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Abstract
This study examines the complex interplay between snowpack dynamics and tree growth in the Ti-
giretsky Ridge region, utilizing a combination of tree-ring chronologies and snowpack data from 2013 
to 2020. Employing the Temperature-Based Melt-Index Method, we accurately assessed the maximum 
snowpack water equivalent during winter months, revealing significant spatial variability influenced 
by elevation, slope aspect, and proximity to watersheds. Our findings indicate an asymmetrical dis-
tribution of snow cover, with higher snow reserves on the southern slopes at lower elevations and a 
reversal at higher altitudes. Notably, near watershed areas, snow reserves on the northern slope can 
exceed those on the southern slope by a factor of 30. The analysis also highlights the positive correla-
tion between increased snowpack water equivalent and radial growth of Abies sibirica L. within the 
ecotone of the upper timberline, suggesting a significant ecological response to changing snow condi-
tions. These insights contribute to a deeper understanding of how climate variability impacts snow-
vegetation interactions in mountainous ecosystems, laying the groundwork for future research aimed 
at unraveling the underlying mechanisms of these relationships.
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Introduction

Snow cover is a crucial ecological component that influences both biotic and abi-
otic factors within ecosystems. Its high reflectivity alters surface albedo, while its 
insulating properties affect heat transfer rates between the soil and atmosphere, 
impacting soil freezing depth and overall energy balance in the area. Additionally, 
snow cover plays a pivotal role in the water regime of ecosystems in various regions 
worldwide, dictating river flow, soil moisture, and more. By modifying hydrother-
mal conditions, snow cover influences the life processes of plant and animal spe-
cies, affecting their spatial and temporal distribution, productivity, and phenology 
(Nefedeva, Yashina 1985).

However, snow cover observations conducted by meteorological services are 
often limited to localized areas. At best, these observations can only be correlated 
with zonal natural structures. This issue is particularly pronounced in mountain-
ous regions, where the labor-intensive nature of ground-based snow measurements 
increases alongside the number of variables affecting snow distribution, such as 
altitude, slope exposure, and ridge orientation relative to air mass transport. Con-
sequently, these challenges hinder the quantitative assessment of the ecological sig-
nificance of snow cover and complicate predictions regarding ecosystem states in 
the context of climate change.

The rapid advancement of remote sensing technology is providing solutions to 
many of these challenges. Satellite imagery enables the assessment of snow cover 
phenology and its spatial distribution at specific time points (Hao et al. 2022; Jing et 
al. 2022; Zschenderlein et al. 2023). This capability allows for the transition to quan-
titative indicators of snow cover, including the mapping of snow extent, assessment 
of snow duration, and ultimately, the estimation of snow water reserves.

Various approaches exist for estimating snow water reserves, with one of the 
most widely used being the Temperature-Based Melt-Index Method (Glaciological 
Dictionary 1984). This method quantifies the relationship between air temperature 
and the amount of snowmelt in water equivalent. Specifically, it defines the melting 
temperature coefficient as the amount of water equivalent (in millimeters) generated 
per day for every degree Celsius of positive average daily temperature. Historically, 
the relationship between melting rates and air temperature was first substantiated 
by Hann (1908) and Ahlmann (1924) in their investigations of glacial altitudes. The 
method was later adapted in the USSR by researchers such as Krenke and Khodakov 
in 1966, and further studies (Kotljakov et al. 1981) reinforced its relevance. Today, 
this method continues to be applied in hydrological and glaciological studies (Reeh 
1989; Lang and Braun 1990; Braithwaite 1995; Hock 1999), including in the Altai 
region (Iglovskaya, Narozhny 2010).

Improvements to the method typically involve incorporating additional vari-
ables such as solar radiation and wind (Lang 1978). However, research by Ohmura 
(2001) demonstrates that these enhancements can complicate calculations and may 
require data that are not consistently available. The primary advantages of the Tem-
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perature-Based Melt-Index Method lie in its accuracy, the widespread availability of 
air temperature data, and its straightforward spatial interpolation capabilities.

The necessity of employing this method in the Altai mountainous region stems 
from the limited availability of ground-based weather stations. Most of these sta-
tions are situated in valley bottoms at lower altitudes, providing an incomplete rep-
resentation of snow cover distribution across varying elevations. This limitation 
complicates our understanding of how snow cover influences altitudinal zonation, 
vegetation productivity, and other related factors.

