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Abstract: This article examines the nature, causes, and main types of
hydrometeorological hazardous phenomena, their impacts on the environment and
human life, and measures to prevent them and mitigate their consequences. It also
analyzes the hazardous natural phenomena that may occur in Uzbekistan and
highlights the importance of forecasting, monitoring, and early warning systems in
protecting the population.
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Introduction

Various meteorological and hydrological processes occurring in nature have a
significant impact on human life, economic sectors, and the environment. In some
cases, these processes intensify and may lead to natural disasters and emergency
situations. Such phenomena include heavy precipitation, mudflows, floods, droughts,
strong winds, hail, extreme cold, heatwaves, and snow avalanches.

Studying hydrometeorological hazards, forecasting them in advance, and
reducing potential damage are among the important tasks of the present day.
According to the World Meteorological Organization (WMO), monitoring,
forecasting, and timely warning of weather-, water-, and climate-related hazards play
a vital role in ensuring public safety.

The natural and geographical characteristics of Uzbekistan, including its
mountainous and foothill areas, high summer temperatures, and uneven distribution
of water resources across different regions, create conditions conducive to the
occurrence of certain hydrometeorological hazards. Therefore, scientifically studying
these phenomena and developing effective preventive measures are of considerable
importance.

1. The Concept of Hydrometeorological Hazardous Phenomena

Hydrometeorological hazardous phenomena are natural processes occurring in
the atmosphere and water systems that may cause damage to human life and health,
economic facilities, agriculture, and natural ecosystems.

WWW.OPENSCIENCE.UZ | IMPACT FACTOR 4.85 22 @) e |



“SCIENCE AND EDUCATION" SCIENTIFIC JOURNAL | ISSN 2181-0842 25 OCTOBER 2026 | VOLUME 7 ISSUE 10

Meteorological phenomena are primarily associated with atmospheric
conditions, air temperature, precipitation, wind speed, and other weather parameters.
Hydrological phenomena, in turn, encompass changes in the conditions and
movement of rivers, streams, reservoirs, surface water, and groundwater. These two
fields are closely interconnected, and one phenomenon often contributes to the
occurrence of another.

For example, heavy precipitation increases the volume of water flowing down
mountain slopes. This may lead to mudflows, rising river levels, and flooding.
Similarly, a prolonged lack of precipitation intensifies drought conditions.

The level of hydrometeorological risk depends on the intensity and duration of a
phenomenon, the area in which it occurs, population density, and the level of
preparedness of the affected area for natural disasters.

2. Main Types of Hydrometeorological Hazardous Phenomena

2.1. Mudflows.A mudflow is a powerful flow occurring in mountainous and
foothill areas as a result of heavy rainfall, rapid snowmelt, or other water-flow
processes. It often contains mud, sand, stones, and other rock materials.

Mudflows can move at high speeds within a short period and damage roads,
bridges, residential buildings, agricultural land, and engineering structures. The risk
of mudflows is particularly high in mountainous areas, where accurately determining
the time of their occurrence in advance is difficult.

To reduce mudflow risks, it is necessary to regularly monitor mudflow channels,
construct structures that regulate water flow, implement erosion-control measures on
mountain slopes, and provide timely warnings to the population.

2.2. Floods.A flood is a phenomenon in which rising water levels in rivers,
streams, canals, or other water bodies cause water to overflow beyond its normal
boundaries and inundate surrounding land.

Floods may occur as a result of heavy precipitation, rapid melting of snow and
glaciers, narrowing of river channels, malfunctions in hydraulic structures, or
blockages that obstruct water flow.

Flooding may submerge residential areas, destroy agricultural crops,
contaminate drinking water, and disrupt transportation.

To prevent or mitigate floods, it is important to monitor river channels, manage
reservoirs efficiently, strengthen protective embankments, and regulate construction
activities in hazardous areas.

2.3. Drought.Drought is a process characterized by a prolonged lack of sufficient
precipitation and a shortage of moisture, adversely affecting water resources, soil
moisture, and plant growth.

There are three main types of drought: meteorological, agricultural, and
hydrological. Meteorological drought is characterized by reduced precipitation;
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agricultural drought results from insufficient soil moisture; and hydrological drought
is associated with declining river flows and diminishing water reserves.

Drought can reduce agricultural productivity, degrade pastures, intensify water
shortages, and accelerate desertification.

