IRSTI 06.81.23
Avrticle

Trends in the growth of the ecological footprint of tourism in the Mongolian and
Kazakhstan Altai mountains

Yerbakhyt Badyelgajy*, Chanagnyangar Sharawpurew, Saikhanbayar Byambasuren

Citation: Badyelgajy, Y.,
Sharawpurew, Ch.,
Byambasuren, S. (2025). Trend
in the growth of the ecological
footprint of tourism in the
Mongolian and Kazakhstan Altai
mountains. Journal of Ecology
and Sustainability, 153(1), 57-70.
https://doi.org/10.32523/47t9691
8

Academic Editor:
A. Zandybay

Received: 06.12.2025
Revised: 18.12.2025

Accepted: 21.12.2025
Published: 30.12.2025

Copyright: © 2025 by the
authors. Submitted for possible
open access publication under the
terms and conditions of the
Creative Commons Attribution
(CC BY NC) license
(https://creativecommons.org/lic

enses/by-nc/4.0/).

Otgontenger University, Ulaanbaatar, Mongolia,
erbahit@otgontenger.edu.mn, chanagnyangar@otgontenger.edu.mn,
saikhanbayar@otgontenger.edu.mn

*Correspondence: erbahit@otgontenger.edu.mn

Abstract. The Altai Mountains, stretching along the borders of four
Central Asian countries, represent one of the most intensively visited
tourism regions in the area. Snow-covered peaks, glaciers, forested
landscapes, and scenic mountain environments constitute the main
attractions for visitors. In Kazakhstan and Mongolia, ecotourism has been
promoted as a key form of tourism in the Altai Mountains; however,
numerous studies have reported its negative environmental impacts.
Recent research has quantified tourism footprints, and this article presents
the final results of those studies expressed in terms of greenhouse gas
emissions. Environmental impacts of tourism were converted into CO.-
equivalent (CO2eq) emissions to enable comparison, and future trends
were identified based on a five-year dynamic analysis. The results indicate
that tourism greenhouse gas emissions in the Mongolian Altai reached a
peak and began to decline from 2024 onward. Of the total emissions, 52%
originated from degraded areas, while 33% were generated by livestock
concentrated due to tourism activities. In contrast, in the Kazakhstan Altai,
82% of total tourism-related greenhouse gas emissions were produced by
transport. Emissions from degraded land accounted for 14%, and tourist
waste contributed 2% of total emissions. Overall, these findings different
from conventional practical assumptions regarding the main sources of
tourism-related environmental impacts.

Keywords: Altai Mountains; Ecotourism; Greenhouse Gas Emissions
(GHG Emissions); Trend Analysis.

1. Introduction

For thousands of years, the Altai Mountains have been an important
transitional region between the major ecological regions of Eurasia
(Caspari, 2017). The Altai Mountains are the result of a complex and
contrasted history. Several periods of complete flattening of the landscape
have been recorded and the current setting with archaeological sites
(Zwyns, 2014). The Altai Mountains, with their beautiful nature and
unique ecosystem, have now become one of the most popular tourist
destinations in Central Asia. (Chlachula, 2001). These settlement patterns
were closely associated with the region’s distinctive natural features,
including its mountainous terrain, abundant water resources, scenic
landscapes, rich biodiversity, and diverse flora and fauna.
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Today, the Altai Mountains renowned for their valuable archaeological heritage, well-preserved
ecosystems maintained over centuries, and exceptional natural beauty have become one of the most
prominent tourist destinations in Central Asia. Stretching approximately 2,000 km along the borders
of four countries Russia, China, Kazakhstan, and Mongolia - the Altai constitutes a vast orographic
system composed of 88 mountain sub-ranges, predominantly oriented from northwest to southeast
(Beisenova, 2014), (Yakovlev, 2012). Although the Altai has historically functioned as a corridor and
destination for nomads, pilgrims, explorers, and travelers, the development of modern tourism in the
region began relatively recently, emerging primarily in the twentieth century (Badyelgajy,
Myeirambek, 2022).