In light of these considerations, the aim of our study is to establish quantitative 
indicators of snow cover on the Tigiretsky Ridge by utilizing seasonal snow line data 
obtained through remote sensing. We will identify the geographical distribution of 
snow cover and analyze its impact on vegetation productivity.

Materials and methods

The study area encompasses the western part of the Tigiretsky Ridge and its adjacent 
regions, including the basins of the Ini and Belaya rivers (tributaries of the Charysh 
River) located in Russia, and the Beloporozhnaya Uba River (a tributary of the Uba 
River) in Kazakhstan. This landscape is classified as mountainous, characterized by 
low- and medium-mountain subclasses ranging from 500 to 2000 meters above sea 
level (m a.s.l.), along with intermountain-basin subclasses (Chernykh, Samoilova 
2011). The primary landscape types in the region include tundra, alpine meadows, 
forests, and forest-steppe, with forests covering approximately three-quarters of the 
area. Notably, this region marks the northwestern edge of the Altai Mountain Re-
gion.

Winter precipitation is primarily associated with cyclones linked to the Arctic 
front, contributing to 85 to 90% of total snowfall in the study area (Egorina, Revy-
akin 2022; Climate… 2009). The Tigiretsky Ridge acts as a barrier to the westward 
movement of air masses; some of these masses are partially diverted, resulting in 
a “barrier shadow” effect (Egorina 2003). This phenomenon leads to reduced pre-
cipitation levels in the Tigirek-Inskaya basin compared to other areas at similar al-
titudes. For instance, snow depth and snowpack water equivalent at Tigirek (480 
m a.s.l.) consistently fall short of values observed in Zmeinogorsk (354 m a.s.l.), 
Shemonaiha (320 m a.s.l.), and the Marinikha Cordon of the Tigirek Reserve (490 
m a.s.l.) (see Fig. 1). This discrepancy is not only due to lower precipitation but also 
influenced by föhn winds, which can trigger thawing conditions.

Snowpack water equivalent increases significantly with altitude. Instrumental 
observations indicated that in February 1988, the maximum snowpack water equiv-
alent reached 138 mm at an altitude of 354 m in Zmeinogorsk (with a 1991–2020 
average of 125 mm), while at 1600 m, it soared to 982 mm (Bykov et al. 2024). In 
March 1987, the values were 213 mm and 1396 mm, respectively (Bykov et al. 2021). 
Other studies indicate that snow reserves at the upper timber line can exceed 1500 
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mm, and on leeward slopes, snow accumulations due to drifting can reach up to 
5000 mm, corresponding to snow depths of 2 to 3 meters (Revyakin, Kravtsova 
1977; Revyakin 1981). The gradients of maximum snow reserves in the Altai-Sayan 
region can vary from 15 to 100 mm per 100 m of altitude, with notably high values 
recorded in both our study area and the Kuznetsk Alatau.

This study aims to achieve several objectives: 1) identifying the position of snow 
cover during the spring and summer months using satellite data; 2) calculating the 
melting temperature coefficient based on Zmeinogorsk weather station data; 3) 
summing average daily air temperatures across varying altitudes for specific dates; 
4) determining maximum snow reserves via the Temperature-Based Melt-Index 
Method across different altitudes; 5) creating a map depicting maximum snow re-
serves based on calculated figures and snow cover positions derived from satel-
lite imagery; and 6) assessing the influence of snow cover indicators on the radial 
growth of trees.

The primary source of remote sensing information for this study was satellite 
imagery from Sentinel-2. This multispectral data, with spatial resolutions ranging 
from 10 to 60 meters across the visible, near-infrared (VNIR), and shortwave in-
frared (SWIR) spectral bands, comprises 13 spectral channels. We analyzed seven 
scenes from the active snowmelt period of 2021, specifically from May 2, May 4, 
May 24, May 29, June 6, June 16, and July 3. Images captured on other dates dur-
ing the spring-summer period were excluded from analysis due to significant cloud 
cover.

For automated snow cover mapping, we employed the Normalized Difference 
Snow Index (NDSI), as described by Hall et al. (1995) and Hall and Riggs (2011). 
This index quantifies the difference in light absorption between the shortwave infra-
red (SWIR) and visible green regions of the electromagnetic spectrum:

NDSI = (Green – SWIR1) / (Green + SWIR1),

where "Green" represents reflectance in the green spectrum and "SWIR1" rep-
resents reflectance in the shortwave infrared region. After calculating the NDSI, we 
generalized the data using a majority filter with a threshold of 3 pixels to minimize 
errors along contour boundaries.

