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ATLANTIC STORM DEVELOPMENT: 

ATMOSPHERIC COUPLING PHYSICS 
 

 

1. Original set up at the surface 

 

Figure 1: Low pressure system on Friday 25/01/13 

 

A shallow low pressure area (red circle) is initially observed south of Newfoundland. 
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2. Set up 48 hours later 

 

Figure 2: Low pressure system on Sunday 27/01/13 

 

48 hours later, central pressure has dropped dramatically and the depression has travelled several 

thousands of miles to now affect most of western Europe. 

 

What makes a system drop over 50 hPa and travel several thousand miles in 48 hours? 

 

To answer the question, we must look further up in the atmosphere. 

 

In the same way that severe snow events are triggered by Sudden Stratospheric Warming happening 32 km 

up, storms can only develop if upper tropospheric conditions are right. 

 

In the next few sections, we’ll see that even though surface low pressures owe their initiation to surface 

temperature contrasts, their development and steering depend on the situation aloft. 
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3. Upper ridges and troughs 

Warm air at the equator and cold air at the Poles try to mix to achieve thermal balance but because of the 

Earth’s rotation, ridges and troughs are formed in the process, as seen on this 500 hPa temperature chart: 

 

 

Figure 3: Northern hemisphere 500 hPa temperature chart showing ridges and troughs  
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4. Jet stream 

Most people have heard about jet streams. They are fast rivers of air circumnavigating the globe. They are 

important, for example, when flying to and from the US but how are they formed? 

 

Note: The following explanation is applicable to the northern hemisphere. 

 

As seen on the previous chart, warm temperature to the south lead to high heights and cold temperatures to 

the north lead to low heights. 

 

This makes the Pressure Gradient Force (orientated from high pressure/height to low pressure/height) flow 

northwards (from south to north). 

 

However, the Coriolis force shifts the wind flow to the right of the path of motion. 

 

This lead to the creation of jet streams at the interface of warm and cold air aloft: the jet stream divides 

colder air to the north from warmer air to the south. The transition between temperatures on each side of the 

jet is very abrupt 

 

The main characteristic is a west to east flow but jet streams do meander. 

 

They are best looked at on the 300 / 200 hPa pressure level chart: 

 

 

Figure 4: Worldwide jet stream chart  

 

Let’s now have a look at a very important notion: vorticity. 
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5. Vorticity 

It is simply a measure of a parcel’s spin. 

 

By definition: 

- Counter-clockwise spin means positive vorticity. (left) 

- Clockwise spin, it has a negative vorticity. (right) 

 

Vorticity can be generated through curvature where winds change direction (top) or shear where winds 

change speed (bottom). 

 

Figure 5: Positive (left) and negative (right) vorticity 

 

It can clearly be seen that there is positive vorticity is a trough and negative vorticity in a ridge: 

 

 

Figure 6: Trough and ridge vorticity 
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As a consequence, there is an area of zero vorticity between the trough axis and the ridge axis. 

 

At this point, is located an area of maximum positive vorticity advection. And this is crucial. 

 

 

Figure 7: Minimum, maximum vorticity and advection 

 

Why is it important? 

 

Because nothing happens without a consequence therefore something must happen to compensate for this 

loss of vorticity. 

 

In the same way as an ice skater would lose her spin by spreading her arms, air will lose its vorticity by a 

process called divergence (evacuation of mass). 

 

 

Figure 8: Ice skater conservation of angular momentum linking vorticity and divergence 

 

Similarly, in the minimum vorticity area, air will build up positive vorticity thorough convergence (addition of 

mass). 

 

How is all this linked to intensification of storms? 

 

The next section will explain convergence and divergence in more details and add a further piece to the 

puzzle. 
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6. Convergence, divergence  

These regions of divergence and convergence have a significant influence on surface pressure features. 