Approximately 50% of the total area of the Altai Mountains lies within Mongolia, while about
10% falls within the territory of Kazakhstan. Despite this substantial spatial coverage, tourism
development in these two countries remains relatively limited compared with other parts of the Altai
region. Nevertheless, the Altai Mountains rank among the most visited regions globally, and tourist
arrivals across all four countries increased markedly during and following the COVID-19 pandemic
(Badyelgajy, Kapsalyamov, 2023). For instance, in 2023-2024, approximately 300 million tourists
visited the Xinjiang Uyghur Autonomous Region of China (Weili, 2024), of whom about 8.5 million
traveled to Kanas Lake in the Chinese Altai (Xinhua, 2019). During the same period, 2.7 million
tourists visited Lake Teletskoye in the Altai Republic of the Russian Federation (Filipenkova, 2024).
In East Kazakhstan Region, 885 thousand tourists were recorded, including 194 thousand visitors to
Katon-Karagay National Park. In contrast, Altai Tavan Bogd National Park the westernmost protected
area of the Mongolian Altai received approximately 53 thousand tourists in 2023, followed by a
decline to 25 thousand visitors in 2024 (Qazaqstan Ulttyq statistika blrosy, 2024). Given that nearly
9.6 million tourists are concentrated around the Altai Mountain system annually, there is a clear and
urgent need to assess the ecological footprint and environmental impacts associated with tourism
activities in this region. Because tourism exerts diverse and multifaceted pressures on the
environment. The negative environmental impacts of tourism are multifaceted, making it
methodologically challenging to assess them using a single integrated indicator (Monz, 2021).
Numerous studies examining excessive tourist concentration in various national parks have
demonstrated this complexity (Mateusz, 2025; Mihalic, 2020). Consequently, research in this field
has increasingly focused on developing approaches to quantify the ecological damage caused by
tourism activities (Santos-Rojo, 2023). As the scientific literature consistently confirms that tourism
pressure intensifies with increasing visitor numbers, the present study assesses the impacts of tourism
in the Altai Mountains through the indicator of GHGs.

For this reason, many researchers have adopted GHG emissions as an integrated metric for
evaluating tourism-related environmental impacts. Although previous studies have quantified GHG
emissions associated with individual tourism-related activities and discussed their environmental
implications, comparative assessments and trend analyses of these emissions over time remain largely
underexplored. In addition, a significant body of newly emerging empirical material has yet to be
systematically documented and analyzed. To address these gaps and contribute to the existing body
of knowledge, the present article was developed with the aim of fulfilling these specific research
objectives. Within this framework, the study sets out the following objectives:

(@) to quantify GHG emissions arising from selected tourism-related impact pathways;

(b) to integrate tourism-induced GHG emission data for subsequent dynamic analysis; and

(c) to analyze growth trends and illustrate their spatial distribution.

2. Materials and methods
2.1. Study area and selected tourism routes

Since 2018, the researchers have conducted field expeditions and investigations along the most
intensively used tourism routes in the Altai Mountain Range. Consistent with previous studies, the
selected study areas include two major tourism corridors: (1) the principal 1150 km tourism route
leading to Katon-Karagay National Park in Kazakhstan, and (2) a 580 km tourism route covering the
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western part of the Mongolian Altai within Altai Tavan Bogd National Park. The selected routes are
illustrated in Figure 4. A brief description of the selected route and the reason of selection is
summarized in the following table (Table 1).

Table 1. The basic definition of selected routes

Indicators

Altai Mountains

Altai Mountains

attractions
and
destinations

Tavanbogd, Potain glacier— Lake
Hoton-Hurgan— Baga Turgen
waterfall > Tsengel soum—Ulgii city

of Mongolia of Kazakhstan
Reason of | A trending route in Mongolia's | A trending route in domestic tourism in
chosen domestic tourism since 2019. The main | Kazakhstan, after the pandemic. The main
route with the highest tourist visitation. | route with the highest tourist visitation.
Location Western  Mongolia, Bayan Ulgii | East Kazakhstan, Khaton-karagai, Zaisan,
province and Kurshim soums.
Main Ulgii city—Khokhhotol town—Peak | Ust-Kamenegorsk city— Altai city —

Katon-karagai— Berel museum—
Kharakol lake — Rakhan hot spring —
Road of Austria — Zaisan lake — Kyin
Kerish paleontological zone — 5 lake of

Sibe

Length 580 km 1150 km

Duration 3-4 days 4-5 days

Type of | No asphalt during the route, bumpy and | Asphalt road, less rough road, few muddy

roads rough roads, travel only high-engine | roads. Comfortable traveling with family
cars. Go by car up to 3200 m altitudes.

Type of | Nature sightseeing, praying for | Beautiful nature with many mountain

activity Tavanbogd peaks (Traditional habit) lakes, drinking the blood of deer antlers to

health
Time for | From June 10 to July 25 From June 10 to July 30
travel

2.2. Estimation of Greenhouse Gas (GHG) Emissions from the Tourism Ecological Footprint
The study employed a combination of available datasets and calculated indicators to estimate
GHG emissions associated with tourism activities. Pre-existing quantitative data on GHG emissions
from tourist transportation in the Altai region were adopted from Badyelgajy, Doszhanov, et al
(2025), while emissions originating from livestock concentrations induced by tourism activities were
obtained from Source Badyelgajy, Kapsalyamov, et al (2025). Other components of tourism GHG

emissions were calculated using the following methodological frameworks:

e GHG emissions from tourism solid waste were estimated based on the UNFCCC Greenhouse
Gas Emissions Calculator (Document Version 02.6, 2022), following Table A-8 (UNFCCC,

