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 The article presents the results of the GIS modeling of the potential areas of the Northwest Caucasus coniferous and broad 
leaved forest stand dominants (Abies nordmanniana, Carpinus betulus, Fagus orientalis, Picea orientalis, Quercus species). The 
constructed models demonstrate the significantly wider potential areas of these species as compared with the real ones and the al-
most complete coincidence of the potential areas of dark coniferous tree species A. nordmanniana and P. orientalis. The precipitation 
parameter in the driest month of the year, altitude above the sea level and temperature seasonality make the greatest contribution to 
the construction of GIS models of the modern area of the dark coniferous and broad leaved tree species. The analysis of the materials 
on the natural resource management history demonstrated that it is not the climatic changes, but the anthropogenic changes, that has 
been the main cause of the reduction of the area of the coniferous-broad leaved forests of the Northwest Caucasus since the middle 
of the 19th century. The northern boundary of the forest belt has shifted significantly from the plains and foothills to the foothill and 
mountain areas as a result of the economic and military development of the area.
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The long history of anthropogenic transformation of the 
mountain ecosystems of the Northwest Caucasus has led to 
a significant deforestation of the slopes and the increase of 
such negative phenomena as avalanches, mudflows, rock 
falls, soil losses, animal and plant habitat area reduction 

-

the meadow and meadow-steppe vegetation in the North 
Caucasus and Transcaucasia is regarded as the result of the 
forest clearance in the historical time (Gulisashvili et al., 

secondary origin of the alpine belt on the southern slope of 
the Greater Caucasus. According to the results of the study 

by Tumadzhanov (1959) and Nozhenko (1968), the birch 
forests of the Elbrus region are also secondary forests that 
have arisen in the old clearings and fires. In this regard, it 
has become necessary to evaluate the degree of degrada-
tion of forest ecosystems and determine the possibilities for 
the restoration of the lost or disturbed plant communities.

At present, there are many geobotanical criteria for 
evaluation of the anthropogenic changes in vegetation 

-
-

ating their qualitative changes. The GIS modeling com-
puter programs, the number and introduction of which 
has recently grown rapidly, provide for an opportunity for 
quantitative assessment of anthropogenic degradation of 

2010). 
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The purpose of the study is the evaluation of the cur-
rent spread of forests in the Northwest Caucasus based on 
the GIS modeling data and the analysis of the data on the 
history of forest use in the area. 

The following tasks have been formulated to achieve 
this goal:

1)  the mapping of the potential areas of forest tree 
stands under the data of climatic bases and the alti-

2)  evaluation of the influence of climatic parameters 
and the altitude above the sea level on the bounda-
ries of the modern area of the dominant tree stand 
species 

3)  evaluation of the probably extent and causes of the 
reduction of the forest area of the Northwest Cau-
casus based on the historical and geographical data 
analysis.

The study area includes the mountain and foothill parts 
of the North-West Caucasus (to west of Mount Elbrus). 
In the administrative borders these are the southern dis-

Russian Federation. The study area is within the follow-
ing coordinates: in the north - about 44.8° N, in the south 
- 43.5° N, in the west - 38.5° E, in the east - 41.5° E. The 
distance from north to south is about 120 km, and the dis-
tance from west to east is about 450 km. According to the 
physiographic zoning the territory belongs to the Greater 
Caucasus, mostly to the Western high-mountainous prov-
ince (Gvozdetsky, 1963). The basis of this area is compli-
cated mountain structures. The first snowy peaks in the 
west are Mount Fisht and Oshten. In the eastern part of the 
study area the total height of the mountain ranges increases 
above 4000 meters – Mount Dombai-Ulgen (Gvozdetsky, 

1963). The study area is located on the border of the tem-
perate and subtropics zones. The climate is lukewarm. The 
average annual temperature is 5-7°C, the temperature of 
July and August is about 15 °C, January is 4-5°C below 
zero (Makunina, 1986). The amount of precipitation var-
ies from 500 to 3000 mm (Agroclimatic reference book…, 
1961). In the forest belt dominate brown forest soils and 
humus-calcareous soils.The vegetation of the Northwest 
Caucasus is represented by three main zonal types - conif-
erous-deciduous, deciduous forests and steppes. The for-
ests of the Northwest Caucasus are a complex set of beech 
forests, hornbeam forests, fir forests, pine forests, alders 
forests, ash and oak forests.

