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Synoptic Weather Composites
ÅWPSH Extent at 500hPa
ÅInhibit other synoptic systems
ÅAffect variability of dynamics
Å0, 2, 5: westward & northward

1, 3, 4: farther from Taiwan

ÅStreamline at 700hPa
ÅCorrelated to WPSH extent
ÅDetermine the direction of 

the upstream

ÅMoisture Transport
ÅSensitive to the upstream with

various humidity
Å0,1,5: limited vapor from Pacific
Å2,3: more from southern China
Å4: most vapor from SCS
ÅThe magnitude is correlated to

the precipitation intensity

TCCIP Clusters in ERA5

Variability of Vertical Profiles
ÅSimilarThermodynamic Characteristics
ÅConvective instability allow in all clusters
ÅRH exhibits variation correlated to vapor transport

ÅVariant Dynamic Structure
ÅDifferent wind direction at low-level
ÅDifferentmagnitudeof wind shear

Ongoing Work
Å Cross-sectionanalysisto demonstratethe variabilityin verticalstructureof convections

andtheir propagationamongthe PHclusters
Å Investigatingthe specialclusters: Type1 (Yilan) andType4 (NortheastSMR)
Å Quantitativeestimationof the criteriaof determiningPHacrossmultiple scales
Å Providethe methodologyconnectingthe synopticclustersin historical data and the

localcirculationsin future semi-idealizedsimulations
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Abstract
Thisstudy investigatesthe determinationof precipitation hotspots(PH)during summertimeafternoon thunderstorms(ATS)in northern Taiwan,tracinga cascadeacrossmultiple
scales. Hierarchicalclusteringanalysisidentifiessixclustersof PHthat capturethe historicaleventvariability. Synoptic-scaleweathercompositesreveala correlationbetweencluster
occurrenceand the extent of the westernsubtropicalhigh-pressuresystem(WPSH)and the 700hPamoisturetransport pattern. Toexplorefiner-scalemechanism,we classified90
casesfrom the TaiwanVVMoutput by [Changet al., 2021] into the aforementionedsix clusters,focusingon four of them. Localcirculationinducedby orographyand seabreezes
determinesconvectiontriggeringlocations,while wind shearbetweensurfaceandmid-levelsinfluencesconvectionpropagation. Thevariabilityamongthesefactorsresultsin varying
PHpatterns. Furtheranalysiscouldprovidea methodologybridgingsynopticandlocalcharacteristicsfrom different approaches.

Introduction
ÅEnvironmental factors across multiple scales may influence the formation,

enhancement,andprecipitationof ATSin northernTaiwan.
ÅThe weak synoptic environment, conduciveto ATSoccurrence,is associated

with the extensionof the ridge of the west Pacificsubtropical high pressure
(WPSH)[e.g. Miao andYang,2020].
ÅLocal circulation has been recognizedas crucial one that determine the

intensityandthe PHof ATS[e.g., KuoandWu,2019].
ÅObjective: To investigatethe potential mechanismsdetermining the PH during

ATSevents. We examinedthe severalassociatedfactorsacrossvariousscales,and
presentthe environmentalcharacteristicsassociatedwith different PHpatterns.

Classification of TaiwanVVMSimulations
ÅComposite of Each 

Classification Type
ÅWethen focuson

types with more 
than 10 cases

Precipitation Hotspot Clusters
ÅTypical Precipitation Hotspots 
ÅPrimarilyorographicallylocked; alignedwith different terrain features

ÅIntensity and Frequency 
ÅDaily rainfallvariesapparentlyboth within andbetweenclusters
Å961 ATSevents accountedfor 17.9% of summertime,while PH Type 0 (widely

spread)andType5 (westSMR)occurredthe mostoften.

Data & Methodology
ÅStudyArea: NorthernTaiwan(120.7ǯE-122.1ǯE,24.4ǯN-25.4ǯN)
ÅCaseSelection: 961ATSEventsin 35-yr period
ÅWeak-synopticweatherdaysin TAD[Suet al., 2018] in MJJAS,1986-2020
ÅHigherrainfall in 13-24LTthan in 01-12LTin CWBrain gaugeobservations
ÅExcludeDayswith averageaccumulatedrainfall> 1mm in 01-12LT

ÅIdentify PrecipitationHotspot: ClusteringAnalysis
ÅTCCIP1-km GriddedHistoricalDailyPrecipitationDatasetv2
ÅNormalizedby dividingvaluesby the maximumof the day(focuson spatialpattern)
ÅHierarchicalclusteranalysis:²ŀǊŘΩǎlinkage,prescribedcluster# = 6

ÅIdentify the FavorableSynopticEnvironmentfor Hotspots: WeatherComposites
ÅUtilizedailymeanof ERA5 ReanalysisDataset
ÅMakecompositesin the datesof respectiveclusters

ÅAnalyzethe LocalCirculationfor the Hotspots: TaiwanVVMSimulations
ÅUtilizethe 90casesof TaiwanVVMoutput in [Changet al., 2021]
ÅClassifythem asthe type of whichthe leastRMSEto the clustersaforementioned
ÅPresentthe subdailyevolutionof localcirculationin eachclassificationtype

Spatial Mean Precipitation [mm]

Widely Spread Yilan Central SMR

West SMRNortheast SMR Overall Strong

Clusters of TCCIP Precipitation, Daily Mean [mm]

Horizontal Wind Profile [kt]TaiwanVVM, Daily Precipitation Mean [mm]        

Total [90]

PH Widely Spread (Weak) Central SMR & Taipei Basin Overall Strong West SMR
700hPa Weak South-Southwesterly Stronger Southwesterly Weak Southwesterly Weak Easterly
Surface Southwesterly Southwesterly Weak Southwesterly Weak Southwesterly

08:00LT

PH Widely Spread (Weak) Central SMR & Taipei Basin Overall Strong West SMR
Sea Breeze All types have inflow convergence in several valleys and the basin (Stronger in Type 2 & 4)

RH Driest Wet Wet Dryer
Trigger Weakest, Later Basin & West SMR, Earlier Over SMR, Earlier West & Basin, Later
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SurfaceWind, Streamline at 700hPa, Precipitation Rate[color], Cloud ThicknessҗнƪƳώƎǊŜȅϐ

Contour:
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PH Widely Spread (Weak) Central SMR & Taipei Basin Overall Strong West SMR

Wind Shear Southerly in upper level Evident Weak in upper level
Evident in opposite 

direction
Development Toward north but 

inapparent propagation
Propagation toward 
Northeast & Basin

Continued inflow triggering Blocked in the west
Propagation Stationary Toward west

12:00LT

14:00LT

Local Circulation
ÅBackground Flow Induced by Orography

ÅSea Breeze Convergence and Orography Lifting Triggers the Convections

ÅWind Shear Impact on Development and Propagation of Convections