2022);

e GHG emissions resulting from coal combustion at tourist accommodation facilities were
calculated using the U.S. Environmental Protection Agency (EPA) Greenhouse Gas
Emissions and Sinks Inventory methodology, specifically Tables A-20, A-25, A-32, and A-
226 (EPA, 2014);

e GHG emissions from degraded land were estimated at the Tier 1 level in accordance with the
IPCC 2006 Guidelines, applying the Grassland Chapter (Chapter 6, Tables 6.2 and 6.4),
Generic Methods (Chapter 2, Table 2.3), and Other Land (Chapter 9) methodologies (IPCC,

2006).

2.3. Comparison of Greenhouse Gas Emissions and Trend Analysis
GHG emissions from each category were compared and trend lines were calculated using
Microsoft Excel. Spatial visualization and mapping were performed using QGIS 20.3. Hypsometric
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cross-sections of the selected routes were generated by Google Earth, and the final graphical outputs
were processed and integrated with the calculated results using Adobe Photoshop.

3. Results
3.1. Estimation of Greenhouse Gas Emissions from the Tourism Ecological Footprint

Prior to presenting the growth trends of the tourism ecological footprint in the Altai Mountains,
several preliminary calculations were required. Previous studies have determined that the average
amount of solid waste generated per tourist 441 gr in the Mongolian Altai and 612 gr in the
Kazakhstan Altai (Badyelgajy et al, 2023). However, these studies did not quantify GHG emissions
associated with waste generation. Therefore, in the present study, GHG emissions from tourism waste
were estimated using the standardized coefficients provided in the GHG Emissions calculator. The
resulting emissions are illustrated in Figure 1.

111
120 1034 350,0 5806
100 300,0 2692
41 766 250,0
80 62,3 . 185,0 1911
! O 200,0 156,3
S 60 O
= 150,0
40 23,4 100,0
20031 9 101 _1& 500 06 6,2 7.1 4.1 7.8
0 — 0,0
2018 2019 2020 2021 2022 2018 2019 2020 2021 2022
— Mongolian Altai Kazakhstan Altai =Mongolian Altai Kazakhstan Altai
(a) (b)

Figure 1. (a) Growth in the volume of waste generated by tourists in the Altai Mountains. (b) Amount
of GHG emitted from the corresponding tourism waste

During the pandemic years, tourist arrivals to the Kazakhstan Altai declined, whereas an
opposite trend was observed in the Mongolian Altai, where visitor numbers increased. In 2018,
approximately 103.4 tonnes of solid waste were generated by 168 thousand tourists in the Kazakhstan
Altai, increasing to 111 tonnes in 2019. As the volume of waste increased, corresponding GHG
emissions also rose: GHG emissions increased from 269.2 t/CO: in 2018 to a higher level in 2019. In
subsequent years, a noticeable decline in tourist numbers was accompanied by a reduction in both
generated waste and associated GHG emissions.

Field-based investigations of tourism-induced land degradation in the Altai Mountains were
carried out during targeted expeditions in 2021 and 2022, and the results were published in separate
articles (Badyelgajy, Onerkhan, et al, 2022), (Badyelgajy, Kapsalyamov, Tussupova, 2022).
However, these studies did not quantify GHG emissions originating from degraded land. Therefore,
within the scope of the present article, GHG emissions from degraded areas were calculated using the
IPCC 2006 Guidelines, applying the coefficients presented in Table 2. The resulting GHG emission
estimates are reported in Table 3.
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Table 2 — Numerical Values Used for Estimating GHG Emissions from Degraded Land

Fixed Coefficients and Numerical VValues

SOC reference (0-30 sm):

50 tC/ha (Cold temperate, dry)

Biomass (cold temperate
dry):

6.5 td.m./ha x 0.47 = 3.055 tC/ha

FMG Factors by
Degradation Level

Low — 0.98 (by linear interpolation between 1.0 and 0.95).
Meduim — 0.95

High — 0.70

Fully degraded or very highly degraded — 0O (Other Land;
complete emission)

Loss of biomass:

biomass_loss = biomass C x (1 — FMG)

Carbon emissions per 1 hectare =

biomass_loss_tC/ha

soil_loss tC/ha +

?gﬁ:}lslda Calculation e soil loss tC/ha = SOCref x (1 — FMG)
e biomass loss tC/ha =biomass C x (1 — FMG)
e Total emission: Area X (level) =tC — tCO. = tC x 44/12
e The uncertainty associated with Tier 1 default values is £75%.
e N:O and CHs emissions were not included in the present
Limitations calculations.

For areas classified as fully degraded, all carbon stocks were
assumed to be completely released into the atmosphere.

