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Global Interest of AR
§ Intensive and persistent moisture transport

for the Jan 1995 French flood

(Lu et al., 2013) 
(Najibi et al., 2017) 

Short flood

Missouri River Basin

Long flood



Global Interest of AR
IWV Global Map on 2016/06/30 00UTC IVT Global Map on 2016/06/30 00UTC

(Ma et al. 2018)
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varying shapes, orientations 
and curvatures

(Pan & Lu, 2019)



(Ralph et al., 2006) 
(Lavers et al., 2012) 

Tropical cyclone
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• Robust algorithm applicable to East Asia

• Reliable metrics for ARs with varying shapes/orientations/curvatures

• Effective step to distinguish TC-like features

• AR “flavor”/structure analysis

1992 2006 2012 After 2015

AR proposed
(Newell et al., 
1992)

IWV-based 
algorithm 
(Dettinger et al., 
2006; Neiman et 
al., 2008) 

IVT-based 
algorithm 
(Lavers et al., 
2012, 2013) 

2015

First global 
algorithm 
(Guan & 
Waliser, 2015

More advanced algorithms:

• Considered the spatiotemporal variability of moisture transport intensity.

• Tracked the whole life cycle of AR events.

• Quantified ARs with various metrics.

(Mundhenk et al., 2016; Sellars et al., 2017; Zhou et al., 2018; Payne & Magnusdottir, 2016; )

Development of AR 
identification algorithms

Motivation



In September 2019, we joined the ARTMIP project and contributed the AR 
global catalog (available at http://www.cgd.ucar.edu/projects/artmip/).

http://www.cgd.ucar.edu/projects/artmip/


Quick Basics of the PanLu2.0

1. IVT based

2.

Pan & Lu, 2019;
Pan & Lu, 2020 (under review)

Pathway Trajectory Filtering AR
Sequence

Dual thresholds

§ Local threshold: spatially smoothed (Gaussian Kernel density smoother) 85% IVT intensity quantile

§ Regional threshold: 80% IVT quantile in the entire AR detection region

§ Seasonality is considered by a three-month window for both monthly local & regional thresholds.
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Quick Basics of the PanLu2.0

1. IVT based

2.

Pan & Lu, 2019;
Pan & Lu, 2020 (under review)

Pathway Trajectory Filtering AR
Sequence

§ “Nearest neighbors + K-means + local regression”

inspired approach to search for next “centroid”

§ Two directional (forward/backward) search by moving

centroid along the weighted IVT direction
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Pathway Trajectory Filtering AR
Sequence

§ “Nearest neighbors + K-means + local regression” inspired approach to search for next “centroid”

§ Two directional (forward/backward) search by moving centroid along the weighted IVT direction

C forward new search point

E backward new search point

D new forward centroid

F new backward centroid



Quick Basics of the PanLu2.0

1. IVT based

2.

Pan & Lu, 2019;
Pan & Lu, 2020 (under review)

Pathway Trajectory Filtering AR
Sequence

§ Computer geometric metrics:

length, width, LWratio, turning angle series (𝜶𝒊, 𝜶𝒔𝒖𝒎 = ∑𝒊%𝟐𝒏(𝟏𝜶𝒊)

§ Eliminate ARs

whose length < 2000km, or LWratio < 2 or any 𝛼*+,>360°

§ Spatial and temporal continuity
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Pathway Trajectory Filtering AR
Sequence

§ Computer geometric metrics:

length, width, LWratio, turning angle series (!!, !"#$ = ∑ !!%&'
!() )

§ EliminateARs

whose length < 2000km, or LWratio < 2 or any %*+,>360°



Performance vSmooth curve that captures the varying shape/curvature 
of various ARs
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Pure ARs

Pure TC

What about ARs with different “flavors”?
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PanLu2.0

AR database

Segmentation

AR catalogue

§ Based on 𝐼𝐷𝑅!
coherence/discordant

§ Image segmentation 

§ Localized & 
segmental metrics

§ Classic geometric 
metrics



Some reminders

1. DifferentiateTMFs fromARs
§ When we apply some previous methods by others to EA

1. IVT direction based à midlatitudes ARs are discarded

2. AR location àARs from south Asian summer monsoon region
with substantial poleward moisture transport is discarded;
ITCZ seasonal shift is not considered



TMF Elimination

§ We implement a two-step criterion
to distinguish TMFs from ARs.

1). Marginal extratropical
components despite of their IVT
directions

2). Long residency in tropics and
limited poleward component, 
which reserves the Part A and 
eliminate Part B successfully Part A: related to 

South Asian monsoon Part B: Tropical 
moisture filament



Why should we care the internal structure of AR?

“We believe that distinguishing these systems thus understanding the underlying physical 
mechanism are tantamount to the identification of AR.” (Pan & Lu, 2020)
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Climatological Annual Cycle:
WNPSH
à (Cheng, Lu* and Dai, 2019)
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à (Dai, Cheng and Lu*, 2020)
…
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à (Lu* and Xiong, 2019)
Fronts
…



Parallel live chat on AS4.6 
EA AR: Annual Cycle,

Transitional Mechanism and
Precipitation Predictability,

by Pan & Lu
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