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Abstract 
This document proposes a novel classification of atmospheric phenomenon designated the 
Torstorm, defined as a mesocyclone that descends to ground contact as an extremely wide and 
vertically lengthy vortex. The Torstorm is not a new vortex forming from scratch. It is the 
transition of an already existing, already coherent mesocyclone column into ground contact 
across its full width simultaneously. 

 
Unlike a conventional tornado, which is a subsidiary vortex spawned beneath the mesocyclone, 
a Torstorm is the mesocyclone itself making ground contact. This distinction is fundamental, the 
Torstorm inherits the pre-existing coherence, vertical alignment, and rotational energy of its 
parent mesocyclone rather than generating these properties during formation. 

 
The hypothesis is supported by six scientific pillars: conservation of angular momentum, 
thermodynamic energy mechanics, atmospheric vorticity theory, the Dynamic Pipe Effect as a 
coherence mechanism, pressure gradient dynamics, and a transition mechanism rooted in 
documented supercell occlusion behavior. The concept has been subjected to critical review 
and refined accordingly. TS1 and TS2 scale events are assessed as most physically defensible 
under current atmospheric science. TS3 and TS4 represent theoretical upper boundaries where 
fragmentation into internal vortices becomes probable. 
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1. Core Concept, Precise Definition 
A Torstorm is, in the most literal sense, a mesocyclone that has collapsed to the ground as an 
extremely wide and vertically lengthy vortex. 

 

Critical framing: The Torstorm is not a giant tornado that forms. It is an existing 
mesocyclone that descends. 

 
This distinction resolves the most fundamental challenge the concept faces. A conventional 
tornado forms as a new, subsidiary vortex structure that must develop coherence, vertical 
alignment, and rotational intensity from scratch beneath the mesocyclone. A Torstorm bypasses 
all of those formation requirements entirely, because the mesocyclone is already coherent, 
already vertically aligned, and already rotating at full intensity before the collapse begins. 

 
The Torstorm represents a change in how an existing atmospheric structure interacts with the 
surface, not the creation of a new structure. This is a physically and conceptually different 
proposition from a large tornado, and it is a more defensible one. 

 
The 'extremely wide' dimension is inherited directly from the parent mesocyclone's diameter, 
typically 2 to 10 miles, with extreme cases extending further. The 'vertically lengthy' dimension 
refers to the full atmospheric column depth of the mesocyclone making ground contact 
simultaneously, typically 3 to 15 kilometers of rotating air descending as a single unit rather than 
a tornado gradually extending downward from above. 
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2. The Six Scientific Pillars 

2.1  Conservation of Angular Momentum 
Conservation of angular momentum is the foundational physical law supporting the Torstorm's 
mechanical plausibility. The governing equation is: 

 

v₁ × r₁ = v₂ × r₂ 

 
Where v₁ is the initial rotational wind speed of the mesocyclone, r₁ is the initial radius, v₂ is the 
final rotational speed after contraction, and r₂ is the contracted radius. A reduction in radius must 
produce a proportional increase in rotational velocity, the same physics that causes a spinning 
figure skater to accelerate when pulling their arms inward. 

 
A mesocyclone is already rotating. When its column contracts radially during collapse, rotational 
velocity must increase by physical law. This principle requires no exotic atmospheric conditions, 
it is a universal consequence of angular momentum in any rotating fluid system, and it is the 
same principle governing conventional tornado intensification at a larger scale. 

 

2.2  Thermodynamics and CAPE 
CAPE, Convective Available Potential Energy, measures the stored energy available to fuel a 
thunderstorm's updraft. A supercell feeds on CAPE continuously through sustained inflow of 
warm moist air at its base, consuming it gradually over 2 to 4 hours while replenishing as it 
goes. 

 
A Torstorm collapse breaks this balance catastrophically. When symmetric RFD occlusion cuts 
off the inflow simultaneously around the entire mesocyclone base, the CAPE supply is severed 
completely. The stored rotational energy of the mesocyclone cannot simply dissipate, with inflow 
cut off and the updraft column collapsing, all remaining energy is redirected into the contracting 
vortex at once. 

 
The Torstorm is therefore thermodynamically terminal, an explosive one-time expenditure of the 
storm's remaining energy rather than a sustained process. This directly explains the event's 
brief lifetime and contributes one of three independent physical mechanisms driving its short 
duration. 