Based on the degraded land areas estimated using the above values, the following results were

obtained (Table 3).

Table 3 — GHG Emissions from Degraded Land, tn/CO2¢q

Level of Are. Soil Biomass| Total Total Total

degredation ha FMG loss, loss, loss, loss, tC loss,

tC/ha tC/ha tC/ha tCO2

Low 2.7 1 1 0.1 1.1 2.9 10.5

Mongolian Meduim 120.6 1 2.5 0.2 2.7 319.9 1173
Altai High 66.3 0.7 15 0.9 15.9 1055.3 | 3869.3
Fully degraded | 104.1 0 50 3.1 53.1 5523 20251

Low 78.22 1 1 0.1 1.1 83 304.3
Kazakhsta Meduim 595.9 1 2.5 0.2 2.7 1580.8 | 5796.2
n Altai High 31.6 0.7 15 0.9 15.9 503 1844.2

Fully degraded 0 0 0 0 0 0 0

As a result, GHG emissions amounted to 25303.945 t/COzq in the Mongolian Altai, while
20785 t/CO: were emitted in the Kazakhstan Altai. According to the IPCC methodological guidelines,
these estimates are based on soil organic carbon (SOC) conditions and biomass loss; therefore, they
represent the total amount of carbon released during a single year as a consequence of land
degradation. In the following years, these degraded areas gradually dry out, become unsuitable for
vegetation growth, and their overall condition changes substantially. In addition, because annual
monitoring of tourism-induced land degradation has not been conducted, the amount of carbon

dioxide emissions released in other years remains uncertain.
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3.2. Integration of Quantitative Data on Tourism Greenhouse Gas Emissions

Based on the calculations conducted in this study and a re-examination of previously published
research, annual GHG emission estimates were compiled and integrated across different tourism
sources. The aggregated results are presented in the following table. Of the five emission categories
shown, the first three columns, GHG emissions from waste of tourists, accommodation facilities, and
degraded land, were newly calculated within the scope of this study.

GHG emissions from tourist accommodation facilities were estimated following the
Greenhouse Gas Emissions and Sinks Inventory, applying standard emission coefficients of 2.325
kg/CO-, 274 g/CHa, and 40 g/N2O per short ton of bituminous coal. Because these emissions were
calculated using a proportional method, the detailed derivation is not presented here.

According to the integrated dataset, a total of 49268.9 t/CO2eq of GHG emissions have been
released in the Mongolian Altai since 2017, whereas emissions in the Kazakhstan Altai amount to
57047.3 t/CO2q over the same period (Table 4).

Table 4. Greenhouse Gas Emissions from Tourism in the Altai Mountains, tn/CO2¢q

cHe | G
GHG . GHG Emissions
i GHG Emissions . ; Induced
Emissions . Emissions from Tourist .
from Tourist ) Livestock
Year from . from Transportation ) Total
. Accommodation . Concentration
Tourism Eacilities Degraded (Badyelgajy, (Badyelgaj
Waste Land Doszhanov, et Iy Jy,
al, 2025) Kapsalyamov, et
! al, 2025)
Mongolian Altai
2017 0 0 0 119.2 399.1 518.2
2018 0.6 0 0 124.3 5315 656.4
2019 6.2 0 0 168.5 1418.2 1592.9
2020 7.1 0 0 1231.3 2262.6 3501.1
2021 41 137.9 25303.945 1969.2 3956.4 31371.6
2022 7.8 185.5 0 1241.6 3796.8 5231.7
2023 0 247.3 0 2247.6 3902 6396.9
Kazakhstan Altai
2017 0 0 0 3915.9 35.1 3951
2018 269.2 0 0 4148 47.2 4464.4
2019 289.6 0 0 6561.7 135.5 6986.8
2020 185 0 0 2817.2 1711 3173.3
2021 191.1 0 0 7933 183.1 8307.2
2022 156.3 0 7944.693 8325.1 200.7 16626.8
2023 0 0 0 13537.8 0 13537.8

In the Mongolian Altai, 51.4% of total greenhouse gas emissions originated from degraded

land, 33% from Tourism-Induced Livestock Aggregation, and 14.4% from transportation. In contrast,
in the Kazakhstan Altai, 82.8% of total greenhouse gas emissions were generated by transportation,
followed by 13.9% from degraded land and 1.9% from solid waste.

4. Discussion

An analysis of growth trends in GHG emissions from multiple tourism-related sources in the
Altai Mountains reveals the following patterns. In the Mongolian Altai, the largest share of GHG
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emissions originates from the degradation of surface soil layers caused by tourism activities,
confirming that one of the most significant negative impacts of tourism is the disturbance of
vegetation cover. In recent years, however, the apparent trend in emissions from degraded land
suggests a decline, primarily because no additional field surveys of disturbed surface soils have been
conducted. In reality, GHG emissions from this source may be higher than currently estimated.