Terrain data was derived from the Forest and Buildings Removed Copernicus 
Digital Elevation Model (FABDEM), which provides global terrain information 
with a resolution of 30 meters between 60° south latitude and 80° north latitude. 
This dataset is based on the Copernicus DEM, with forest and building features 
removed.

To establish the temperature coefficient of melting specific to the region, we 
analyzed average daily air temperatures, daily precipitation amounts, and snowpack 
water equivalent data sampled on specific dates from the Zmeinogorsk weather sta-
tion between 2013 and 2021 (Table 1). We also utilized data from automatic weather 
stations within the Tigirek Reserve, located at altitudes of 480 and 1530 m a.s.l. 
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These data were used to interpolate average daily temperatures for altitudes in be-
tween and then extrapolated up to 2000 m a.s.l.

Using the calculated sums of positive average daily temperatures for specific 
dates and altitudes, along with the determined melting coefficient, we established 
maximum snow reserve values at those altitudes. 

Figure 1. Snow depth (cm) during the winter period of 2022–2023 at weather stations 
in Zmeinogorsk (Russia), Shemonaikha (Kazakhstan), and observation sites of the Tigirek 
Nature Reserve (Russia) at the Tigirek and Marinikha cordons. 

Table 1. Calculation of the coefficient of melting of snow cover in water equivalent per one 
degree of positive average daily air temperatures at the Zmeinogorsk weather station for 
2013–2021
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Date 1 Date 2 Date 1 Date 2 Melting 
layer

2013 05.Mar 10.Mar 198 182 16 2.9 5.5 29.1 6.3 7.7

10.Mar 15.Mar 182 172 10 7.6 1.3 4.5 1.8 1.5

15.Mar 20.Mar 172 122 50 4.8 10.4 8.2 5.5 11.6

25.Mar 31.Mar 99 43 56 18.6 3.0 18.1 0 3.0

31.Mar 05.Apr 43 41 2 6.2 0.3 17.8 14.1 2.6

05.Mar 05.Apr 198 41 157 29.1 5.4 79.9 36.3 6.6

2014 15.Mar 20.Mar 108 61 47 14.2 3.3 8.2 0 3.3

05.Mar 20.Mar 120 61 59 17.3 3.4 17.3 11 4.0

2015 20.Mar 25.Mar 156 90 66 10.6 6.2 14.1 0 6.2

25.Mar 31.Mar 90 97 -7 2.4 - 25.2 14.7 3.2

20.Mar 10.Apr 156 78 78 13.3 5.9 35.5 21.4 7.5
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The ecological impact of snow cover is significant, extending well beyond the 
winter season, particularly in areas where its quantitative characteristics are pro-
nounced (Bykov et al. 2023; Kirdyanov et al. 2003). We further explored the influ-
ence of snow cover indicators on the radial growth of trees situated in elevations 
with substantial snow cover. For this investigation, we collected 30 cores from 15 
trees at each site (Table 2), following established dendroclimatic methodologies 
(Shiyatov et al. 2000). Three tree-ring chronologies were developed from various 
sites (Bykov et al. 2022). In addition, we calculated the maximum snow reserves 
for the years 2013 to 2020 at the locations where these tree-ring chronologies were 
collected.

Years Period Water reserve, mm
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Date 1 Date 2 Date 1 Date 2 Melting 
layer

