old. Figure 3 shows the spatial position of 

sampled trees and the tree–age classes. One can 

observe that the older trees are located to the path 

margins where could indicate less impact of the SAs. 

A group of young trees (classes 14–18 years old and 

19–30 years old) and medium aged trees (class 31–

50 years old) is located in the axial area of the path 

and seems to indicate that the avalanche path af-

fected repeatedly this area and consequently dis-

turbed trees cannot reach significant heights. The 

right side of the path is characterized by younger 

trees (class 19–30 year old) than on the left side (31–

50 years old). This suggests that SAs flow closer to 

the right side of the path, having then a higher im-

pact on the forest. 

 

Figure 3 Spatial distribution and age classes of the sampled trees 
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4.2 Reconstructed avalanche events, frequency 

and spatial distribution 

Tree–rings analyses enabled to identify a total num-

ber of 354 growth anomalies, among which 185 

growth reactions of severe and moderate intensities 

(GD intensity classes 3 to 5). Taking into considera-

tion the three criteria above–mentioned in the 

method section, a minimum of 11 SA events was re-

constructed. The chronology spans the period 1994 

– 2018. Other possible event years could be recon-

structed, but the small number of growth reactions, 

in combination with a reduced sample depth and an 

AAI<10% do not enabled us to consider with confi-

dence these years. 

The large number of cross–sections available in 

the sample collection enabled to identify a large 

number of scars (SCs) and strong traumatic resin 

ducts (TRDs), two reliable indicators representing 

higher percentage than all the other types of 

growth reactions. Therefore, even though the re-

constructed chronology is short, the event years 

that were recorded show strong and undoubtedly 

signals of snow avalanche activity. Table 1 shows the 

types and the number of growth disturbances for 

each reconstructed event year. Compression wood 

(CW) sequences resulted as a reaction to the stem 

tilting were also identified within the samples. Series 

of growth suppressed rings following the tree top-

ping represent a valuable indicator of SAs and can 

be found as long sequences especially in the case of 

the event years with high number of trees disturbed 

(e.g., 2005 and 2007). Figure 4 provides some ex-

amples of typical growth reactions identified within 

the samples and used for event reconstructions. 

Figure 5 illustrates the event years within the recon-

structed chronology which covers a short period of 

24 years. The length of the reconstructed chronolo-

gy is limited by the age of the sampled trees. How-

ever, this may also suggest that a recurrent SAs ac-

tivity destroyed repeatedly the forest cover within 

the path. The highest number of disturbed trees was 

recorded in 2005 and 2007, when the percentage of 

affected trees is above 30% from the total sampled 

trees. That represents a strong signal of disturb-

ances occurring during the previous dormant sea-

sons, i.e., snow avalanches occurring during winter 

seasons 2004–2005 and 2006–2007. During winter 

season 2011–2012, several trees were also strongly 

impacted by SAs, as this year recorded the most 

scar–type reactions (seven in total) from all event 

years in the chronology. Few other years (e.g., 1997, 

1991) reached the threshold of AAI >10%, but they 

were not considered as event years because less 

than three trees showed severe or moderate growth 

disturbances. 

 

Figure 4 Examples of disturbed trees sampled and their 

growth reactions related to mechanical impact of SAs: (a) 

wounded tree due to mechanical impact of the avalanche 

and scar (SC) overgrown by subsequent tree rings and as-

sociated rows of traumatic resin ducts (TRDs) in the fol-

lowing rings after the disturbance; (b) tilted (sabre-like 

form) stem and its associated growth reaction, a compres-

sion wood (CW) sequence formed in several rings after 

the disturbance; (c) topped (apex loose) tree stem and as-

sociated growth suppressed (GS) rings 
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Table 1 Type, intensities and number of growth disturbances identified within rings and used in the SAs reconstruction 

 

 

Figure 5 Reconstructed SAs chronology 

 

Figure 6 Intensity of growth disturbances expressed as Weighted index (Wit) calculated for the reconstructed SAs years  

 SC 
strong 

TRD 

moderate 

TRD 

weak 

TRD 

strong 

GS 

moderate 

GS 

weak 

GS 

strong 

CW 

moderate 

CW 

weak 

CW 

Trees 

aged 

> 10 

Affected 

trees 

AAI 

(%) 

Wit 

(%) 