 

They trigger ascending and descending motions: 

- Where convergence occurs in the upper levels, sinking motion results 

- Where divergence occurs in the upper levels, rising motion result 

 

Let’s concentrate on upper level divergence: 

 

 

Figure 9: Upper level divergence and its effects on surface pressure 

 

If a region of diverging winds at upper levels is stronger than the converging winds of a surface low pressure 

centre below it, the low will deepen (intensify). 

 

This is because more air is being removed from the vertical column of air above the low than flowing into it, 

causing the pressure at the surface to decrease. A drop in pressure means an intensification of the low 

pressure centre. 

 

Broadly speaking, it is equivalent to someone switching on a vacuum cleaner to suck up surface air! 

 

Convergence is the opposite and is linked to surface pressure increasing: anticyclones. 

 

Additional note: 

There are a lot of feedback processes in meteorology. In this case, troughs/ridges change wind vorticity as it 

goes round them but strong winds will also increase the amplitude of troughs/ridges, changing vorticity, 

etc…,   

 

So far, we’ve seen how divergence is created from positive vorticity advection in curved flows. We haven’t 

considered change of wind speed. 

 

Divergence can also be created in straighter jets in what are called jet streaks. 
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7. Case of jet streaks 

Jet streaks are localized regions of very fast winds embedded within the jet stream. Sometimes these local 

wind maxima reach speeds in excess of 200 mph. 

 

As air enters a jet streak, it speeds up. When it leaves a jet streak, it slows down. 

 

These accelerations and decelerations, coupled with the curvature of the jet stream and strong wind shears, 

cause air to pile up in some areas (convergence) and spread out (divergence) in others: 

 

 

Figure 10: Convergence and divergence in a jet stream  

 

Convergence and divergence in a jet streak are caused by an imbalance of forces as a parcel accelerates 

into a jet streak then decelerates out of the jet streak. 

 

Through quite complex physics processes (beyond this short description), convergence and divergence 

create descending and ascending motions. 

 

The complete picture can be seen on the figure below showing jet streak circulation. 

 

Rising motion, leading to storm intensification, occurs at the right entrance and left exit of the jet streak: 

 

 

Figure 11: Jet streak circulation  
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Putting all the pieces together, we see the complete picture: 

 

 

Figure 12: Upper level convergence, divergence and the effects on surface pressure 

 

8. Jet stream steering storms 

You often hear that the jet stream steer pressure systems.  

 

People say that when the weather is bad, it’s always the jet stream’s fault! 

 

What happens is that the surface low pressure systems follow the path of maximum height fall (pressure 

drop) created by the vacuum effect. 

 

But in turn the jet stream is affected by other things, so it’s not the sole culprit. 
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Let’s go back to the low pressure system we were concerned with and display jet stream and sea level 

pressure on the same charts. 

 

Initially, we notice that the low pressure centre is located in the right entrance of a straight jet streak: 

 

 

Figure 13: Straight jet streak and surface pressure location 

 

This will lead to upper level divergence, surface convergence, and surface pressure drop through rising 

motion.  
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Towards the end, the low pressure centre is located in the left exit of the jet streak embedded in the curved 
jet stream. All effects obviously combine and get more complicated. 
 

 

Figure 14: Jet stream, jet streak and surface pressure location 48 hours later  

 

Deepening will continue as long as upper level divergence is greater than surface convergence. 

 

This is not an infinite process because, at some point, the jet stream will move away from this optimum spot 

where surface air is removed and the cyclone starts filling (pressure rises again). 

 

9. Conclusion 

The simple study above illustrates very well the atmospheric coupling. Things happen at the surface and 

other things happen aloft, in the right conditions they couple with each other and develop together. 

 

Many surface disturbances are generated every day but very few turn into major storms. 

 

Only with the right upper level support and coupling will a storm go through explosive cyclogenesis (more 

than 24 hPa surface pressure dropped in 24 hours). 

 

This leads to strong winds, heavy rain/flooding or heavy snow depending on the situation. 
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