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Highlights:

Data & Method:

Future Work:

Wave Activity Flux & Summary:

 Synoptic-scale bands of negative Potential Vorticity (PV) often interact with the jet. Interactions are most common during cold seasons along the Eastern USA coast. 

 Presence of negative PV next to jet is often co-located with jet streak, amplified ridge and enhancement of wave activity downstream. 

 Negative PV intensifies wave activity along the jet via the shear generated by strong anti-cyclonic circulation and coincident sharpening of mid-latitude PV gradient.

Data: ERA5. 250 hPa (PV, Z, U, V, q). 21 years (2000 – 2021) 0.5 degree 

resolution, 6 hourly. Domain: [65 – 25 N, 100 - 50 W]

Method: Find all -PV interactions within 100 km of jet. Create interaction 

centered composites based on mean location of interaction coordinate. 

 MPAS simulations quantifying role of resolution on negative PV.

 Manuscript in prep. for EGU journal (algorithm in prep. for GitHub).

Motivation:
 Recent cases show convective clouds tops produce vorticity 

dipoles which intensify jet. We assess regions of Negative Potential 

Vorticity (PV) [1,2] , a tracer for convectively generated vorticity.
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Question: What are the Composite Characteristics of Negative PV 

interactions with the Jet Stream?
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Circulation & Dynamics Composites:

1. Negative PV – Jet Interaction Tracker:

2. K-Means Clustering:
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% of time –PV occurs over 21-year period.
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(Mean composite ≠ amplified, EOF analysis shows ridge is dominant pattern). 

Solution: I.D 3 clusters (trained on centered PV field) using K-means to reveal ridges.

Clusters reveal highly 
amplified jet (squirrel)

> 98th Percentile 

Area (Length > 

1500 km)

Cluster 1 T=-24 Hr

QR Code to my profile 

+PV

Coordinate stays in same place, but ridge phase/amplitude varies in clusters.

W
R

F 
C

O
N

U
S
4
0
4
 4

 k
m

 r
u
n
. 

S
n
a
p

sh
o

t 
a
t 

2
5
0
 h

P
a
.

C
lu

st
e
r 

1

C
lu

st
e
r 

2

C
lu

st
e
r 

3

Interaction 

Coordinate

2 PVU

M
e
a
n
 C

o
m

p
o

si
te

Centered composites separated into 3 clusters show ridging environments.

Key Clustering Results:

• The interaction point is straddled by two PV dipole anomalies.

• +PV gradient (> .01 PVU km-1), wind speed (>25 m s-1) & ageostrophic wind speed (>15 m s-1) anoms.

• Circulation/Dynamics patterns usual of convective storm / warm conveyor belts environments

T=0 Hr [Time of interaction] T=24 Hr

2D WAF Equation at 250 hPa. Quantify the impact of –PV on the jet

For all clusters, strong WAF emerges at interaction day and moves downstream 24 hours later. 

Illustrating different terms in WAF equation for an archetype case of Cluster 1. Note the 

importance of the shear term and psi gradient term.
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x10-2Psi Gradient Term

All Negative PV All Negative PV

All Negative PV

98th Percentile –PV near Jet
98th Percentile –PV near Jet

x1014 km2

x1013 km2

-PV frequent over tropics and coastal Atlantic. The coastal Atlantic has an increasing freq. trend. For all –

PV, most freq. during summer. But elongated bands of –PV that interact with jet dominate cold season.

Median from 20 years

Freq. shift 

inland in 

Summer.

Freq. shift 

to ocean 

in Winter.

Significant at 98% level.
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PV Anomaly PV Gradient Anom. -PV Freq. > 60%

Geopotential 

Height Anom.
IVT Anom.

Wind Speed Anom.

Ageostrophic Wind 

Speed Anom.PV Advection 

via Irrot. Wind.

2PVU

Only showing WAF > 450 m2 s-2

2 PVU

-PV

Regions of strong Shear & Psi 

anomaly reinforce

Jet Streak 

(Region of 

strong PV 

gradient 

sharpening)

-PV region = enhanced WAF from 

shear & psi gradient

Global forecasting models struggle 

representing –PV. Can lead to large 

regions of WAF error (and non-divergent 

wind error)
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Term: 
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for PV 
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-PV

Summary Squirrel

Large-scale - PV strengthens jet 

via PV gradient sharpening &

interaction of strong anticyclonic

vorticity. This process may

frequently impinge on jet 

forecast skill over the Eastern 

USA given –PV’s convective scale 

origin. Read more in [3]
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