The data on the distribution of model tree species – tree 
stand dominants (Abies nordmanniana (Steven) Spach, 
Carpinus betulus L., Fagus orientalis Lipsky, Picea ori-
entalis (L.) Peterm., species of the genus Quercus L.) and 
dark coniferous forests (Abies nordmanniana and Picea 
orientalis) of the Northwest Caucasus. The distribution 
data (Table 1) have been obtained during the expedition-
ary studies of the authors in the period of 2014 to 2018 in 

The maps of the potential habitats of the model tree 
species have been created with Maxent 3.3.3k software 
(http://www.cs.princeton.edu/~schapire/maxent/). With the 
help of the color gradations, the obtained maps indicate the 
level of probability of finding a species at a particular point 
and determine the degree of influence of the environmental 
parameters (in %) on the boundaries of their distribution, 
that is, the contribution of each factor to the model con-

The maximum entropy method was used to determine the 
potential area of the model tree species. This method and 

Table 1. GIS modeling used amount of tree species finds 

Species Amount of points

1. Abies nordmanniana 389

2. Abies and Picea 415

3. Fagus orientalis 847

4. Picea orientalis 254

5. Quercus (Q. petraea , Q. robur and Q. hartwissiana) 361

6. Carpinus betulus 654

2920
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its uses are described in detail in a number of publications 
-

ers). The essence of the method lies in using the points of 
the species finding for determination of the environment 
characteristics that turn out to be similar for all the points 
of the species detection. The use of additional (climatic) 
databases helps to isolate the specific environmental pa-
rameters similar to the entire set of the analyzed points, 
and, on this basis, to identify a potential area suitable for 
the species distribution. Extrapolation of the probability 
of species finding in the analysed area is conducted for 
this purpose. 25% of the points were used for the resulting 
model testing. The sampling was carried out on the ba-
sis of the bootstrap approach. The number of the repeated 
replications of the model was set to 20. The regularization 
multiplier was set to 2.0. The rest of the program settings 
were left as is by default. The cumulative format was cho-
sen as the output format of the model values. 

The quality of the models has been estimated by the 
AUC (area under the curve) values – area under the ROC 
curve representing the proportion of true and false posi-

Fawcett, 2006) and the omission rate characterizing false 
negative cases (error of the second kind). The model qual-

the model accuracy corresponds to a random choice at 0.5 

The following layers from the WorldClim climate base 
(www.worldclim.org) were used in the modeling (mini-
mum resolution – 5 arc-minutes or ~ 9 km per pixel) 
which allow for interpolation of the observed data from 
the years of 1950 to 2000. Climatic layers:  – average 

 – temper-
 – maxi-

 – minimal tem-

 – annual amplitude tem-
 – average temperature in the 

 – average temperature in the driest 
 – average temperature in the warmest quar-

 – amount 
 – amount of 

 – precipitation 
 – amount of 

 – amount 
 – amount of 
 – amount of 

 – altitude above 
the sea level. 

The historical and geographical information on the 
North Caucasus forests have been obtained from the pub-

Prave Stavropol State Museum-Reserve archives. 

The analysis of the modeling of the areas of the poten-
tial distribution of the studied species of the coniferous-
broad leaved and dark coniferous forest stand dominants 
of the Northwest Caucasus has provided good results of the 
model performance (AUC parameter) as shown in Table 2. 
The maps obtained from these data reliably characterize 
the distribution of the studied species and dark coniferous 
forest communities.

The results of the spatial modeling of the area of the 
dark coniferous communities of the Northwest Caucasus 
has demonstrated that the potential area of these forests in 
modern climatic and orographic conditions is much wider 
than the real one with a probability of 55-73% or more 
(Fig. 1). Thus, in the interfluve of the Bolshaya Laba and 

Abies nordmanniana) and spruce (Picea 
orientalis) have been currently preserved only in the head-
waters of the Teberda, Aksaut, Bolshoy Zelenchuk, Urup 

Table 2. AUC parameter values obtained at distribution area modeling of model species and communities