 

2.3  Vorticity, Tilting and Stretching 
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Vorticity is the measurement of rotation in a fluid. The atmosphere contains horizontal vorticity 
naturally wherever wind speed varies with altitude, a condition present in virtually all 
atmospheric environments due to surface friction. When a supercell's updraft intercepts this 
horizontally rotating air and tilts it upright, horizontal vorticity is converted into the vertical 
vorticity comprising the mesocyclone. This tilting process is the documented, universally 
accepted origin of mesocyclone rotation. 

 
Once vertical vorticity exists in the mesocyclone column, it intensifies through stretching, the 
vorticity equation states that vertical vorticity increases when the rotating column is stretched. 
This is mathematically equivalent to conservation of angular momentum and constitutes 
independent confirmation from fluid dynamics of the same physical truth. 

 
In a Torstorm, the entire column of vertical vorticity comprising the mesocyclone is stretched 
downward to ground contact simultaneously across its full width. No subsidiary vortex alignment 
is required because the entire vorticity column is already aligned, it is the mesocyclone itself. 
The vorticity mechanisms are identical to those producing conventional tornadoes, operating at 
the scale of the full storm. 

 

2.4  The Dynamic Pipe Effect, Coherence Mechanism 
The Dynamic Pipe Effect is the most important scientific pillar addressing the coherence 
challenge. It directly addresses the central challenge raised in peer review: what prevents the 
mesocyclone from fragmenting into multiple smaller vortices during collapse rather than 
descending as a unified structure? 

 
The Dynamic Pipe Effect describes the state achieved inside a mature mesocyclone when 
cyclostrophic balance is established, the balance between the pressure gradient force driving air 
inward and the centripetal force of the rotation. When cyclostrophic balance is achieved, airflow 
toward or away from the vortex center is strongly suppressed. The rotating column becomes 
self-maintaining, resisting both inward collapse and outward dispersion. 

 

In existing meteorological literature, this state is described through cyclostrophic balance and 
columnar vorticity alignment. Dynamic Pipe Effect is the descriptive term used in this document 
for that combined stabilizing state. 

 

The Dynamic Pipe Effect means the mesocyclone already behaves as a coherent 
vertical pipe of rotating air before the Torstorm collapse begins. Coherence does 
not need to be created, it is inherited. 

 
Research shows that the Dynamic Pipe Effect can produce a mesocyclone extending the full 
depth of the thunderstorm, from approximately 1 kilometer above the ground to near the storm's 
top at approximately 15 kilometers. When this full-depth coherent column undergoes the 
symmetric occlusion collapse described in the transition mechanism, it descends as a 
pre-organized structure rather than a chaotic one. 
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Additionally, research documents that nearly half of all tornadoes form at all heights 
simultaneously rather than descending gradually top-down. This simultaneous full-depth spinup 
is the conventional tornado analog of the Torstorm mechanism, the Torstorm scales that 
simultaneous full-depth ground contact process up to the entire mesocyclone width. 

 
The Dynamic Pipe Effect does not guarantee perfect coherence at all scales. At TS3 and TS4 
scales, the vortex grows large enough that Kelvin-Helmholtz shear instabilities and boundary 
layer turbulence can overcome the DPE's stabilizing influence, producing fragmentation into 
internal sub-vortices. But at TS1 and TS2 scales, the DPE provides sufficient stabilization that a 
unified descending column is physically consistent with known atmospheric behavior. 

 

2.5  Pressure Gradient Dynamics 
Wind is driven by pressure gradients, the difference in atmospheric pressure between two points 
across a distance. All rotating vortices maintain themselves through cyclostrophic balance 
between the pressure gradient force and the centripetal force of rotation, described by: 

 

v = √(R/ρ × ΔP/ΔR) 

 
The highest directly measured pressure drop inside a tornado is 194 millibars, recorded in Tulia, 
Texas in 2007. In a Torstorm, pressure drop and wind speed are inseparably linked through this 
balance, the wind speeds derived from angular momentum calculations require corresponding 
pressure deficits to exist, scaling from approximately 100-150 millibars in a TS1 event to 
400-500 millibars at the TS4 ceiling. 