2016 15.Mar 20.Mar 167 137 30 5.9 5.1 9.8 7 6.3

25.Mar 31.Mar 137 51 86 20.6 4.2 19.2 0 4.2

15.Mar 31.Mar 167 51 116 29.4 3.9 46 11.4 4.3

2017 25.Mar 31.Mar 128 47 81 22.6 3.6 14.1 0 3.6

31.Mar 05.Apr 47 13 34 5.8 5.9 10.2 8.2 7.3

25.Mar 05.Apr 128 13 115 26.1 4.4 22.5 8.2 4.7

2018 20.Mar 31.Mar 51 33 18 30.7 0.6 71.9 41.2 1.9

20.Mar 05.Apr 51 35 16 30.7 0.5 73.3 42.6 1.9

2019 10.Mar 15.Mar 145 140 5 1 5.00 0 0 5.0

25.Mar 31.Mar 152 83 69 17.1 4.0 3.5 3.5 4.2

10.Mar 31.Mar 145 83 62 21.9 2.8 13.1 1.2 2.9

2020 10.Mar 15.Mar 310 306 4 4.5 0.9 4.8 4.1 1.8

15.Mar 20.Mar 306 218 88 17.3 5.1 2.7 0 5.1

20.Mar 25.Mar 218 173 45 6.7 6.7 8.2 0 6.7

31.Mar 05.Apr 198 103 95 28.8 3.3 3.3 0 3.3

05.Apr 10.Apr 103 14 89 30.9 2.9 5.2 0 2.9

31.Mar 10.Apr 198 14 184 53.8 3.4 8.5 0 3.4

15.Mar 10.Apr 310 14 296 78.9 3.7 30 4.8 3.8

2021 20.Mar 25.Mar 213 195 18 7.6 2.4 10 9 3.5

25.Mar 31.Mar 195 187 8 3.3 2.4 31.8 12.4 6.2

31.Mar 05.Apr 187 179 8 4.5 1.8 0 0 1.8

05.Apr 10.Apr 179 62 117 23.7 4.9 5.4 0 4.9
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Table 2. Geographical location of the studied trees

Species Coordinates Absolute 
elevation of 
the terrain, m

Exposition Slope
Northern 
latitude

Southern 
latitude

Larix sibirica L. 51.0862 83.0076 1286 South-East 2°
Abies sibirica L. 51.0391 82.9593 1430 East 12°
Pinus sibirica Du 
Tour

51.0451 82.9894 1535 North-West 6°

Results and discussion

To calculate the snowmelt temperature coefficient for the snow cover, we utilized 
data from the Zmeinogorsk weather station, which included measurements of 
snowpack water equivalent along designated routes, daily precipitation amounts, 
and average daily air temperatures at a height of 2 meters, spanning the years 2013 
to 2021. A total of 33 data cases were analyzed (see Table 1). Our findings indicate 
a strong correlation between the sums of average daily air temperatures and the 
corresponding snowmelt layers during the specified periods (Fig. 2), with a cor-
relation coefficient of 0.88. This relationship can be leveraged, in conjunction with 
the altitudinal distribution of positive average daily air temperatures, to estimate 
snow reserves across varying elevations. However, this estimation faces limitations, 
particularly due to solid precipitation occurrences during the specified periods. 
Factoring in these precipitation events on days with negative average temperatures 
marginally improved the correlation between the examined parameters (Fig. 3). The 
melting temperature coefficient exhibited considerable variability, ranging from 0.3 
to 10.4 mm/°C (Table 1). Notably, between March 25 and 31, 2015, one calculated 
instance even yielded a negative melt coefficient, as snow cover increased during 
this time. Nonetheless, the average coefficient was determined to be 3.7 mm/°C of 
positive average daily air temperature. 

After accounting for atmospheric precipitation during periods when daily aver-
age air temperatures were negative, the revised average melt factor was found to be 
4.3 mm/°C of daily average air temperature. This value was subsequently applied to 
compute snowpack water equivalents at various altitudes. The range of melt values 
for specific periods was substantial, oscillating between 1.8 and 11.6 mm (Table 1). 

The computation of daily average air temperatures across different altitudes 
within the study area was facilitated by the high similarity in temperature profiles 
among several nearby meteorological stations surrounding the Tigiretsky Ridge. 
These included two state network stations—Shemonaikha (Kazakhstan, 320 m 
a.s.l.) and Zmeinogorsk (355 m a.s.l.)—as well as two stations from the Tigirek Re-
serve: Tigirek (480 m a.s.l.) and Babiy Klyuch (1530 m a.s.l.). The correlation coef-
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ficients among the datasets from the first three meteorological stations ranged from 
0.96 to 0.99.

The correlation coefficients between "Babiy Klyuch" and the "Tigirek" and 
"Zmeinogorsk" stations during the summer months ranged from 0.82 to 0.95, 
enabling us to reconstruct warm-season air temperature data (April to October) 
at this higher elevation using data from lower-elevation stations. However, cor-
relations between the "Zmeinogorsk" and "Babiy Klyuch" stations during winter 
months were significantly weaker (Table 3), compromising the accuracy of adjust-
ing Zmeinogorsk station data for Babiy Klyuch.