2018 6 5 0 0 0 0 0 0 0 0 53 6 11 3.3 

2016 4 5 2 7 0 0 0 0 0 0 56 7 13 4.1 

2014 6 6 1 12 0 1 3 0 0 2 57 9 16 6.9 

2012 7 8 4 3 0 0 1 1 0 4 56 12 21 12.4 

2010 3 1 4 8 0 2 1 0 1 0 53 8 15 5.2 

2008 5 5 0 3 3 1 1 0 0 1 49 8 16 6.3 

2007 5 7 6 3 3 3 5 7 0 3 46 17 37 28.1 

2005 5 8 3 8 4 0 1 1 1 8 39 13 33 20.3 

1999 0 1 4 5 1 0 3 0 0 3 29 5 17 3.6 

1997 3 1 0 1 0 0 4 0 0 0 26 3 12 1.7 

1994 0 1 2 2 0 0 0 0 0 0 25 3 12 1.5 
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For each event year in the reconstructed chro-

nology, a Weighted Index (Wit) was calculated based 

on the intensity of the GDs, in order to assess the 

impact of the SAs on the sampled trees (Fig. 6). SAs 

which occurred during the winter seasons 2004–

2005, 2006–2007, and 2011–2012 not only have 

been confirmed by a highest number of affected 

trees, but also by the highest number of the GDs of 

strong intensities. The other reconstructed event 

years show lower values of the Wit. Figure 7 presents 

some examples of the spatial extension of SAs 

where in the winter seasons 2004–2005, 2006–2007 

and 2011–2012 the entire path was affected. 

 

5. Discussion 

One of the limits of the dendrogeomorphic ap-

proach applied here to reconstruct SAs history is 

that it enabled to reconstruct the occurrence of a 

single SA per winter season, even if more than one 

SA occurred during the same winter period. More-

over, high–magnitude SAs are usually recorded by a 

high number of trees distributed spatially across the 

entire path, while low–magnitude SAs may not 

reach with sufficient velocity and impact all the trees 

inside the path, and consequently are not recorded. 

Spatial location of trees within the path has poten-

tially a major influence on the possibilities to recon-

struct SAs in different path sectors. 

Trees, depending on their location on the left, 

median or right sides of the upper track area, may 

potentially be impacted by both low–magnitude 

and high–magnitude SAs, while trees located in the 

runout area are disturbed by those major SAs affect-

ing the entire path. In this respect, considering the 

location of sampled trees within the Cârja path 

mainly on the left and right sides of the track area, 

we are aware that not all SAs have been recon-

structed based on tree–ring analyses. Therefore, the 

results of the present study should be considered 

only as a minimum chronology of SAs activity along 

the Cârja path. An improved SAs chronology could 

be obtained by combining the tree–ring reconstruc-

tion with historical archives such as reported else-

where (Corona et al., 2010b; Tumajer and Treml, 

2015). In areas devoid of forest vegetation, other 

indirect information may be obtained regarding the 

patterns of SAs activity (SAs type, frequencies), ei-

ther on short–term, as well as on long–term period. 

During successive campaigns, field observations 

may concern the geomorphic impact of SAs, and 

particularly the characteristics of transported debris 

by SAs, e.g., boulder size and orientation, plunging 

marks, colluvial cone deposit stratigraphy, etc. 