 
A self-termination boundary exists at approximately 400-500 millibars of pressure deficit where 
two independent physical limits converge: the surrounding atmosphere loses sufficient pressure 
mass to sustain vortex inflow, and wind speeds approach the compressibility regime where 
standard atmospheric fluid dynamics break down. This provides an internally consistent physical 
ceiling on Torstorm intensity derived from the physics itself. 

 
The pressure gradient also creates a self-reinforcing positive feedback loop during collapse: 
contraction increases rotation, higher rotation requires steeper pressure gradient, steeper 
gradient accelerates inward collapse, faster collapse tightens contraction further. Once initiated 
past a critical threshold, this loop is self-accelerating and irreversible until thermodynamic 
exhaustion. 

 

2.6  The Transition Mechanism 
The transition mechanism explains what specifically causes a supercell to undergo Torstorm 
collapse rather than conventional tornadogenesis. It operates in three stages: 
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Stage 1, Symmetric Occlusion Without Prior Tornadogenesis 
The Rear-Flank Downdraft must complete a full symmetric wrap around the entire mesocyclone 
faster than a subsidiary vortex can establish itself. In normal supercell behavior, RFD 
asymmetry allows tornadogenesis to begin before occlusion completes. A Torstorm requires the 
RFD to be both exceptionally powerful and near-perfectly symmetric, outrunning conventional 
tornado formation entirely. 

 

Stage 2, Simultaneous Total Inflow Cutoff 
When the symmetric wrap completes, inflow is cut off simultaneously around the entire 
mesocyclone base. The updraft loses its fuel source across its full width at once. The stored 
rotational energy of the mesocyclone, already organized into a coherent DPE column, has no 
lateral escape pathway and is forced downward and inward simultaneously. 

 

Stage 3, Irreversible Feedback Engagement 
Once the collapsing mesocyclone contracts past a critical radius threshold, the pressure 
gradient feedback loop engages fully and the transition becomes irreversible. The entire 
mesocyclone's vertical vorticity column is already perfectly aligned for ground contact because it 
is collapsing as a single unified DPE structure rather than forming a new subsidiary tube. 
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3. Peer Review Challenges and Responses 
This hypothesis was subjected to independent critical review. The following summarizes the 
primary challenges raised and the responses incorporated into this revised edition. 

 

Challenge 1, Vortex Coherence and Fragmentation 
Original challenge: A mesocyclone is too diffuse and asymmetric to collapse as a single 
coherent unit. Rotating fluid systems tend to fragment into multiple smaller vortices rather than 
maintaining unified rotation at large scales. 

 

Response: The challenge was valid against the original framing but is resolved by 
the refined concept. The Torstorm is not a giant vortex forming from scratch, it is 
an existing, already-coherent mesocyclone descending. The Dynamic Pipe Effect 
establishes that mature mesocyclones already maintain coherent full-depth 
column structure before any collapse begins. Fragmentation must overcome 
existing organization rather than exploit its absence. At TS1-TS2 scales this 
distinction is sufficient. Fragmentation is conceded as probable at TS3-TS4 
scales, producing internal multi-vortex structure rather than a unified wall, still 
constituting a Torstorm event. 

 

Challenge 2, Angular Momentum Closed System Assumption 
Original challenge: The angular momentum equation assumes a closed system, but real 
mesocyclones continuously exchange air with their environment. Turbulence redistributes 
angular momentum, capping real wind speeds well below theoretical results. 

 

Response: Valid and incorporated. Wind speed estimates in this document apply a 
30% friction reduction factor to all results and are explicitly labeled as 
conservative estimates rather than precise predictions. The turbulent loss 
problem is one reason the TS4 ceiling is physically derived from self-termination 
boundaries rather than raw angular momentum calculations. 

 

Challenge 3, Pressure Numbers Too Extreme 
Original challenge: Pressure deficits of 400-500 millibars would cause the vortex to break down 
before sustaining itself. The atmosphere cannot support that gradient at the surface. 
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Response: This challenge was independently identified and corrected before 
external review. The self-termination boundary at approximately 400-500 millibars 
is already incorporated as the physical ceiling; the hypothesis explicitly states the 
vortex cannot sustain itself beyond this threshold. The challenge validates the 
correction rather than undermining the hypothesis. 

