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Introduction

The Republic of Tajikistan is endowed with abundant natural resources, including clean drinking
water and substantial glacier reserves, which give it a unique status in the world. Tajikistan pro-
vides more than 60% of Central Asia’s water resources.

Approximately 8% of the country’s total territory is covered by glaciers, which store an amount
of freshwater roughly 13 times greater than Tajikistan’s average annual river runoff. The main
glaciers of the country are located in the highest mountain ranges, such as the Academy of Sci-
ences, Darvoz, Peter the First, Vanj, Yazghulom, Zarafshon, and other regions. These areas offer
favorable conditions for glacier formation, due to their high altitudes and sufficient precipita-
tion. The glacierized area within the basins of the aforementioned rivers exceeds 5,000 km? and
includes the largest glacier in Eurasia — the Vanjyakh Glacier (Fedchenko Glacier).

Tajikistan’s climate, shaped by its complex geography, is characterized by high variability and
sharp contrasts: from hot and dry in the lowlands to harsh and cold in the high-altitude regions
of the Pamirs and the Hissor-Alay. The average annual air temperature, especially in mountain-
ous areas, has been gradually increasing, leading to accelerated glacier melting. At the same
time, changes in precipitation patterns, a decline in snowfall, and an increase in extreme weath-
er events have intensified the climatic impact on the country’s glacial systems.

Under the conditions of a changing climate, glaciers pose particular hazards, including the for-
mation and outburst of glacial lakes (GLOFs), as well as ice avalanches, which can result in signif-
icant economic losses and even human casualties in downstream areas.




Relevance of the Problem

During the summer months, increased melting of snow
and glaciers is expected, leading to the formation of
proglacial lakes in high mountain regions. Some of
these lakes, if their natural dams are breached, can trig-
ger powerful mudflows. Other glacial lakes, whose wa-
ters seep through moraine deposits or gradually evapo-
rate, pose a lower risk. However, the increasing volume
of meltwater within and beneath glaciers raises the
likelihood of glacier movement, collapse, and instabil-

ity.

According to preliminary estimates, the number of gla-
cial lakes in Tajikistan ranges from approximately 500
to 600. This number is believed to vary from year to
year (A. Kayumov, 2008-2021).

According to international research, between 1990 and
2019, the global volume, area, and number of glacial
lakes increased by 48%, 51%, and 53%, respectively. In
Central Asia, lake volume increased by approximately
20% (Shugar et al., 2020). This trend is expected to
continue under climate warming conditions, associated
with glacier retreat and melting (Shugar et al., 2020).

While glacial lakes are mostly located near glaciers, the
southern part of the Pamirs is a primary region for the
formation of erosion-type lakes. The number of glacial
lakes significantly increased between 1968 and 2009,
and this trend is gradually shifting toward higher-
altitude catchments.

In the Gorno-Badakhshan Autonomous Region (GBAO),
within the basin of the Panj River and its major tribu-
taries (Ghund, Shohdara, Bartang), there are more than
300 lakes. Among the largest lakes in the region are
Qarokul, Rangkul, Zorkul, Sarez, and Yashilkul
(Pirmamadov et al., 2020).

Monitoring and Research of Glacial
Lakes

During the Soviet era, regular monitoring and map-
ping of lakes were carried out across the territory of
Tajikistan, resulting in the compilation of catalogs
and registers of lakes. However, following the dissolu-
tion of the USSR, scientific research and systematic
monitoring in Tajikistan were significantly reduced
due to financial constraints. Although the Agency for
Hydrometeorology continued limited monitoring of
glacial lake conditions, most existing descriptions and
publications date back to 1990, and no new materials
had been published since then.

Information about glacial lakes remains quite limited,
as the data collected by the Agency for Hydrometeor-
ology has primarily been intended for internal use by
the government and relevant ministries and agencies.
The only publicly available document is the report
“Hazard Assessment for Lake Outburst Floods and
Selected Landslides in the Pamir-Alai Region” (IAG
-BOKU, Vienna, May 2010). This report was prepared
between April 2009 and May 2010 at the University
of Natural Resources and Life Sciences (BOKU) in Vi-
enna (Austria), in cooperation with the Agency for
Hydrometeorology of Tajikistan and the organization
FOCUS - Humanitarian Assistance in Tajikistan. The
project was funded by the Swiss Agency for Develop-
ment and Cooperation (SDC) and the UK Department
for International Development (DFID).

Following the adoption of the State Program for the
Study and Protection of Glaciers of Tajikistan for
2010-2030, the Agency for Hydrometeorology, as
the responsible institution, has intensified research
and monitoring of glacial lakes. This includes annual
fieldwork, aerial visual surveys, and remote
monitoring.

Methodology

This Atlas is the first publication to present the spatial distribution of glacial lakes larger than 0.01 km?
across the territory of Tajikistan, based on high-resolution satellite data.

The Atlas provides detailed information on all glacial lakes within every river basin of Tajikistan. In addi-
tion, it includes data on glacial lakes located in border areas.

The Atlas also contains a complete list of all glacial lakes, using a specialized classification system that in-
cludes geometric, geographic, and topographic characteristics.

The Atlas also contains a complete list of all glacial lakes, using a specialized classification system that in-
cludes geometric, geographic, and topographic characteristics.




Glacial Lake Outburst Floods (GLOFs)

Global changes — including climate change, rapid population growth, and accelerated urbanization — are increas-
ing the risks of water-related natural disasters. Natural catastrophes resulting from climate change cause significant
damage every year and negatively affect the economies of many countries.

