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Abstract. Environmental emergencies arise through interactions among natural hazards,
technological failures, human activities and social vulnerability. This review examines major causal
pathways and evaluates contemporary prevention mechanisms, including industrial risk management,
environmental monitoring, geographic information systems, multi-hazard early warning, ecosystem-
based risk reduction and community preparedness. A structured qualitative synthesis of authoritative
international guidance was conducted, focusing on the Sendai Framework, UNEP environmental
emergency practice, WHO guidance on chemical incidents and the WMO-led Early Warnings for All
initiative. The analysis identifies a layered prevention model that combines source control, exposure
reduction, early detection, accountable governance and public action. For Uzbekistan, particular
relevance is attached to water-related stresses, dust and salt transport in the Aral Sea region and industrial
contamination risks. The findings are conceptual and documentary; no original field measurements or
experimental effectiveness estimates are claimed.
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INTRODUCTION
Environmental emergencies threaten ecosystems, public health, livelihoods and critical

infrastructure. Unlike routine environmental degradation, an environmental emergency typically entails a
serious or potentially rapidly escalating threat that requires urgent coordination and specialized response.
The United Nations Environment Programme (UNEP) describes environmental emergencies as situations
arising from natural, technological or human-induced hazards, or combinations of these, that cause
severe environmental damage and threaten lives and livelihoods [1]. This formulation recognizes that
environmental harm and human vulnerability are closely connected.

The causal landscape is increasingly complex. Industrial chemical releases may follow equipment
failure, poor maintenance or a flood; prolonged drought can worsen land degradation and water
insecurity; extreme precipitation can mobilize stored pollutants into rivers and settlements. The World
Health Organization (WHO) notes that chemical incidents can originate from accidental, intentional or
natural events and may develop suddenly or through less visible releases [2]. Prevention must therefore
address the conditions that generate hazards as well as the pathways through which people and
ecosystems become exposed.

The Sendai Framework for Disaster Risk Reduction 2015–2030 places risk understanding,
governance, investment and preparedness at the centre of disaster risk reduction [3]. Meanwhile, the
Early Warnings for All initiative emphasizes the connection between risk knowledge, monitoring,
communication and readiness to act [4]. These frameworks offer a basis for examining modern
environmental emergency prevention beyond isolated technical interventions.
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The aim of this article is to classify the principal factors contributing to environmental emergencies,
compare contemporary preventive mechanisms and propose an integrated, context-sensitive prevention
model relevant to countries such as Uzbekistan.

MATERIALS AND METHODS
A qualitative documentary review and comparative thematic analysis were used. Primary

institutional sources were UNEP guidance on environmental emergency response [1], WHO guidance on
chemical incidents [2], the UNDRR Sendai Framework [3], WMO documentation on Early Warnings for
All [4], and UNECE materials connecting industrial accident prevention with disaster risk reduction [5].
Additional context was obtained from UNEP guidance on climate information and early warning [6]. The
sources were selected for their institutional authority, explicit relevance to environmental risk and
publicly accessible documentation.

The analysis proceeded in four steps. First, causal factors were grouped into natural and climate-
related, technological, anthropogenic land-use, and governance vulnerability dimensions. Second,
preventive measures were classified by stage: preventing release or degradation at source; reducing
exposure; detecting changes; communicating warnings; and preparing response capacities. Third, the
categories were compared in a matrix of mechanisms, benefits and limitations. Fourth, an integrated
model was derived by mapping mechanisms onto the four pillars of people-centred early warning and the
Sendai priorities.

This is a narrative analytical review rather than a systematic meta-analysis. It does not estimate
causal effects or the statistical frequency of emergencies, and it does not present simulated data as
observed results. Recommendations for Uzbekistan are reasoned applications of the international
frameworks, not evaluations of implemented national projects.

RESULTS
1. Major contributing factors
Natural and climate-related factors include floods, droughts, wildfires, storms and heat extremes.

Their environmental consequences may include erosion, contaminated runoff, habitat loss, smoke
exposure and pressure on water resources. The disaster impact is determined not only by the physical
hazard but also by exposure, vulnerability and institutional capacity, as stressed by the Sendai
Framework [3]. Therefore, a hazard does not inevitably become an emergency: land management,
infrastructure condition and preparedness shape outcomes.

Technological and industrial factors include failures of chemical storage, transport systems,
pipelines, wastewater treatment facilities and industrial safety controls. WHO identifies factory
explosions, chemical contamination of food or water, spills and transport leaks among possible chemical
incident pathways [2]. A distinctive feature of such events is the possibility of cascading effects: an
initial mechanical or natural event may trigger contamination, disrupt drinking-water services and require
evacuation or other protective actions.

Anthropogenic environmental pressures include inappropriate waste disposal, ecosystem
conversion, unsustainable water abstraction and poor management of contaminated land. These processes
often develop gradually; however, they may increase the severity of an acute emergency by weakening
natural buffers or concentrating exposed populations. Governance-related drivers include insufficient
inspections, fragmented monitoring, weak data sharing, inadequate land-use planning and limited public
access to actionable warnings. These drivers affect both hazard likelihood and response capacity [3, 5].