 

Challenge 4, Radar Detection 
Original challenge: A vortex 20-50 miles wide with extreme rotation would produce a massive 
velocity couplet detectable by modern Doppler radar systems. It would not go unnoticed. 

 

Response: Valid refinement to the recognition argument. The revised position is 
not that a Torstorm would be invisible on radar, but that it would be 
misinterpreted, the radar signature would resemble an extreme mesocyclone 
undergoing occlusion and collapse, a known and documented supercell lifecycle 
event. Without an existing classification framework for Torstorm events, operators 
would have no category to correctly interpret the data. The phenomenon would be 
detected but not understood. 

 

Remaining Open Question 
The one challenge that peer review identified as requiring numerical simulation rather than 
analytical argument is collapse stability, whether the mesocyclone column can descend 
coherently without fragmenting during the transition itself. The Dynamic Pipe Effect addresses 
the pre-collapse state. The descent phase remains the frontier of the hypothesis, requiring 
computational atmospheric modeling to test definitively. 
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4. Why Torstorm Lifetimes Are Brief, Three 
Independent Mechanisms 
The extreme brevity of a Torstorm event is not an arbitrary assumption. It is explained by three 
independent physical mechanisms that converge to terminate the event rapidly: 

 

Mechanism 1, Thermodynamic Exhaustion 
A Torstorm spends its parent storm's entire remaining CAPE reserve in a single terminal burst 
rather than consuming it gradually. Once the inflow is cut off by symmetric occlusion, no new 
energy enters the system. The vortex runs on stored energy only, exhausting it rapidly at the 
extreme power output levels involved. 

 

Mechanism 2, Boundary Layer Friction 
The moment the vortex column makes ground contact, surface friction disrupts the flow at the 
base of the rotating column. Friction generates inflow jets, turbulence, and secondary vortices 
that bleed rotational energy and destabilize the coherent column structure. This is the same 
mechanism that causes conventional tornadoes to produce sub-vortices near the surface, 
operating at Torstorm scale. 

 

Mechanism 3, Kelvin-Helmholtz Shear Instabilities 
Large rotating vortices develop Kelvin-Helmholtz instabilities at the boundary between the 
fast-rotating inner column and the slower-moving surrounding air. These instabilities produce 
spiral waves and vortex splitting that progressively erode coherent rotation. The larger the 
vortex, the faster these instabilities develop, meaning higher tier Torstorms actually have shorter 
coherent lifetimes despite larger energy budgets. 

 
This is why TS4 peak intensity windows are shorter than TS3 despite greater total energy. The 
three termination mechanisms scale with vortex size, not energy budget. 
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5. Wind Speed Calculations 

5.1  Methodology 
Wind speed estimates are derived from the conservation of angular momentum equation 
applied to real measured mesocyclone data. A conservative contraction ratio of 20% is applied 
consistently. A friction reduction factor of 30% is applied to all results to account for surface 
boundary layer effects. All results are explicitly conservative estimates. 

 

Scenario Initial 
Radius 

Initial Wind Final Radius Raw Result After 
Friction 

Average 
mesocyclone 

3 km 25 m/s (56 mph) 0.6 km ~280 mph ~195 
mph 

Large mesocyclone 8 km 40 m/s (89 mph) 1.6 km ~447 mph ~313 
mph 

Extreme 
mesocyclone 

12 km 55 m/s (123 mph) 2.4 km ~615 mph ~430 
mph 

 

5.2  Physical Upper Boundary 
Two independent physical limits converge at approximately 430-460 mph to establish the 
Torstorm's hard wind speed ceiling. First, central pressure cannot drop below approximately 
400-500 millibars before the surrounding atmosphere loses sufficient mass to sustain vortex 
inflow. Second, wind speeds approaching 50-60% of the speed of sound enter a compressibility 
regime where standard atmospheric fluid dynamics break down. These limits are derived from 
physics, not arbitrarily assigned. 
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6. Classification System and Full Statistics 
The Torstorm classification system uses four tiers based on parent mesocyclone intensity. Each 
tier includes a Coherence field reflecting the assessed vortex stability at different scales. 