Comparative results further indicate that one of the most substantial negative impacts of tourism
is associated with tourism-induced livestock concentration. While in many countries livestock
grazing is prohibited within strictly protected areas, several studies report that livestock grazing
occurs within buffer zones of protected areas in Mongolia (Navchaa, 2017; McCarthy, 2018; Wurts,
2013; Richard, 2004). In the present study, GHG emissions were estimated not for the approximately
340 thousand livestock grazing within the buffer zone of the national park, but rather for the roughly
20 thousand concentrated specifically along tourism routes. Although this represents only 5.8% of
the total livestock in the area, these animals account for approximately 33% of the overall negative
environmental impact attributable to tourism (Figure 2). This finding clearly highlights the need for
targeted regulation and management measures.

20000
18000 y =-903.71x2 + 8133.4x - 10845 *++++ GHG emissions from
16000 R2 = 0.1667 tourist waste
£14000 y =-43.682x? + 1048.6x - 997.16  +e--- GHG emissions from
8 12000 R2=0.919 accommodation facilities
T10000 Yy =5.8953x2+ 324.99x - 403.35 ceses GHG emissions from
18] —
é 8000 R2=0.8018 degraded areas
= 6000 et e, eeees GHG emissions from
4000 eees transport vehicles
2000 et T ¥ GHG emissions of
0 certtthaesett e aessennts Tourism-Induced
2017 2018 2019 2020 2021 2022 2023 Livestock Aggregation

Figure 2. Trends in GHG emissions in the Mongolian Altai Mountain

While the negative impact associated with livestock aggregation shows a continuing upward
trend, GHG emissions from tourist transport vehicles demonstrate a slight declining tendency. Among
the directly observable adverse effects of human presence, GHG emissions generated from tourist
waste remain the lowest and are projected to decrease marginally in the future. In contrast, the
negative environmental impacts of tourism in the Kazakhstan Altai exhibit a markedly different
pattern. In this case, the most significant negative impact of tourism GHG emissions generated by
tourist transport vehicles, which are also expected to increase sharply in the future. Although
transport-related emissions account for approximately 82% of total tourism-related GHG emissions,
emissions arising from degraded areas remain relatively low. This can be explained by the fact that
nearly 90% of the selected routes are paved roads with well-developed infrastructure.

Looking ahead, GHG emissions associated with tourism-induced livestock aggregation and
those originating from degraded (disturbed) areas are projected to decline, whereas emissions from
tourist waste are expected to show an increasing trend. In contrast, GHGs emissions from
accommodation facilities could not be estimated for the Kazakhstan Altai due to data limitations
(Figure 3).

Although the coefficient values of GHG emissions and the trend-growth R? values are relatively
low for several indicators, the fitted curves are considered to adequately represent the underlying
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trends. The low R? values can be attributed to the absence of data for certain years, as well as to the
fact that some indicators are based on observations from only a single year. This interpretation is
further justified by the use of uniform calculation formulas for these indicators, consistent with those
applied to greenhouse gas emission trends from transport vehicles and livestock, ensuring
methodological comparability across all variables.

1400 y = 387.00x2 - 1718.5x + 5880.5 ee++ GHG emissions from
12000 R? = 0.8105 tourist waste
g S e GHG emissions from
8N10000 accommodation facilities
é 8000 +++++ GHG emissions from
3 6000 y = 5E-13x? + 567.48x - 1135.*" degraded areas
3 R2=0.1667 .-
= 4000 e tteenineneanse®? =17.433x2 + 148.37x - 134.44 ..... GHG emissions from
R2=0.7007 ] transport vehicles
200 ooonooo...o"'..... esees GHG emissions of
0 eeeeee22aqnN Y 000000000000880000000000nnann Tourism-Induced

2017 2018 2019 2020 2021 2022 2023 Livestock Aggregation

Figure 3. Trends in GHG emissions in the Kazakhstan Altai Mountain

In addition to analyzing the trends in GHG emissions generated by tourism, the spatial
distribution of these emissions is also visualized. The following figure illustrates the selected routes
and identifies the specific sections of the routes where the GHG emissions presented in the above
table are most intensely generated (Figure 4).
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Figure 4. Spatial distribution of GHG emissions along the selected tourist routes
As shown in Figure 4, the highest levels of GHG emissions in the Mongolian Altai are

concentrated in the vicinity of the Potanin Glacier within Altai Tavan Bogd National Park, as well as
around the Baga Turgen waterfall, the Khoton—Khurgan Lake valley, and the surrounding areas of
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Tsengel soum. When the spatial distribution of GHG emissions presented on the map is transformed
into a hypsometric cross-sectional profile, several key patterns become evident.