Figure 2. The dependence of snow cover melting on the sums of positive average daily air 
temperatures along the snow courses of weather station Zmeinogorsk from year 2013 to 
year 2021.

This relationship weakness can be attributed to several factors, including the 
presence of winter air temperature inversions, the icing of instruments during 
snowfall, and the immersion of sensors in accumulated snowpack due to significant 
snowfall and blizzard events. Nonetheless, during the spring and summer when 
snowmelt occurs, the correlation remains satisfactory.

After interpolating and extrapolating daily average air temperatures for various 
altitudes, cumulative temperature values were calculated for the satellite imagery 
acquisition dates—May 2, May 4, May 24, May 29, June 6, June 16, and July 3 (Table 
4). To estimate the snowpack water equivalent, we applied a thermal melt factor of 
4.3 mm for each degree of daily average positive air temperature (Table 5).
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Figure 3. The dependence of snow cover melting on the sums of positive average daily air 
temperatures along the snow courses of weather station Zmeinogorsk from year 2013 to 
year 2021, taking into account the precipitation that occurred during periods of negative air 
temperatures.

Table 3. Regression relationship of average daily air temperatures at the Zmeinogorsk and 
Babiy Klyuch weather stations

Month The years used to construct 
the equation

The equation Coefficient of 
determination
R2

January - - Below 0.3
February 2013, 2020, 2021 y = 0.5879x - 6.0837 0.4943
March 2013, 2020, 2021 y = 0.8138x - 5.3819 0.6135
April 2012, 2013, 2020, 2021 y =  0.8701x - 4.4912 0.7851
May 2012, 2013, 2020 y = 1.0578x - 7.9718 0.8199
June 2014, 2017, 2019 y = 1.1949x - 9.6022 0.8634
July 2012, 2014, 2018–2020 y = 1.1251x - 7.9423 0.7773
August 2012, 2016, 2018, 2019 y = 1.1x - 7.466 0.7879
September 2012, 2016, 2018, 2019 y = 1.0001x - 5.328 0.6575
October 2012, 2016, 2018, 2019 y = 0.9744x - 5.2394 0.7357
November 2012, 2020 y = 0.5497x - 6.5685 0.5039
December 2020 y = 0.5287x - 5.0891 0.5901
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Table 4. The sums of positive average daily air temperatures calculated for the Tigireki 
Ridge in 2021

Elevation 
above sea 
level, m

The sum of the average daily air temperatures for specific dates
May 2nd May 4th May 24th May 29th June 6th June 16th July 3rd

500 162 181.6 430 513.1 643.3 792.4 1056.4
600 137.1 158.1 393.9 474.3 600.4 743.8 1000.5
700 120.9 139.9 363.5 443.5 564.3 704.8 955.5
800 105.7 122.9 336.8 413.7 531.9 666.9 911.5
900 92.7 108 312.6 386.1 501.6 631.1 869.7
1000 77.9 94.2 288.4 359.6 472.1 596.4 855.1
1100 68.1 82.2 266 334.9 444.0 563.5 821.2
1200 59.7 71.7 245.1 312.2 417.2 532.3 789.4
1300 51.9 62.4 226.6 290.8 393.2 503.2 758.8
1400 44.9 54.3 208.6 270.6 369.6 474.8 729.4
1500 38.6 46.9 191.5 251.1 346.7 447.2 700.8
1600 30.5 45.9 181.6 240.8 325.0 498.6 629.6
1700 28.4 43.3 170.1 227.0 307.2 480.8 604.1
1800 28.0 42.3 160.3 215.1 291.2 464.8 580.6
1900 29.1 42.9 152.4 204.9 277.0 450.6 559.1
2000 31.9 45.1 146.3 196.6 264.6 438.2 539.6

Table 5. The potential snowmelt layer calculated for the Tigiretsky Ridge by the Tempera-
ture-Based Melt-Index Method in 2021

Elevation 
above sea 
level, m

The sum of the average daily air temperatures for specific dates
May 2nd May 4th May 24th May 29th June 6th June 16th July 3rd

