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Blocking has been known for over 7 decades



Characterization of atmospheric blocking

Rossby waves Macroturbulence

• Small-amplitude
• Dispersion relation

“Persistent anomalous meandering of the jet stream”

• Inverse cascade
• Barotropitization

• Finite-amplitude
• Scale interaction

• Deterministic chaos
•Weather regimes



Wave dispersion

See also Lindzen (1986)



Hydraulic jump



Wave resonance

See also Petoukhov et al (2013)



Weather regimes



Deterministic chaos

See also Ghil et al (2018, 2020), Lucarini and Gritsun (2020)



Modons

See also Haines and Marshall (1987) and Butchart et al. (1989)



Scale interaction (maintenance)



Scale interaction (lifecycle)

See also H. Nakamura et. al (1997)



Local instability of a stationary wave

See also Swanson (2001), H. Nakamura (1994)



A wave activity perspective

𝐴 ≡ −∫!
"($,&,',()𝑞*(𝑥, 𝑦, 𝑦+, 𝑧, 𝑡)𝑑𝑦+

𝑞!(𝑥, 𝑦, 𝑦"𝑧, 𝑡) = 𝑞(𝑥, 𝑦 + 𝑦", 𝑧, 𝑡) − 𝑄#$%(𝑦, 𝑧, 𝑡)
See also Chen et al.  (2015)



A wave activity perspective

𝐴 ≡ −∫!
"($,&,',()𝑞*(𝑥, 𝑦, 𝑦+, 𝑧, 𝑡)𝑑𝑦+

𝑞!(𝑥, 𝑦, 𝑦"𝑧, 𝑡) = 𝑞(𝑥, 𝑦 + 𝑦", 𝑧, 𝑡) − 𝑄#$%(𝑦, 𝑧, 𝑡)

Local wave activity: Meridional 
displacement of QGPV from a zonally 
symmetric reference state QREF(y,z,t)
(Huang and Nakamura 2016)

Large LWA captures blocking
(Nakamura and Huang 2018)



A wave activity perspective
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A wave activity perspective
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Transmission Stagnation (unstable)

Nakamura and Huang (2017)

“carrying capacity”

Effective advective velocity



Nakamura and Huang (2017)



Connection to “climate change”

See also Valva and Nakamura (2021)



A case study (Dec 2016 N Atlantic)

•Vast majority of ensemble members underestimate the event 



Connection to extreme heat



Conclusions
• Well over seven decades after the first documentation of the phenomenon, the 

theory of blocking is still under development

• The approach varies greatly depending on how one characterizes blocking (e.g. 
finite amplitude Rossby waves vs. deterministic chaos)

• Local wave activity budget provides a framework to bridge observation and theory  

• The role of theory is to extract a canonical dynamics of blocking out of diverse 
manifestations, helping to form a testable hypothesis (e.g. sensitivity to climate 
change) and improve predictability (e.g. bifurcation between weather regimes)  

Rossbypalooza 2024: Climate and Extreme Events July 22 - August 2, Chicago
Application is open through April 28:  http://www.rossbypalooza.org

http://www.rossbypalooza.org