Approximately 22% of total GHG emissions, equivalent to 45252 t/COzeq, Were generated along
the route between the ranger station of Altai Tavan Bogd National Park and the Presidential Ovoo
worship. This area is characterized by the absence of carbon-sequestering forests, sparse vegetation
cover, and extensive land degradation primarily caused by tourist vehicles. In addition, heavy metal
contamination of soils has been reported in this zone (Badyelgajy, Kapsalyamov, Tussupova, 2022).

A further 35% of total emissions, corresponding to 71148 t/CO2q, were released along the
gorge road leading to Tsengel soum. At the terminal section of this gorge lies the Bayan Mountain
Range, which acts as a natural orographic barrier. As a result, the emitted GHGs tend to accumulate
in the vicinity of Tsengel soum, creating favorable conditions for a localized greenhouse effect, as
clearly illustrated in the figure. A similar phenomenon is also observed in the low-lying areas along
the riverbanks near Khokhkhotol village, where approximately 3500—4000 t/CO2q of GHGs are
emitted annually from tourism-related activities (Figure 5).

Although there are no major mining operations or industrial facilities in the vicinity of these
settlements, the presence of a large number of coal-burning households, high livestock aggregation,
and intensive vehicular activity contributes to the formation of significant local accumulations of
GHGs.

Huh hotol
13%,

town,

Figure 5. Spatial distribution of tourism GHG emissions in the Mongolian Altai Mountain (last 7
years)

Figure 6. Spatial distribution of tourism GHG emissions in the Kazakhstan Altai Mountain (last 7
years)

In the Kazakhstan Altai, the majority of tourism GHG emissions are concentrated in the Berel
village valley, the Urel village area, the surroundings of Lake Yazovoye, and along the Bukhtarma
River gorge leading toward Mount Belukha. It is clearly evident that tourism activities concentrated
around the Altai (Zyryan) city area account for a substantial share of total tourism-related GHG
emissions, with approximately 70000 t/COzeq emitted annually on both sides of the mountain range
(Figure 6).

In contrast, high-altitude lake depressions in the vicinity of Lake Yazovoye and the Rakhmanov
Springs have generated a cumulative total of approximately 100000 t/CO2¢q Over the past seven years,
corresponding to an annual average of around 15000 t/CO.eq solely from tourism activity. Along the
route of the former Austrian Road, approximately 5% of total GHG emissions are trapped and
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accumulated, while in the Markakol Lake basin, about 4.7% of total emissions -equivalent to nearly
9000 t/COq¢q per year originate from tourism.

In addition, the area surrounding the Sibiny Lakes, located near the city of Ust-Kamenogorsk,
also exhibits a pronounced tourism footprint, indicating significant localized tourism-related
environmental pressure. Another study conducted in Katon-Karagai National Park also reported a
high level of tourism pressure (Aktymbayeva, Nuruly, et al, 2023).

15000
_ y = -032.41x2 + 9479.5x - 12231 y = 5400.8In(x) + 1572.1
& R2=0.2507 ..ottt orenn, R?=0.5187
3 10000 e
= ot -«++= Mongolian Altai
8 5000 Kazakhstan Altai
g
O L]

2017 2018 2019 2020 2021 2022 2023

Figure 7. Comparative trends in the growth of GHG emissions in the Mongolian and Kazakhstan
Altai Mountains

The growth trends of tourism-related GHG emissions in the Mongolian and Kazakhstan Altai
display two distinctly different patterns. In the Mongolian Altai, a decline in tourist numbers is
projected in the coming years, accompanied by a corresponding reduction in GHG emissions. In
contrast, the Kazakhstan Altai is expected to experience a continued period of high growth in tourism
activity, resulting in a sustained increase in associated GHG emissions (Figure 7).

5. Conclusion

This study, which practically demonstrates that the environmental impacts of tourism can be
quantitatively assessed using GHG emissions, covers both the western and eastern parts of the Altai
Mountain. Although the research encompasses the Kazakhstan and Mongolian segments of the
extensive Altai mountains system, a robust comparative analysis of the results was conducted. Given
that the Altai Mountains rank among the world’s prominent tourist destinations, the pressure exerted
by human activities on their scenic landscapes, natural environment, endemic communities, and
biodiversity is substantial. One of the major contributing factors is tourism, particularly the
«ecotourism policies» actively promoted by the selected countries.

During the period of intensified tourism development in the Altai Mountains between 2017 and
2024 - overlapping with the years of the COVID-19 pandemic - tourism activity increased markedly
in both the Mongolian and Kazakhstan Altai. This increase is clearly reflected in the corresponding
growth of tourism-related GHG footprints.