Species/ Community

1. Abies and Picea 0.992 0.996

2. Abies nordmanniana 0.992 0.996

3. Picea orientalis 0.994 0.999

4. Quercus spp. 0.991 0.995

5. Fagus orientalis 0.990 0.993

6. Carpinus betulus 0.990 0.994
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and Bolshaya Laba rivers in the range of 1500 to 2500 
meters above the sea level, mainly within the boundaries 
of the specially protected natural areas (preserves and re-
serves). The potential range calculated with maxent soft-

ware has shown that the range of dark coniferous species 
can descend below 900 meters above the sea level: the 
northern boundary of the potential area of these forests 

-

Figure 1. The real and potential area of dark coniferous forests (Abies nordmanniana and Piceae orientalis) and the area of Nordmann 
fir (Abies nordmanniana) and oriental spruce (Piceae orientalalis) in the Northwest Caucasus. 

Note: The left column shows the maps of the location points (Locations) of the model species in the current forest borders (Forest), 
on the right - the potential area of model species and the contour isolines. The level of probability of finding a species at a specific 
point is indicated by the gradation of colors and shades. 
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Currently, the neighborhoods of the above settlements are 
treeless and are used for agricultural land, and the remain-
ing adjacent forests consist only of deciduous and, less 
commonly, pine forests. There are several reasons for this 
significant difference between the potential and real area 
of dark coniferous forests. First, the reduction of forests for 

and spruce after felling and a shortened felling turnover 
interval. Spruce and fir are typical late-successive species 

rate in the first 10 years of life is much lower than that 

spruce and fir in the early stages of succession are inferior 
to the broad-leaved tree species. Under the reduced felling 
turnover, which was from 5 to 30 years old from the middle 
of the 19th century (Akinfiyev, 1893), spruce and fir have 
been completely expelled from the foothill areas and sur-
vived only in the mountainous areas of the upper reaches 
on the steep slopes inaccessible for felling.

As a result of the spatial modeling, the modern poten-
tial area of two dark coniferous tree species, A. nordmanni-
ana and P. orientalis, almost completely coincided (Fig. 1). 
It is important to note that the modern real areas of these 
species have significant differences: A. nordmanniana in 
the Northwest Caucasus is widespread west of the eastern 
spruce, up to the head of the Pshekha river, and the western 
border of the eastern spruce area passes along the west-
ern border of the Malaya Laba river basin. According to 

and biology of these species without taking into account 
the anthropogenic effect. In our opinion, this is primarily 
due to the anthropogenic effect and the ability of fir to re-
cover faster after felling and fires. As compared to spruce, 
fir is better adapted to the environmental conditions (Or-

fir undergrowth grows faster than the spruce undergrowth 
(Bebia, 2002) with the formation of different age parcels 

preserved west of the Belaya river valley. The results of 
the spatial modeling of the potential areas of fir and spruce 
suggest that in the absence of the anthropogenic effect, the 
modern areas of fir and spruce could be not only wider, 
but also completely identical. This gas been indirectly con-
firmed by the high similarity of spruce and fir to environ-

The analysis of the contribution of climatic parameters 
and the altitude above the sea level to the construction of 
GIS models of the modern area of dark coniferous for-
ests, spruce and fir (Table 3) has demonstrated that the 
amount of precipitation in the driest month (30.4-32.6%) 
and the altitude of the relief above the sea level (19.1- 
25.3%) make the largest contribution. Also have high rates 
are isothermality (6.7-13.6%) considered as the ratio of the 
average temperature to the annual temperature amplitude, 
temperature seasonality (8.3-12.7%) and amount of pre-
cipitation in the warmest quarter of the year (8.5-9.8%). 

Beech (Fagus orientalis) is the most common of broad-
leaf tree species in the Northwest Caucasus forests found in 
85% of our geobotanical descriptions. Its area completely 
covers the area of deciduous and coniferous-broad leaved 
forests of the area. Oriental beech is often the dominant or 
codominant of plant communities. The calculated potential 
area of Oriental beech (Fig. 2) is significantly higher in the 
Northwest Caucasus only between the Bolshaya Laba and 

-

Cherkessk is almost completely developed for agricultural 
significant 

areas” of forests have been destroyed from the middle of 
the 19th century in this territory and the remaining forests 

secondary charac-
ter dominated by birch, aspen and black alder” (Tanfil’ev, 

Table 3. Contribution of climate parameters to GIS model plotting of modern area of dominant tree species (%)