 

TS1, Weak Torstorm  |  Most Physically Defensible 

Width 2–4 miles (3–6 km) 

Peak Winds ~130–165 mph peak surface winds 

Pressure Drop ~100–150 millibars 

Central Pressure ~860–910 millibars 

Peak Lifetime 30 seconds to 2 minutes peak / 3–8 minutes total ground contact 

Coherence Total simultaneous structural destruction across entire affected width. Region-wide 
EF3/low EF4 equivalent damage with no path, only a zone. 

Damage Single coherent rotating column, DPE stabilization sufficient at this scale to maintain 
unified vortex structure through full ground contact duration. 

 

TS2, Moderate Torstorm  |  Physically Defensible 

Width 4–8 miles (6–13 km) 

Peak Winds ~195–250 mph peak surface winds 

Pressure Drop ~200–280 millibars 

Central Pressure ~730–810 millibars 

Peak Lifetime 1–4 minutes peak / 5–15 minutes total ground contact 

Coherence Complete destruction of all conventional structures across affected region. Upper 
end exceeds 253 mph, the highest directly measured surface wind speed ever 
recorded on Earth. 

Damage Predominantly coherent with developing internal turbulence. DPE stabilization holds 
through most of event duration. Sub-vortices may develop late in event lifecycle. 

 

TS3, Strong Torstorm  |  Theoretical, Fragmentation Probable 

Width 8–20 miles (13–32 km) 

Peak Winds ~313–390 mph theoretical upper boundary. Real surface winds likely substantially 
lower due to turbulent angular momentum losses at this scale. 

Pressure Drop ~300–400 millibars 
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Central Pressure ~610–710 millibars 

Peak Lifetime 2–6 minutes peak / 8–20 minutes total ground contact 

Coherence No existing damage scale applies. Wind pressure force approaches double that of 
EF5 tornado winds across a region 8-20 miles wide simultaneously. 

Damage Kelvin-Helmholtz instabilities and boundary layer friction likely overcome DPE 
stabilization at this scale. The event probably produces a rotating pressure basin 
with violent internal vortices rather than a single coherent wall. Still constitutes a 
Torstorm event. 

 

TS4, Extreme Torstorm  |  Theoretical Upper Boundary 

Width 20–50+ miles (32–80+ km) 

Peak Winds ~390–460 mph theoretical upper boundary, real surface winds likely substantially 
lower due to turbulent angular momentum losses at this scale. Hard physical ceiling 
imposed by self-termination boundary, not windspeed calculation. 

Pressure Drop Possibly 400-800 millibars 

Central Pressure Possibly 200-600 millibars (<200 millibars and fluid dynamics stop working properly) 

Peak Lifetime 30 seconds to 3 minutes 

Coherence Physically unmodelable with current atmospheric science. No engineering 
framework exists for these conditions. Every structure and living thing across the 
affected region is subjected simultaneously to extreme rotational winds and 
catastrophic pressure differential. 

Damage Fragmentation into the internal vortex field is the expected outcome at this scale. 
The event functions as an extreme rotating low-pressure basin containing dozens of 
simultaneous violent vortices across a region the size of a small state. 
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7. Scale and Recognition 

7.1  Why The Torstorm Has Gone Unrecognized 
A Torstorm would not look like a tornado from any conventional observation point. Its scale 
places the observer inside the event rather than outside it, a storm chaser positioned 10 miles 
from the edge of a TS2 Torstorm would have no way of knowing they were within the vortex 
boundary. On radar, the event would appear as a mesocyclone undergoing standard occlusion 
and collapse, a common, documented, unremarkable supercell lifecycle stage. 

 
Without an existing classification framework, radar operators would observe a tightening hook 
echo and apparent storm dissipation. Post-event damage surveys would reveal simultaneous 
rotational destruction across a region-wide area with no identifiable path, an anomalous pattern 
that existing damage survey methodologies are not designed to recognize as a distinct event 
type. 

 

7.2  The El Reno 2013 Precedent 
The May 2013 El Reno, Oklahoma tornado represents the closest documented approach to 
Torstorm boundary conditions in recorded meteorological history. At 2.6 miles wide, the widest 
tornado ever recorded, it exceeded all previous width records, generated chaotic internal 
sub-vortices, shifted direction unpredictably, and killed experienced storm chasers who were 
attempting to measure it. Several of its characteristics are consistent with a storm approaching 
but not completing the Torstorm transition threshold. It is the strongest existing analog in the 
observational record. 