A comparative assessment of the environmental impacts of tourism reveals that, in the
Mongolian Altai, the majority of tourism-related GHG emissions originate from degraded areas,
followed by emissions from transport vehicles and GHGs associated with tourism-induced livestock
aggregation. Together, these sources account for more than 90% of the total tourism footprint.
Notably, 22% of total emissions, equivalent to 45252 t/CQO2¢q were generated in areas located near
the glaciers of Altai Tavan Bogd National Park, confirming a direct and significant negative impact
on sensitive environments. The growth of GHG emissions in the Mongolian Altai appears to have
reached its peak, with a declining trend observed from 2024 onward.

In contrast, in the Kazakhstan Altai, approximately 4/5 of tourism GHG emissions are
associated exclusively with transport vehicles. Emissions from degraded areas and tourist waste also
contribute to the overall footprint at a moderate level.
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A comparative analysis of tourism GHG footprints across the Altai Mountains indicates a strong
dependence on national development levels and infrastructure conditions. In the Mongolian Altai,
where selected routes are entirely unpaved, tourism GHG emissions are primarily derived from
degraded land surfaces and tourism-induced livestock aggregation. Conversely, in the Kazakhstan
Altai - where approximately 90% of the routes are paved - the dominant contributor to GHG emissions
Is transport-related activity. Overall, tourism GHG emissions are closely linked to both tourist
numbers and transportation.

If these indicators were further compared with the Altai mountains of the Russian Federation
and the People’s Republic of China, which receive substantially higher tourist flows, markedly
different results would be expected. Although total GHG emissions in those regions may be higher,
the intensity and spatial characteristics of their environmental footprints are likely to exhibit
contrasting patterns.
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Monroa Auaraid xdHe Kasakcran Agraili TayJaapbIHIAarbl  TYPU3MHIH
IKOJIOTUSIIBIK I3IHiH 6cy ypaicTepi

Epo6axbiT Bapearaxsl, Yanarusaurap lapasnypas, Caiixan0asap bsamodacypsn

Anparna. OpTanblK A3USHBIH TOPT MEMJIEKETIHIH IIeKapackl O0OMBIMEH CO3BUIBIN jKaTKaH AnTail Tay
JKOTaJapbl TYpUCTEp €H Kol OapaThlH OarbITTapbIH Oipl. Kap >kaMblIFaH MIBIHAAPHI, MY3BIKTaphI,
OpMaHJIbl KOPKEeM Tayjapbl TYpHUCTEpIiH HETi3ri KbI3BIKTAHUTBIH skoairepiepi. Kazakctan MmeH
Momnronuana Aunrtail  Tay OKOTalapblHIA OSKOTYpU3MJlL JaMBITy OacklM OarbIT  peTiHze
KOocHapJIaHFaHbIMEH, OHBIH KOPILIaFaH OpTaFa TUT13€TiH Tepic acepIiepi Typasibl FEUTBIMU €HOEKTepie
ka3putrad. COHFBI KBUIAAPBl KYPTi3UINeH 3epTTeysiepAe TYpPU3M 131H CaHMABIK TYpFbla Oarajar,
eniiereH. byn Makamana aranraH 3epTTEYJIEpAiH KOPBITHIHABI HOTHXKENEepiH MapHUKTIK rasaap
IIBIFAPBIHBUIAPBI APKBLIbl CANIBICTHIPY YLIIH YChIHBLIAABL. TypU3MHIH KOpIIaFaH opTara acepiepi
CO:z-sxBuBanenti (COzeq) Oipiiri OoMbIHIIA OPTYPIi ocep KO3AEpiH e3apa CaNbICThIpa OTHIPHIM,
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COHFBI O€C XBUIIBIK JUHAMUKACBIHA TajlJay jKacay apKbUIbI TypU3M i3/I€piHIH AaMy ypaictepi
aHBIKTAIABL. 3epTTey HOTWXKeIepi MoOHFoI AJTaliblHIAa TypU3M CcalachblHaH OOJIHTeH MapHHKTIK
ra3jap Kejemi eH >KOraphl JeHreire xetin, 2024 xpuiaan O6actan Kyiasipay ypaici 6aiKaaraHbIH
kepceteai. JKaumpl HIBIFAPBIHABLUIAPABIH 52%-b1 3aKpIMIANFaH ana”aapiaH, ain 33%-bl Typu3M
OCEepiHEH IIOFBIPJIAHFAaH MaJl IMapyallbUIbIFBIHAH OOJIHTeH. AJl Ka3aKCTaHABIK AlTaiila Typu3Mmre
OailTaHBICTHI TIAPHUKTIK Ta3Jap IIbIFAPBIHABUIAPBIHBIH 82%-b1 KOJIIK KypasJapblHaH OeJIiHTEH.
3akpiMIaFaH anasiapaad yieci 14%-ap1, an TYpUCTIK KalAbBIKTapAaH OOJIIHETIH MIbIFapbIHABLIAD
2%- b1 Kypaiael. byt HOTHOKeNep Typru3MHIH KOpIIaFaH opTara ocepi Typalibl KaJIbINTaCKaH I9CTY Il
TYCIHIKTEpJIEH ©3rellle eKeH IIT1H KOpCceTe .