(Rapp, 1959, Nyberg, 1988, Decaulne and Sae-

mundsson, 2006). Unfortunately, the lack of his-

torical records in the Parâng Mountains and there-

fore tree–ring reconstruction cannot be completed 

by this source of information. A single event docu-

mented by newspapers and witnessed by members 

of Mountain Rescue Public Service (MRPS) occurred 

in December 1st 2017, and related with the loss of 

one human life. Therefore, tree–ring reconstruction 

may be considered as the method closest to abso-

lute dating of SAs activity that can be used presently 

in the study area. The scientific community shows 

different opinions regarding the suitable sample size 

and the minimum threshold value of AAI to consider 

an avalanche event (Decaulne et al., 2012). By com-

paring historical archives with dendrogeomorphic 

reconstructions, Corona et al. (2012) suggested a 

sample size of approximately 100 trees in order to 

obtain a more complete SAs chronology. Some au-

thors reported sample sizes less than 20 trees unre-

liable for avalanche reconstruction (Butler et al., 

1987). The minimum threshold of AAI should be 

variable depending on the sample size, varying from 

10% (Boucher et al., 2003; Dubé et al., 2004; Ger-

main et al., 2005; Reardon et al., 2008) to 40% for 

the identification of high–magnitude events (Butler 

and Malanson, 1985; Muntán et al., 2009). However, 

there is no general agreement on defining a specific 

sampling size which may be applied in all tree–ring 

reconstructions of SAs. Although a sampling size 

around 100 trees could be useful in some mountain 

areas with large paths (Corona et al., 2010b), in oth-

er mountain areas with small paths and/or less 

dense tree cover may not be applied. Choosing a 

suitable sampling size to reconstruct SAs in an area 

is still subjective by the expert judgement and de-

pends on various sampling strategies applied, avail-

able trees for sampling, sample type which may be 

obtained (discs, wedges or cores), various resources 

involved during field–sampling (time, experts, 

equipment, etc.). 
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Figure 7 Spatial distribution of disturbed trees for winter seasons: 1996–1997, 2004–2005, 2006–2007, 2011–2012 and 

2017–2018 

In the present study, giving the morphometric 

features of the investigated path (relatively small 

size, confined path), the small density of tree cover 

inside the path, the possibility to collect samples of 

high quality (discs) due to availability of the uproot-

ed trees left after the 2017 SA event, and the limited 

time resources dedicated to field investigations, a 

medium sample size was considered as suitable. A 

minimum threshold of 10% was used and consid-

ered suitable to reconstruct past SA events, but we 

are aware that a larger sample size would likely en-

able to extent the chronology and improve the his-

torical reconstruction of past SA events. However, it 

is also interesting to mention that some of the re-

constructed SA winters have also been documented 

in the Romanian Carpathians. Indeed, the years 

2005 and 1997 were also recorded in the previous 

tree. The scientific community shows different opin-

ions regarding the suitable sample size and the min-

imum threshold value of AAI to consider an ava-

lanche event (Decaulne et al., 2012). By comparing 

historical archives with dendrogeomorphic recon-

structions, Corona et al. (2012) suggested a sample 

size of approximately 100 trees in order to obtain a 

more complete SA chronology. Some authors re-

ported sample sizes less than 20 trees unreliable for 

avalanche reconstruction (Butler et al., 1987). The 

minimum threshold of AAI should be variable de-

pending on the sample size, varying from 10% (Bou-

cher et al., 2003; Dubé et al., 2004; Germain et al., 

2005; Reardon et al., 2008) to 40% for the identifica-

tion of high–magnitude events (Butler and Malan-
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son, 1985; Muntán et al., 2009). However, there is no 

general agreement on defining a specific sampling 

size which may be applied in all tree–ring recon-

structions of SAs. Although a sampling size around 

100 trees could be useful in some mountain areas 

with large paths (Corona et al., 2010b), in other 

mountain areas with small paths and/or less dense 

tree cover may not be applied. Choosing a suitable 

sampling size to reconstruct SAs in an area is still 

subjective by the expert judgement and depends on 

various sampling strategies applied, available trees 

for sampling, sample type which may be obtained 

(discs, wedges or cores), various resources involved 

during field–sampling (time, experts, equipment, 

etc.). ring–based chronologies either from Parâng 

Mountains (Pop et al., 2016; Meseşan et al., 2019) 

and other mountain ranges in the Southern and 

Eastern Carpathians (Voiculescu and Onaca, 2013; 

Chiroiu et al., 2015; Pop et al., 2017; Pop et al., 

2020). In that regard, further investigations on other 

avalanche paths in Parâng Mountains are needed, in 

order to analyse the weather conditions and pat-

terns that are likely favourable to the triggering of 

SAs at a regional scale in the Carpathian Range. 

 

6. Conclusions 

The type, amount and intensities of growth disturb-

ances found within the tree rings enabled the recon-

struction of SA history for the period 1994–2018. 

Within the investigated avalanche path, the tree–

ring based chronology shows the occurrence of a 

minimum of 11 significant SA events, with an aver-

age return period of 2.1 years. Tree–ring records 

provided the most consistent avalanche chronology 

and may further contribute to an accurate avalanche 

hazard zonation in the study area. As most of the 

avalanche paths in the area are crossed by tourist 

hiking trails, reconstruction of SAs activity over the 

last decades should be extended to the whole 

Parâng Mts., in order to improve the risk assessment 

at a regional scale. The results of the present study 

and other similar studies can help the Mountain 

Rescue Team and local administration in increasing 

the awareness about SAs location, frequency, and 

magnitude. Finally, although the limited extension 

of the chronology back in time, this represents 

nonetheless useful and pertinent information to 

consider before the implementation and develop-

ment of infrastructure in this mountain avalanche–

prone area. 
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