 

7.3  The Observational Cap Problem 
Current meteorological understanding of maximum possible vortex intensity is constrained by 
observation, not by physics. The highest directly measured tornado wind speed is approximately 
302 mph. The EF5 threshold uses 200+ mph measured indirectly through damage assessment. 
These figures represent the upper boundary of what has been successfully measured, not the 
upper boundary of what atmospheric physics permits. 

 
The most violent events actively resist measurement: instruments are destroyed, chasers 
cannot safely approach, and radar resolution at distance cannot capture the most extreme 
near-surface wind speeds. No confirmed physical cap exists on mesocyclone or tornado 
intensity. The Torstorm hypothesis operates entirely within known physical frameworks and 
extends them to a scale that has not previously been formally proposed. 
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8. Probability Assessment 
A Torstorm is assessed as vanishingly rare, a once-per-centuries level atmospheric coincidence 
at minimum. Three independently rare conditions must converge simultaneously: an 
exceptionally powerful RFD capable of completing full occlusion faster than tornadogenesis can 
initiate; near-perfect RFD symmetry around the entire mesocyclone circumference; and 
sufficient mesocyclone rotational intensity at the precise moment of total occlusion. 

 
Critically, the parent storm conditions are not exotic. Extreme mesocyclones capable of 
producing EF4 and EF5 tornadoes form regularly during active tornado seasons. The Torstorm 
does not require an unknown storm type, it requires a known, regularly occurring storm to 
undergo one additional specific process under an extraordinarily narrow set of simultaneous 
conditions. 

 

The rarity of the Torstorm is a feature of its trigger conditions, not its parent 
storm. The energy source is confirmed to exist regularly. Only the specific 
collapse sequence is rare. 
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9. Summary Comparison 
 

Property Conventio
nal 
Tornado 

El Reno 
2013 
(Record) 

TS1 TS2 TS3 TS4 

Origin New 
subsidiary 
vortex 

New 
subsidiary 
vortex 

Descend
ing 
mesocyc
lone 

Descendi
ng 
mesocycl
one 

Descendi
ng 
mesocycl
one 

Descending 
mesocyclon
e 

Width Yards to ~1 
mile 

~2.6 miles 2–4 
miles 

4–8 miles 8–20 
miles 

20–50+ 
miles 

Peak Winds Up to ~302 
mph 

~295 mph 
est. 

130–165 
mph 

195–250 
mph 

313–390 
mph 

390–460 
mph 

Pressure 
Drop 

Up to 194 
mb 

~133 mb 
est. 

100–150 
mb 

200–280 
mb 

300–400 
mb 

400–500 
mb 

Coherence Single 
vortex 

Single + 
subvortices 

Unified 
column 

Mostly 
unified 

Internal 
vortex 
field 

Internal 
vortex 
basin 

Damage 
Profile 

Path Path (2.6 
mi wide) 

Zone 
2–4 mi 

Zone 4–8 
mi 

Zone 
8–20 mi 

Zone 
20–50+ mi 

Existing 
Scale 

EF0–EF5 EF5 No scale 
applies 

No scale 
applies 

No scale 
applies 

No scale 
applies 
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10. Conclusion 
The Torstorm is a theoretically permitted atmospheric phenomenon supported by six scientific 
pillars, all grounded in established meteorological physics and real observational data. It does 
not require new physics. It requires known physics applied to a scale and scenario that has not 
previously been formally proposed. 

 
Its revised definition, a mesocyclone descending to ground contact as an existing coherent 
structure rather than a new vortex forming, survived critical peer review challenges and 
emerged more scientifically defensible than the original framing. The Dynamic Pipe Effect 
resolves the coherence challenge at TS1-TS2 scales. The self-termination pressure boundary 
resolves the extreme wind speed question. Three independent physical mechanisms explain the 
event's brief lifetime. The transition mechanism is grounded in documented supercell occlusion 
behavior. 

 
The one remaining open question, whether the mesocyclone column can descend coherently 
without fragmentation during the transition itself, is identified honestly as requiring numerical 
atmospheric simulation to test definitively. This is not a flaw in the hypothesis. It is the frontier 
where a meteorologist with computational modeling tools would pick this work up. 

 
 

 

The Torstorm: named, defined, peer-reviewed, and proposed for the first time in 
this document. 
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