To mitigate its adverse effects, water-saving irrigation technologies should be
introduced, water resources should be managed rationally, drought-resistant crop
varieties should be cultivated, and agricultural practices aimed at preserving soil
moisture should be implemented.

2.4. Strong Winds and Dust Storms. Strong winds occur when air masses move
at high speeds. They can damage trees and power transmission lines, tear off roofs,
impede transportation, and cause other forms of material damage.

In arid and desert regions, strong winds lift soil and sand particles into the air,
creating dust storms. These phenomena reduce visibility, adversely affect the
respiratory system, and intensify wind erosion of agricultural land.

To reduce the risks associated with strong winds, protective tree belts should be
established, buildings and other structures should be reinforced, weather forecasts
should be monitored, and movement in open areas should be restricted during
hazardous conditions.

2.5. Hail and Heavy Precipitation. Hail is an atmospheric phenomenon
characterized by the formation of ice particles in thunderstorm clouds and their
subsequent fall to the ground. Hail can damage agricultural crops, orchards,
greenhouses, vehicles, and buildings.

Heavy precipitation is characterized by a large amount of rainfall occurring
within a short period. Under such conditions, urban drainage systems may be unable
to remove excess water efficiently, causing low-lying areas to become flooded and
increasing the risk of mudflows in mountainous regions.

To reduce the consequences of these phenomena, meteorological monitoring
should be improved, drainage systems should be cleaned and maintained, agricultural
crops should be protected, and rapid warning measures should be implemented in
hazardous areas.

2.6. Extreme Cold, Frost Damage, and Snow Avalanches. Extreme cold is
associated with a significant drop in air temperature within a short period or the
persistence of very low temperatures over an extended period. Such conditions can
adversely affect public health, energy systems, transportation, and agriculture.

Frost can damage crop development and harm the flowers and buds of fruit
trees. In mountainous areas, unstable snow cover may also trigger snow avalanches.

To reduce these risks, temperature forecasts should be taken into account,
agricultural crops should be protected, buildings should be adequately heated, and
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warnings concerning avalanche hazards in mountainous areas should be strictly
observed.

2.7. Extreme Heat and Heatwaves. Extreme heat is a hazardous meteorological
phenomenon characterized by air temperatures rising above normal levels and, in
some cases, remaining elevated for an extended period.

High temperatures increase the risk of dehydration, heat exhaustion, and
heatstroke in the human body. They also increase demand for water, raise electricity
consumption, and intensify the water requirements of agricultural crops.

During heatwaves, people should drink sufficient amounts of water, limit
physical activity during the hottest hours of the day, remain in shaded areas, and pay
particular attention to the well-being of older people and children.

3. The Occurrence of Hydrometeorological Hazardous Phenomena in
Uzbekistan.Uzbekistan's sharply continental climate, hot and dry summers,
occasional periods of heavy precipitation, and mountainous terrain contribute to the
occurrence of various hydrometeorological hazards.

Mountainous and foothill areas are exposed to the risks of mudflows, floods, and
snow avalanches associated with heavy rainfall and snowmelt. In plains and desert
regions, drought, dust storms, high temperatures, and water shortages are among the
major concerns.

Increased precipitation during spring may raise the risk of mudflows and
flooding in certain areas. Prolonged hot weather in summer increases demand for
water resources. In winter and early spring, some regions may experience extreme
cold, frost damage, and strong winds.

In Uzbekistan, the Agency of Hydrometeorological Service plays an important
role in monitoring hydrometeorological hazards, observing weather and water
conditions, preparing forecasts, and disseminating relevant warnings.

To reduce these risks, it is necessary to develop hazard maps that account for the
natural characteristics of individual regions, plan residential areas appropriately, and
use water resources rationally.

4. Causes of Hydrometeorological Hazardous Phenomena. Hydrometeorological
hazardous phenomena arise under the influence of both natural processes and factors
associated with human activities.

Their main causes include:

- Changes in atmospheric circulation and the movement of air masses.

- Heavy or prolonged precipitation.

- Sharp increases or decreases in air temperature.

- Rapid melting of snow and glaciers.

- Prolonged precipitation deficits and declining water resources.

- Soil and vegetation degradation.
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- Inadequate maintenance of river channels and drainage systems.

- Climate change and the intensification of certain extreme events.

It should be emphasized that climate change cannot be considered the direct
cause of every hazardous phenomenon. However, it may alter the likelihood,
duration, or impacts of events such as heatwaves, heavy precipitation, and drought in
certain regions.