Tyiiin ce3aep: Anraii )KOTaChl; YKOJIOTHSIIBIK TYPU3M; TAPHUKTIK Ta3/1ap; 6Cy YpIaiCTepi.

TengeHUU pPocTa IKOJOTHYECKOro cJjeaa TypudMa B MOHIroJbCKOM AJiTae u
Kazaxcranckom AJitae

Epo6axbiT Bagenaraxsl, Yanarusaurap llapasnypas, Caiixan6asp bsamoéacypian

AHHOTanusA. ANTaliCKUe TOPbl, IPOTAHYBIIMECS BIOJIb TPaHUL] YETBIPEX cTpaH LlenTpaibHol Asuu,
SBISIOTCSL  OJHUM W3 HamOojiee HMHTEHCHBHO IOCEMIAEMBIX TYPHCTHYECKHX PErHOHOB.
BeuyHocHexHbIe BEpIIUHBI, JIGAHUKH, JIECHbIE MACCHBBI W KMBOIHMCHbIE TOpPHbIE JaHIMA(QTHI
BBICTYNAIOT OCHOBHBIMU (DakTOpaMu TypHCTHYECKOH npuBiekareabHocTH. B Kazaxcrane u
MoHronmn 3KOTypu3M paccMaTpHUBAETCA KaK MPHUOPUTETHOE HANpABICHHE PAa3BUTHS TypuU3Ma B
AnTaiickoM peruoHe, 0JJHaKO B HAyYHOM JHUTEpaType HEOJHOKPATHO OTMEYAIOCh €r0 HETaTUBHOE
BO3/ICIICTBUE Ha OKPYXKAIOIIYIO Cpefly. B mocieanue ropl MpoBeaEH psill UCCIEN0BAHUM, B KOTOPBIX
y1aJI0Ch KOJIMYECTBEHHO OLIEHUTh TYPUCTUUECKUII cie. B naHHOM cTaThe npeacTaBieHbl HTOTOBBIE
pe3yibTaThl 3TUX MCCIEIOBAHUM, BBIpa)KEHHBIE B IOKA3aTeNIIX BbIOPOCOB MAPHUKOBBIX Ta30B.
Bo3zaeiicTBue Typu3mMa Ha OKpyXarolryro cpeay 0buio mpuseaeHo K skBuBaieHTy CO:2 (COz2eq), uTo
MIO3BOJIMJIO COIIOCTABUThH PA3IMYHBIE HCTOUHUKH BO3IEHCTBHUSA, a TAKXKE ONPENEIUTh TEHACHLIUN UX
U3MEHEHUST Ha OCHOBE IMSATWJIETHEr0 JMHAMUYECKOro aHaiu3a. Pe3ynpTaThl HCCIEI0BaHUS
MOKa3bIBAIOT, 4YTO B MOHT0JILCKOM AJTae BHIOPOCHI MTAPHUKOBBIX I'a30B, CBA3aHHBIE C TYPUCTUUYECKOM
JeSTeNIbHOCTBIO, IOCTUIIIN MMUKOBOI0 3HaYeHUs U ¢ 2024 roja nepenuiv K HUCXOAIeH TeHIeHIUH.
N3 obuero o0béMa BEIOPOCOB 52% NPUXOAUTCS Ha JerpalupoBaHHbIE TeppuTopuu, a 33% - Ha
BBIOPOCHI OT CKOTa, CKOHIIEHTPUPOBAHHOTO BCJEACTBUE TYPUCTUUYECKON JesTeNbHOCTH. B
Kazaxcranckom Aunrtae 82% COBOKYIHBIX BBIOPOCOB MapHHMKOBBIX Tra3oB B cdepe Typusma
dopmupyroTcss 3a Cc4€T TpaHCHOPTHBIX cpeAactB. Ilpm »toM 14% BBIOPOCOB CBSi3aHO C
JerpaJiIupOBaHHBIMU 3eMJIIMHU, a 2% - C TYpUCTHUYECKMMH OTXojamu. [loiydeHHbIe pe3yabTaThl
OTIIMYAIOTCSI OT TPAJULMOHHBIX IPAKTUYECKUX IPEICTABICHUH O CTPYKTYpE TYPUCTHUECKOTO
BO3JECHCTBUS HA OKPYKAIONIYIO CPEY.

KaoueBble ciaoBa: AnTaiickuil TOpHBIH XpeOeT; SKOJIOrMYECKHi Typu3M; MapHUKOBBIE Ta3bl;
TEHJCHIIUU POCTa.

70