Species/community alt bio2 bio 3 bio 4 bio 11 bio 12 bio 14 others

Abies and Picea 19.1 4.6 13.6 12.7 0.3 2.0 1.0 32.6 8.5 5.6

Abies nordmanniana 19.1 4.6 13.6 12.7 0.3 2.0 1.0 32.6 8.5 5.6

Picea orientalis 25.3 8.1 6.7 8.3 0.2 4.2 0.0 30.4 9.8 7.1

Quercus spp. 0.2 0.5 0.5 27.5 11.1 8.3 10.3 26 0.5 15.0

Fagus orientalis 0.3 2.2 0.5 22.9 11.2 10.4 10.9 25.6 1.5 14.6

Carpinus betulus 0.2 1.2 0.0 19.1 21.6 4.2 10.6 25.3 0.4 17.3
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forests with the oriental beech predominance in these areas 
at the beginning of the 19th century has been confirmed 
by a map of the potential area of the species. The border 

of the real and potential area has no significant differences 
in other parts.

Our computation have demonstrated (Table 3) that the 
precipitation amount in the driest month (25.6%) and the 

Figure 2. Real and potential area of broad leaved tree species (Fagus orientalis, Quercus spp. and Carpinus betulus) in the Northwest 
Caucasus.

Note: the left column indicates the maps demonstrating the locations of model species in the modern borders of forests (Forest), on 
the right – the potential area of model species and the isoline contour. The degree of probability of finding the species at a particular 
point is indicated by the gradation of colors and shades.
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temperature seasonality (22.9%) make the greatest contri-
bution to the plotting of GIS models of the modern orien-
tal beech area. The annual temperature amplitude (11.2%) 
and the amount of precipitation per year (10.9%) have 
high rates also. The oriental beech, as well as spruce and 
fir, are a typical mesophyte growing in the areas where 
precipitation is not less than 600 mm/year. The root sys-
tem of beech is shallow which makes this species ex-
tremely vulnerable to the moisture deficiency during the 
drought period (Packham et al., 2012). 

The potential area species of the genus Quercus 
(mainly Q. robur and Q. petraea) and Carpinus betulus, 
that are widespread in the Northwest Caucasus forests, 
coincides almost completely (Fig. 2). The upper limit of 
distribution of these species does not exceed 2000 meters 
above the sea level. As a rule, these species dominate or 
co-dominate in the early successional post-felling forests 
in the foothill and lowland areas of the forest belt of the 
Caucasus. According to the analysis of the contribution 
of climatic parameters to the modern area (Table 3), the 
main limiting factors for them are: precipitation in the 
driest month (25.3-26%), temperature seasonality (19.1-
27.5%) and annual temperature amplitude (11.1-21.6%). 
The significant contribution of the temperature regime is 
explained by their low frost resistance and thermophilic-

Thus, evaluation of the potential distribution of the 
tree stand dominants of coniferous-broad leaved forests of 
the Northwest Caucasus through the GIS modeling sug-
gests that the modern area of these forests and the stand 
dominants could be much wider. According to the long-
term climate studies within the 1965-2005 period, the for-
est growing conditions in the area significantly improved 
due to an increase in the amount of precipitation: by 66 
mm/year (12%) in lowland areas, and by 132 mm (up to 
17.5%) in foothill areas (Zaurbekov, 2012). However, the 
forest area continued to decrease which can be explained 
by the anthropogenic effect (logging, forest clearance for 
agricultural land, fires, etc.). The evaluation of the his-
torical and geographical materials given below, confirms 
this assumption.

The most massive destruction of the forests of the 
North Caucasus began during the Russian colonization 
of the region. It can be divided into two main stages: the 
first stage (military development stage) (the end of the 
18th century – the beginning of the 19th century) is as-
sociated with the forest clearance for military operations 

(the middle of the 19th century – the end of the 20th 
century) – with the stage of economic development of 
the region by the immigrants from the central regions of 

and others). 