Human activities also influence the level of risk. For example, deforestation, soil
erosion, obstruction of natural watercourses, and uncontrolled construction in
hazardous areas can increase the damage caused by natural phenomena.

5. Economic and Environmental Consequences of Hydrometeorological
Hazardous Phenomena.Hydrometeorological hazardous phenomena affect numerous
sectors of society. Their consequences include not only direct material losses but also
long-term economic and environmental problems.

First, they threaten human life and health. Mudflows, floods, strong winds, and
extreme temperature changes may cause injuries, fatalities, or deterioration in health.

Second, economic sectors suffer losses. Drought and hail reduce crop yields,
floods damage infrastructure, and strong winds adversely affect power transmission
networks and transportation systems.

Third, environmental problems arise. These include soil erosion, contamination
of water sources, damage to vegetation, and destruction of natural habitats.

Fourth, these phenomena affect people's living standards. Damage to housing,
shortages of drinking water, reduced food production, and infrastructure failures
complicate everyday life.

Therefore, hydrometeorological risk management should not be limited to
providing assistance after a natural disaster has occurred. It must also include
advance preparedness and measures aimed at reducing risks.

6. Prevention of Hydrometeorological Hazardous Phenomena and Mitigation of
Their Consequences.It is impossible to completely eliminate all types of
hydrometeorological phenomena. However, their adverse consequences can be
significantly reduced through scientific observations, accurate forecasts, engineering
measures, and public preparedness.

Particular attention should be given to the following areas:

1. Improving monitoring and forecasting systems. The use of meteorological
stations, hydrological observation points, satellite data, and modern forecasting
models makes it possible to identify hazardous phenomena at an early stage.

2. Early warning of the population. It is important to ensure the rapid delivery of
warnings in potentially hazardous areas, explain appropriate emergency response
procedures, and develop evacuation plans for moving people to safe locations.
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3. Implementing engineering and infrastructure measures. Monitoring and
reinforcing mudflow channels, drainage canals, riverbanks, and protective
embankments helps reduce risks.

4. Rational use of natural resources. Water conservation, preservation of forests
and protective tree belts, prevention of soil erosion, and sustainable pasture
management contribute to greater environmental stability.

5. Improving public knowledge and skills. Conducting safety training sessions in
educational institutions, enterprises, and local communities helps people make
appropriate decisions during emergencies.

6. Strengthening interagency cooperation. Effective information exchange
should be established among the hydrometeorological service, emergency
management authorities, local administrations, environmental organizations, and
other relevant institutions.

An early warning system involves more than simply issuing forecasts. It
encompasses several interconnected stages: identifying hazards, disseminating
warnings, ensuring that the population understands those warnings, and implementing
appropriate protective measures.

7. Recommendations for Ensuring Public Safety. During hydrometeorological
hazardous events, every citizen must follow safety regulations.

- When a warning about mudflows or flooding is received, people should stay
away from streams, river channels, and low-lying areas.

- During strong winds, people should avoid standing near trees, electricity poles,
advertising structures, and unstable buildings.

- During dust storms, people should remain indoors whenever possible, close
windows and doors, and follow official recommendations.

- During extreme heat, people should drink sufficient water, stay in shaded
areas, and reduce strenuous physical activity.

- In mountainous areas exposed to avalanche risks, people should not enter
hazardous routes without observing relevant warnings and safety instructions.

- During emergencies, people should rely on official information sources and
follow the instructions of responsible authorities.

Public safety depends largely on the timely delivery of warnings, the correct
interpretation of those warnings, and responsible actions by citizens.

Conclusion

Hydrometeorological hazardous phenomena are complex processes occurring in
the natural environment that can have serious consequences for human life, the
economy, agriculture, and environmental sustainability. Events such as mudflows,
floods, droughts, strong winds, hail, extreme cold, and heatwaves manifest differently
across various regions.
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In Uzbekistan, reducing these risks requires consideration of regional natural
and geographical characteristics, improvement of hydrometeorological monitoring,
rational use of water resources, development of engineering protection structures, and
regular dissemination of information to the population.

Furthermore, under conditions of climate change, it is essential to assess the
potential impacts of hazardous phenomena, introduce modern technologies, and
strengthen cooperation between government institutions and the public.

In general, preventing hydrometeorological hazards and mitigating their
consequences require a comprehensive approach. Scientific research, effective
monitoring, reliable forecasts, early warning systems, and improved environmental
awareness can reduce losses associated with natural disasters and contribute to the
sustainable development of society.
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