500 697 781 1849 2206 2766 3407 4543
600 590 680 1694 2039 2582 3198 4302
700 520 602 1563 1907 2426 3031 4109
800 455 528 1448 1779 2287 2868 3919
900 399 464 1344 1660 2157 2714 3740
1000 335 405 1240 1546 2030 2565 3677
1100 293 353 1144 1440 1909 2423 3531
1200 257 308 1054 1342 1794 2289 3394
1300 223 268 974 1250 1691 2164 3263
1400 193 233 897 1164 1589 2042 3136
1500 166 202 823 1080 1491 1923 3013
1600 131 197 781 1035 1397 2144 2707
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To produce a map indicating maximum snowpack water equivalent, we first 
constructed a snow cover distribution map (Fig. 4) for the specified dates. This dis-
tribution map highlights the complex geographic factors that affect snowpack for-
mation. Notably, we observed the presence of a barrier shadow within the Tigirek-
Insk depression, leading to earlier snowmelt in this area compared to equivalent 
altitudes along the southern slopes of the Tigiretsky Ridge. This pattern is consistent 
up to an elevation of 1000 meters above sea level. Conversely, on the northern mac-
roslope within the watershed area, snow cover persists longer, likely due to greater 
snowpack accumulation from blizzards and the formation of persistent snow patch-
es. During the summer months, particularly in July and August, these patches con-
tribute to hydrological processes and water availability in the region.

Fig. 5 illustrates the spatial distribution of snowpack water equivalent across the 
elevations of interest, revealing considerable asymmetry between the southern and 
northern slopes of the Tigiretsky Ridge. Specifically, at altitudes ranging from 500 
to 1200 meters above sea level, the southern macro-slope exhibits higher snowpack 
water equivalents than its northern counterpart. However, this trend reverses at 
elevations between 1200 and 1500 meters, where the snowpack water equivalent on 
the northern macro-slope significantly exceeds that on the southern slope (Table 6). 
These findings align with the theoretical perspectives on asymmetrical snow distri-
bution noted by V.P. Galakhov (2003).

Particularly noteworthy are the observations near the ridgelines, where snow-
drift phenomena exacerbate the differences between slopes. For instance, during 
March 2021, maximum snowpack water equivalents measured at the southern 
macro-slope between 1800 and 2000 meters ranged from 120 to 125 mm, whereas 
the northern slope recorded values soaring between 3000 and 3700 mm or higher. 
Consequently, snow patches form on the northern slope near these ridgelines; some 
of these patches endure through the summer months and may even evolve into per-
manent snowfields in certain years. The thin snow cover and high wind conditions 
prevalent near the ridgelines on the southern macro-slope result in a lower upper 
timberline compared to the northern slope. The accumulation of significant snow-
drifts after initial snowfall near ridgelines on the northern macro-slope ensures that 
soil remains thawed throughout winter. This diverse distribution of snow cover en-
genders various ecological niches near the ridgelines, each characterized by distinct 
hydrothermal soil conditions.

Elevation 
above sea 
level, m

The sum of the average daily air temperatures for specific dates
May 2nd May 4th May 24th May 29th June 6th June 16th July 3rd

1700 122 186 731 976 1321 2067 2598
1800 120 182 689 925 1252 1999 2497
1900 125 184 655 881 1191 1938 2404
2000 137 194 629 845 1138 1884 2320
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The analysis of tree-ring chronologies collected from the area yielded insights 
into the climate sensitivity of trees in this region, with values ranging from 0.26 to 
0.35, and expressed population signal (EPS) values ranging from 0.85 to 0.98 (Ta-
ble 7). These parameters are vital for understanding the influence of climate fluc-
tuations on tree growth in this mountainous landscape. The sensitivity of tree-ring 
chronology, which reflects year-to-year variability with a satisfactory threshold of 
0.3 or higher, indicates how responsive tree growth is to climatic variations. Fur-
thermore, the EPS values suggest a robust representation of the tree population, 
deemed satisfactory when above 0.85, thus supporting the construction of credible 
site chronologies.

However, the chronologies associated with Pinus sibirica Du Tour, sampled be-
tween 100 and 150 meters from the watershed on the northern slope, exhibited 
weak performance, pointing to diverse local growth factors influencing tree devel-
opment in this particular area.

Figure 4. Position of snow cover on the Tigiretsky Range on specific dates in 2021.

Correlation analyses between tree-ring chronologies and meteorological data 
from Zmeinogorsk identified distinct climatic influences on various species. For 
Larix sibirica L., the radial increment was positively influenced by February pre-
cipitation and temperatures in June and July, while it showed a negative response 
to August temperatures. On the other hand, Abies sibirica L. demonstrated posi-
tive growth responses to June–July temperatures (especially in July) and adverse 
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responses to precipitation in May through August, particularly during July and Au-
gust. For Pinus sibirica, June–July temperatures proved favorable for growth, while 
precipitation during May to August negatively impacted its radial increment.