Stage I. The urgent need for the forest clearance around 
fortresses for the security purposes arose at the end of 
the 18th century in connection with the construction of 
the Azov-Mozdok (Caucasian) fortification line. As the 
forests made it possible for the highlanders to suddenly 
attack military fortifications, General A.P. Yermolov de-
veloped a plan for the creation of a network of wide forest 
glades. From the beginning of the 19th century, the tsarist 
troops with the involvement of the local population cut 
down a considerable part of the forests along the Sun-
zha, Ardon, Terek, Malka, and Bolshoy Zelenchuk Rivers 

was almost completely destroyed in 1820 due to the lay-
ing of glades from Groznaya Fortress to the military for-
tifications of the forest (Potto, 2006). By the beginning 
of 1830, wide forest glades had been laid along the Bra-
gun – Amir-Adzhi-Yurt, Bragun – Aksai, Aksai – Ger-

Mairtup forest was cut down (Sakhno-Ustimovich, 1826). 
The Gekhi River forests, the Malaya Chechnya forests, 
the Michik River forests and others had been cut down 
from 1840 to 1860 under the leadership of Lieutenant 

military glades in the region lasted until the beginning of 
the 20th century.

Stage II. The area under grain crops increased dramati-
cally in the first half of the 19th century in the foothill and 
lowland areas of the North Caucasus due to the resettle-
ment of Russian and Ukrainian peasants from the central 
regions of Russia and Eastern Ukraine. Large tracts of for-
est were replaced by agricultural fields (Potto, 2006). The 
immigrants had an acute need for the construction mate-
rial, therefore, of course, that trade in forests increased 
significantly. 6320 arbas and carts of various timber prod-
ucts were transported through the Izvestnobrodskaya and 
Prokhladnenskaya Outposts for three years (from 1843 
to 1845). 17916 arbas of timber were transported only 
through the Yekaterinogradsky Quarantine during 1847 – 

the Ossetians, 2654 – by the Russians and Armenians. 
The total declared value reached more than 100 thousand 
rubles. (Piotrovskij, 1988). 

-
kess Republic in the late 19th-early 20th century was 
much wider. At present time the northern boundary of 
the forests here passes at the foot of the Rocky Range, 
not reaching the Pasture Range, then, earlier, the forests 
occupied not only the slopes of these ranges, but climbed 
to their peaks. In addition, the forests completely covered 
the valleys of the Bolshoy Zelenchuk and Urup Rivers 
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and the centuries-old pasture of livestock led to deforesta-

Thus, the processes of development of the North Cau-
casus in the 19th century led to a significant reduction in 
the area of forests, especially in the foothill and lowland 
areas. The extent of the reduction in the forest area of the 
North Caucasus can be estimated by interesting calcula-

data characterizing the current state of the forest cover of 
the basins of a number of rivers in the North Caucasus and 
the possible landscape forest cover. The latter implied the 
growth of forests to their upper climatic boundary passing 
along a line where the average July temperature is above 
10°C. For instance, the forests in the basins of 16 rivers 
of the North Caucasus with a total area of 3.650 thousand 

taking into account this parameter, the forests should cover 
2.003 thousand hectares, or 55% of the area of all the ba-
sins. 

1. According to the spatial modeling, the potential area 
of the coniferous and broad leaved forest stand dominants 
of the Northwest Caucasus is significantly higher than the 
real range, especially in the foothill and lowland farming 
suitable areas. The potential modern habitats of dark co-
niferous tree species Abies nordmanniana and Picea ori-
entalis completely coincide, which suggests that, in the 
absence of the anthropogenic effect, spruce and fir could 
form mixed communities within the entire area of dark 
coniferous forests of the Northwest Caucasus. 

2. The precipitation parameter in the driest month of 
the year make the greatest contribution to the construction 
of GIS models of the modern area of the dark coniferous 
and broad leaved tree species of the Northwest Caucasus 
(Fagus orientalis, genus Quercus and Carpinus betulus 
species) which is explained by mesophilicity of these spe-
cies and vulnerability to drought. High importance of the 
altitude above the sea level for the dark coniferous tree 
species and the importance of the temperature seasonality 
for broad leaved species is caused by the frost resistance of 
the dark coniferous tree species and the heat-loving nature 
of the broad leaved species. 

3. The analysis of the materials on the natural resource 
management history demonstrated that the anthropogenic 
changes, and not the climatic changes, are the main cause 
of the reduction of the area of the coniferous-broad leaved 
forests of the Northwest Caucasus since the middle of the 
19th century. The northern boundary of the forest belt has 
shifted significantly from the plains and foothills to the 
foothill and mountain areas as a result of the economic and 
military development of the region.
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