2. Contemporary prevention mechanisms
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Source-oriented prevention addresses dangerous conditions before an incident. It encompasses
safer industrial processes, preventive maintenance, hazardous-substance inventories, secondary
containment, emergency shut-off systems, inspections and compliance oversight. For chemical hazards,
the primary objective is to reduce the probability and scale of uncontrolled releases; preparedness plans
alone cannot substitute for safe facility design and operation [2, 5].

Environmental observation and geospatial analysis support the identification of emerging threats.
Ground sensors, laboratory testing, remote sensing and geographic information systems (GIS) can be
combined to monitor water quality, atmospheric conditions, land cover and the location of vulnerable
settlements. Yet each information source has limitations: low-cost sensors require calibration, satellite
products may have spatial or temporal gaps, and models depend on the quality of input data. Decisions
should therefore rely on validation and multiple lines of evidence.

Multi-hazard early warning connects knowledge of risk with observation, forecasts, warning
dissemination and preparedness to respond. These four elements are explicitly articulated by the Early
Warnings for All initiative [4]. The key institutional implication is that a monitoring signal is not itself a
successful warning: agencies must determine thresholds, assign authority to issue messages, reach
exposed communities and communicate feasible protective actions.

Ecosystem-based risk reduction can complement engineering measures. Protecting vegetation,
wetlands, floodplains and soils may reduce erosion or buffer certain hazards, although effectiveness
depends on local ecological conditions and the specific hazard. Public education, community exercises,
transparent risk communication and inclusive evacuation planning address the human component of
preparedness. They should be adapted for people with disabilities, older adults, children and groups with
limited digital connectivity.

3. Comparative matrix of prevention measures
Mechanism Principal preventive

contribution
Implementation challenge

Industrial safety and inspections Reduce probability and
magnitude of toxic releases

Enforcement, maintenance and
resource needs

Monitoring, GIS and remote
sensing

Detect anomalies and map
exposed areas

Calibration, coverage and data
interoperability

Multi-hazard early warning Translate risk information into
timely public action

Last-mile delivery and
institutional coordination

Ecosystem-based measures Limit erosion and buffer
selected environmental hazards

Site-specific performance and
long time horizons

Training and community
preparedness

Improve understanding and
protective responses

Inclusion, repetition and
evaluation

The comparison indicates that prevention measures operate at different points in the risk chain.
Industrial controls aim to prevent hazardous events; environmental monitoring and mapping improve
situational awareness; warnings and training help prevent exposure from becoming injury or loss. Their
combined value is therefore greater in principle than that of any isolated measure, although site-specific
performance requires empirical evaluation.

4. Integrated prevention framework
The proposed framework has five connected functions: (1) identify and register hazards, exposure

and vulnerability; (2) reduce risks at source through regulation and safer practice; (3) maintain
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interoperable environmental monitoring and risk maps; (4) issue verified, understandable warnings
through redundant channels; and (5) test protective actions through exercises, audits and after-action
reviews. Governance arrangements should specify responsible institutions, decision thresholds,
information-sharing procedures and review cycles. This model is a conceptual synthesis of UNEP, WHO,
UNDRR and WMO guidance [1–4].

DISCUSSION
The evidence reviewed suggests that environmental emergency prevention should be understood as

risk governance rather than technology deployment alone. Sophisticated sensors may detect
contamination, but the practical benefit depends on data quality, legally assigned responsibilities and
rapid public-health or environmental action. Conversely, effective industrial controls can prevent a
release before any warning is needed. Prevention and preparedness are complementary but distinct
functions.

For Uzbekistan, a risk-specific approach is preferable to a uniform national template. In the Aral
Sea region, the interaction of exposed dry seabed, wind and population vulnerability makes dust and salt
transport a relevant monitoring and communication concern. In industrial areas, hazardous-substance
inventories, facility inspection and environmental sampling may be more directly applicable. For water-
stressed areas, drought monitoring, water-quality surveillance and contingency planning warrant
attention. These are proposed priorities for assessment, not claims that particular emergencies have
occurred at specified rates.

An important limitation of many modernization initiatives is the gap between digital coverage and
equitable protection. Warnings distributed only through smartphone applications may not reach people
without reliable connectivity. Multi-channel communication, local-language messages and cooperation
with community organizations can help reduce this gap. The WMO initiative explicitly includes warning
dissemination and preparedness as separate pillars, underscoring that technical detection alone is
insufficient [4].

Evaluation should use measurable indicators: the proportion of high-risk facilities inspected, sensor
uptime and calibration status, warning lead time, reach of alerts, time required to verify incidents,
participation in exercises and the rate of corrective actions completed. These are suggested evaluation
metrics, not observed statistics. Future empirical studies should test the framework in selected districts
using baseline risk assessments, documented interventions and transparent before-and-after comparisons.

CONCLUSION
Environmental emergencies result from interacting natural, technological, anthropogenic and

institutional factors. Their prevention requires an integrated strategy that begins with safer practices and
land-use decisions, continues through reliable monitoring and risk assessment, and culminates in
inclusive early warning and practical community readiness. International guidance supports coordinated
governance, investment in prevention and people-centred warning systems. For Uzbekistan, the most
useful next step is locally tailored pilot assessment of industrial, water-related and dust-associated risks,
accompanied by clear responsibilities, validated monitoring data and independent evaluation. The review
provides a conceptual basis for such work without claiming experimental verification.
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