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Abstract

Synoptic climatology is the branch of climate science that examines
the linkages between large scale atmospheric circulation patterns
and regional or local climate variations. By classifying weather
situations into distinct circulation types and correlating these with
surface weather and climate variables, this approach provides
insights into climate variability, extreme events, and environmental
responses. Synoptic climatology has applications in extreme
weather analysis, air quality studies, hydrology, and climate change
assessments. This review outlines the conceptual framework, key
methods, and environmental applications of synoptic climatology.
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Introduction

Synoptic climatology is defined as the study of climate from the
perspective of atmospheric circulation, focusing on the relationships
between synoptic-scale weather systems and local or regional climate
differences. It emerged in the 1940s during World War IT when weather
conditions were analyzed to support military and transportation
operations. Since then, the discipline has become a foundational tool
in climate science to understand how large-scale patterns influence
surface weather and climate.

Unlike general climatology — which examines climate averages
and long-term variability — synoptic climatology emphasizes the
circulation patterns of the atmosphere (e.g., high- and low-pressure
systems, fronts, air masses) and how these patterns affect temperature,
precipitation, wind regimes, and extreme events. This approach
bridges meteorology with climatology, making it especially useful for
analyzing climate variability, extreme weather events, environmental
impacts, and climate change dynamics.

Synoptic climatological studies generally involve two stages: (1)
classification of atmospheric circulation into distinct types or regimes,

and (2) examination of the relationship between these circulation
types and local surface climate variables such as temperature, rainfall,
or pollution levels [2].

Core Concepts of Synoptic Climatology

Large-scale atmospheric circulation is driven by global
temperature gradients and Earth’s rotation. Synoptic-scale weather
systems — such as extratropical cyclones, anticyclones, and frontal
zones — typically span hundreds to thousands of kilometers and
persist for several days. These features are the primary units of analysis
in synoptic climatology.

Synoptic climatologists classify daily weather into circulation
types using objective or subjective methods. Objective classifications
include clustering techniques, self-organizing maps (SOMs),
empirical orthogonal functions, and circulation indices [2]. Subjective
classifications rely on expert interpretation of weather maps. Once
circulation types are defined, statistical relationships between the
types and local climate variables can be quantified, allowing scientists
to understand how certain patterns (e.g., blocking highs or cyclonic
flows) influence temperature and precipitation.

As an example, air mass categories such as continental polar or
maritime tropical significantly shape local weather conditions. By
grouping days into these circulation categories, researchers can analyze
the influence of persistent patterns on long-term climate statistics like
seasonal rainfall totals or heatwave frequency [3].

Synoptic climatology research uses diverse methodological tools:

clustering procedures, principal components analysis, or artificial
neural networks that group similar daily circulation patterns.
Recognizing recurring circulation structures that persist over weeks
or seasons. Averaging climate variables over categories of circulation
types to reveal distinct signatures. correlating synoptic patterns with
surface climate responses like precipitation anomalies or temperature
extremes.

The purpose of these methods is to reduce the complexity of
infinite weather variability into a manageable set of representative
circulation scenarios that explain much of the observed climate
variability [4].

Synoptic climatology has wide applications in both research and
practical areas:

identifying patterns associated with heatwaves, severe storms,
or drought conditions. Linking synoptic types to air pollutant
concentrations, since stagnation patterns tend to coincide with high
pollution episodes. Associating circulation regimes with streamflow
or flood risk, enhancing water resource planning. evaluating how the
frequency and persistence of certain circulation patterns might shift
under climate change scenarios. For example, studies have shown that
objective synoptic classifications can isolate air mass types associated
with high sulfur dioxide concentrations, providing insight beyond
traditional regression models [5].

Conclusion

Synoptic climatology is a powerful scientific framework that
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combines meteorological circulation analysis with climatological
interpretation. By categorizing atmospheric circulation patterns
and linking them statistically with regional climate variables, this
approach captures key processes that shape climate variability, extreme
weather, and environmental responses. Its applications span from air
quality assessment to climate change diagnostics and hydrological
forecasting. With advancing computational techniques and large
atmospheric datasets, synoptic climatology continues to evolve,
offering essential insights into how weather systems drive climate at
local to global scales. Continued refinement of classification methods
and integration with dynamic climate models will further enhance its
relevance in climate science and applied environmental analysis.
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differences; atmospheric circulation classification is central to the discipline.
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