Review of: A quasi-Lagrangian perspective on the role of dry and moist processes in the
formation of blocked North Atlantic-European weather regimes

This paper examines the onset dynamics for four blocked weather regimes over the North
Atlantic—European region using ERAS reanalysis data. They traced negative upper-tropospheric
PV anomalies and diagnosed the contribution from dry and moist processes. They shown two
distinct onset pathways to blocked regimes. Overall, the manuscript is well-written with clear
structure and logical flow. The authors did a good job on describing the background and research
questions clearly. The results are nicely presented that directly addresses the posed questions,
presenting a coherent narrative that is easy to follow. Their methodology is also solid and built
upon their previous work. The tracking of negative upper-tropospheric potential vorticity
anomalies (PVAs") combined with a quasi-Lagrangian PV tendency decomposition framework
to diagnose contributions from dry and moist processes represents the state-of-art approach. By
applying this framework across four distinct blocked regime types (Atlantic Ridge — AR,
European Blocking — EuBL, Scandinavian Blocking — ScBL, and Greenland Blocking — GL), the
study offers a novel perspective that effectively complements and extends existing Eulerian
analyses of blocking dynamics. This method provides valuable insights into the life-cycle
evolution of PVAs™ and the relative roles of dry versus moist processes in different blocking
configurations.

This manuscript shows some significant findings. First, about the non-local Development: they
demonstrated that most PVAs™ do not form in situ but propagate via upstream or retrogression
pathways. This challenges simpler, local formation paradigms. Second, they shown the dominant
role of moist processes: The study robustly demonstrates that divergent PV tendencies (DIVdiv),
linked to WCB activity, are the primary driver of PVA™ amplification prior to blocked regime
onset. This clarifies the ongoing debate on the importance of latent heating. Most interestingly,
they shown that pathway over regime type: The dynamics (especially moist contributions)
depend more on the PVA™ pathway (upstream vs. retrogression) than on the eventual blocked
regime type. This is a key insight for understanding variability. Lastly, they synthesizes Eulerian
and quasi-Lagrangian perspectives into a coherent narrative: blocking onset involves remote
moist amplification of PVAs™ followed by their local dry reorganization into the large-scale
blocked pattern. They are complementary stages of the same process.

The reviewer also has some major concerns regarding the below points, and would like to
request the authors to consider addressing these concerns.

First, there is some ambiguity in the interpretation of terms in the PV tendency equation — need
for clearer separation of "moist" versus "dry" contributions. In the quasi-Lagrangian PV
tendency framework, the authors attribute the LOW term to baroclinic interaction, the UP term to
upper-tropospheric (quasi-)barotropic dynamics, the DIVadv and DIVdiv terms to (indirect)
moist contributions, and the NONCONS term to non-conservative processes (including direct
diabatic effects and friction).

However, divergent processes are also inherent to 3D dry dynamics. In this framework, the
divergent terms (DIVadv and DIVdiv) include both diabatic and adiabatic contributions, which
are mixed and not separable in the presented analysis. Consequently, the claim of weak



baroclinic interaction (adiabatic contribution) appears unconvincing, as the two effects cannot be
clearly distinguished.

Furthermore, divergent flow associated with secondary vertical circulations plays a central role
in baroclinic conversion and eddy amplification. Similarly, in the Rossby wave packet (RWP)
and eddy kinetic energy (EKE) frameworks, the ageostrophic flux term (linked to downstream
development) is known to be important for eddy growth (e.g., Chang and Orlanski, 1993), and
this process persists and can dominate even in purely dry dynamics. The authors equate the UP
term with downstream development, yet the UP wind is non-divergent, whereas downstream
development is fundamentally driven by ageostrophic (divergent) processes. Attributing the
divergent terms predominantly to diabatic (moist) effects is therefore not fully persuasive
without a separation of the diabatic and adiabatic components of the divergent flow.

Second, diabatic contributions are likely concentrated in the NONCONS term, whose small net
value may reflect cancellation. In the authors' interpretation, the NONCONS term encompasses
non-conservative processes, including direct diabatic effects (notably latent heating) as well as
friction, radiative effects, and turbulent mixing. The authors report this term as small. However,
this small net value is likely the result of substantial cancellation among opposing processes —
in particular, strong positive PV tendencies from latent heat release and strong negative
tendencies from frictional dissipation. To accurately assess the true diabatic (especially
condensational) contribution to PV evolution, these individual non-conservative processes
should be diagnosed and presented separately rather than combined into a single residual term.

Third, composite budget analysis does not establish causality. The composite PV budget analysis
illustrates correlations between PV tendency terms and blocking onset/maintenance, but it does
not demonstrate causal relationships. The processes that amplify negative PV anomalies (PV")
do not necessarily drive the transition to a blocking regime. Instead, the reorganization of the
large-scale flow (even if contributing relatively small amplitude changes) may be more critical
for blocking establishment and persistence. For example, a similar PV budget signature to that
shown in Figures 6, 8, and 9 could potentially emerge for an arbitrary anticyclonic system
embedded in zonal flow, without it necessarily developing into a blocking event. This raises
questions about the specificity of the diagnosed mechanisms to blocking dynamics.

Further, regarding Figure 4

The two illustrated pathways overlap, with the violet colors largely obscured by the orange
colors. To improve clarity, the front (overlying) color could be rendered slightly transparent,
allowing both pathways to remain distinguishable.

Lastly, regarding clarification on the of V_up and V_low
Are the V_up and V_low fields two-dimensional (defined at a single level) or three-dimensional

(spanning multiple vertical levels)?