Most natural disasters occurring in the Republic of Tajikistan are associated with intensified hydrometeorological pro-
cesses such as mudflows, avalanches, and floods.

Tajikistan’s abundant water resources are both a national asset and one of the primary sources of natural hazards. Each
year, the country experiences water-related disasters, including floods and mudflows. These emergencies are mainly
triggered by heavy precipitation, spring snowmelt, and abnormal glacier melting during the summer months.

Mudflows caused by the outburst of glacial or moraine-dammed lakes pose a serious threat. For example, in 2002, a gla-
cial lake outburst in the Roshtqgala District of Badakhshan claimed the lives of 25 people. Glacial and moraine-dammed
lakes generally form as a result of intense glacier melting and movement, which can block river channels.

Region caused substantial damage. In July 2017, mudflows blocked the Panj River, resulting in flooding of several house-
holds in the villages of Shirgovad and Khostav in the Darvoz District, and the temporary closure of the Dushanbe-
Khorugh highway.

Water-Related Emergencies in Tajikistan from 1997 to
2019
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Glacial Mudflow in the Village of Barsem, GBAO, in 2015

As a result of a glacial mudflow, the villages of Shirgovad and Khostav
in Darvoz District, GBAO, were flooded in 2017
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Pilot Region for the Study of Glacial
Lake Outburst Floods

The GLOFCA project — “Reducing the Vulnerability of
Populations in Central Asia to Glacial Lake Outburst
Floods in a Changing Climate” — is a regional initiative
launched in 2021 in Kazakhstan, Kyrgyzstan, Tajikistan,
and Uzbekistan with the support of the Adaptation Fund
and under the leadership of UNESCO. The main objective
of the project is to reduce risks associated with glacial

As part of the GLOFCA project in the Republic of
Tajikistan, the Surkhob Jamoat in the Surkhob River Ba-
sin of the Lakhsh District was selected as a pilot area, as
natural disasters related to glacial lake outbursts are
recorded there annually.

The primary research focus in this area is the Said

L .. Nafisi Glacier (Baralmos), classified morphologically as
lake outburst floods (GLOFS) by establishing early warn- ( _ ) _ _ P & y.
' ' ' - an unstable, actively moving glacier. Over the past five
ing systems, strengthening community resilience, and _ o7
. . . . . years, the glacier has exhibited irregular movement, re-
enhancing institutional capacity for monitoring and o _ 2
sulting in the formation and periodic outburst of lakes
emergency response. _ _
of varying volumes on its surface.

In Tajikistan, the project supports the development of a Mudflow events in this region have repeatedly de-

GLOF risk reduction roadmap, including the implemen- stroyed sections of the international highway, damaged

tation of early warning systems and the organization of power lines, and blocked the Surkhob River.

training courses for specialists and local communities.

Research results have shown that in the foothills of the Peter the First Range in the Lakhsh District, the frequency and
magnitude of mudflow events have increased over the past decades. The northern slopes of this range, particularly within
the Lakhsh area, are composed of unstable clay-sand formations, including marbleized limestones and other easily erodi-
ble rock types. Due to their low mechanical strength, these rocks disintegrate rapidly under the influence of water, con-

tributing to intense erosion and the formation of debris flows.

Furthermore, in the area of the Said Nafisi (Baralmos) Glacier, the unstable condition of the glacier and repeated glacial
lake outbursts regularly generate debris flows that travel more than 20 kilometers, blocking the Surkhob River. These out-

bursts cause powerful mudflows that extend dozens of kilometers downstream.

> » - - e ’

Destruction of the Dushanbe-Lakhsh-Osh Highay |
due to a mudflow event, 2023

i Glacier, 2023




Map of the Pilot Area Location
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Consultative assessments indicated that, as a result of natural disasters relat-
ed to glacial lakes, more than 3,508 houses and over 20,090 people could be
affected.
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Glacial Lakes in the Territory of the
Republic of Tajikistan

In the context of climate change and the rapid retreat of
glaciers, the monitoring of glacial lakes is a critical compo-
nent in ensuring public safety, protecting infrastructure,
and managing water resources. This issue is particularly
relevant for Tajikistan, where mountainous regions and
glaciers play a key role in the formation of water resources.

Modern techniques, developed using programming lan-
guages (Anaconda, Python modules) and satellite data, pro-
vide accurate and efficient means for glacial lake monitor-
ing. These technologies enable timely observations and in-
depth analysis, including in remote and hard-to-access
mountainous areas.

One of the key advantages, in particular, is that with the use

of satellite data and modern software tools, mountainous
regions — even hard-to-reach areas — can be easily moni-
tored.

One of the major advantages of these methods is that they
allow comprehensive monitoring even in inaccessible loca-
tions. High-precision identification of glacial lakes using the
NDWI (Normalized Difference Water Index ) and multi-
spectral satellite data makes it possible to distinguish lakes
from snow, ice, moraines, and rock surfaces. Automated al-
gorithms reduce the risk of human error and accurately re-
flect changes in water bodies.

Modern monitoring enables dynamic tracking of changes in
the state of glacial lakes. Timely observation and continuous
data analysis help detect variations in lake area and glacier
melt rates, which is essential for developing hydrological
models and assessing natural hazards.

As part of the GLOFCA project, using programming tools,
satellite imagery (Sentinel-2021), and GIS technologies, a
total of 1,436 glacial lakes were identified across Tajikistan.
Among these, 397 lakes have a surface area greater than
0.01 km?.