Interestingly, the correlation between snowpack data from the Zmeinogorsk 
station and tree-ring chronologies was generally low. Statistically significant corre-
lations were detected only for Abies sibirica, with maximum snowpack water equiv-
alent values along the course of (k = -0.27) and snow depth in October (k = -0.31) 
(Table 8). 

Figure 5. Maximum water content of snow cover on the Tigiretsky Range (Altai) in winter 
2020–2021.

Given the weak correlation between the snowpack measurements at 355 meters 
above sea level and the tree-ring chronologies derived from higher elevations of 
1300–1500 meters, we recalibrated the maximum snowpack water equivalent spe-
cifically for the areas from which dendrochronological samples were taken. This re-
calculation was constrained to the years 2013 to 2020, considering both the years of 
sample collection and the availability of satellite imagery. Despite the limited data, 
correlation analyses revealed a statistically significant relationship between the ring 
width indices of Abies sibirica and the maximum snowpack water equivalent at an 
altitude of 1500 meters above sea level. This finding suggests that an increase in the 
maximum snowpack water equivalent at this elevation indeed correlates with en-
hanced radial growth of Abies sibirica at altitudes of around 1400 meters.
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In conclusion, the interplay between snowpack dynamics, altitude, and climate 
on the northern and southern slopes of the Tigiretsky Ridge outlines a complex 
ecological framework. Continued research on these dynamics is essential for im-
proving our understanding of cryospheric processes and their implications for local 
ecology and hydrology.

Table 6. Distribution of snowpack water equivalent (mm) in 2021 on the northern and 
southern macroslopes of the Tigireki Range

Absolute elevation of the terrain, m The northern macroslope The southern macroslopes
500 54 300
600 63 500
700 259 602
800 455 737
900 464 872

1000 757 1008
1100 1049 1144
1200 1342 1342
1300 1691 1392
1400 1807 1442
1500 1923 1491
1600 2261 838
1700 2600 186
1800 2993 120
1900 3324 125
2000 3669 125

Table 7. Average correlation coefficient, expressed population signal и sensitivity site chro-
nology

Tree species Average correlation 
coefficient 

chronology

Expressed population 
signal

Sensitivity of site 
standardized TRC

Larix sibirica L. 0.24 0.93 0.35
Abies sibirica L. 0.59 0.98 0.30
Pinus sibirica Du Tour 0.16 0.85 0.26
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Conclusion

The Temperature-Based Melt-Index Method facilitates the accurate determination 
of maximum snowpack water equivalent during the winter months. An ecological 
and geographical interpretation of the acquired snow cover data enables the identi-
fication of differentiation patterns across the study area, influenced by factors such 
as elevation, slope aspect, and distance from watersheds. This approach also initi-
ates the exploration of relationships within the snow cover-river runoff and snow 
cover-vegetation systems.

Our findings reveal an asymmetrical altitudinal distribution of snow cover on 
the northern and southern slopes of the Tigiretsky Ridge. Specifically, at elevations 
between 500 and 1200 meters, maximum snow reserves are greater on the south-
ern slope, while higher elevations see an increase in snow reserves on the northern 
slope. The most pronounced differences in snow cover distribution between the 
slopes occur near watersheds, where snow reserves on the northern slope can ex-
ceed those on the southern slope by a factor of up to 30.

Additionally, the radial growth of trees responds variably to snow cover indica-
tors, influenced by both the trees' locations and their species composition. Notably, 
an increase in maximum snowpack water equivalent has been shown to positively 
affect the radial increment of Abies sibirica near the ecotone of the upper timberline. 
Future research should aim to uncover the underlying reasons for this relationship 
and to validate these findings through extended observation periods.
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Table 8. Correlation coefficients of the series of the maximum snowpack water equivalent 
(mm) and the indices of the ring width of site chronologies for 2013–2020

Tree ring chronology Maximum snowpack water equivalent
1300 m 1400 m 1500 m

Chronology of Larix sibirica L. -0.11 -0.47 -0.26
Chronology of Abies sibirica L. 0.25 0.63 0.81
Chronology of Pinus sibirica Du Tour 0.27 0.00 0.19
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