
Zonal and Meridional Winds 
This is modified from UCLA Lecture notes, see here. 

http://research.atmos.ucla.edu/csrl/docs/AOS200B/Lecture4.pdf


 
 



Zonal flow (or zonal wind) is air circulation parallel to the equator and 

latitudes, i.e., east-to-west or west-to-east. This type of circulation promotes 

stable temperatures along latitudes. Conversely, north-to-south or south-to-

north air flow is termed meridional flow. The terms are used to mean regular 

winds (prevailing winds) in such direction, such as the Earth's trade winds and 

westerlies and are also used to mean the east-west component of any given 

wind. 

Winds blowing from the west are called westerlies, Winds blowing from the 

east are called easterlies. 
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At the Earth’s surface, winds are 

primarily from the west in mid-

latitudes and from the east in low 

and high latitudes. 

In the diagram westerlies are positive 

speeds and easterlies are negative. 

Zonal Wind Intensity Schematic 



 

Zonal Mean wind velocity by altitude and latitude, 

see also here for another view. 

https://www.sciencedirect.com/topics/engineering/zonal-wind#:~:text=This%20component%20is%20called%20zonal%20wind.%20At%20low,the%20poles.%20Sign%20in%20to%20download%20full-size%20image


Schematic showing outstanding features of the zonally averaged zonal wind distribution by 

altitude 

ZONAL WIND 

 
 Summer Equator Winter 

 Pole Pole 



Annual-average atmospheric mass circulation in the latitude pressure plane (meridional plane). 
The arrows depict the direction of air movement in the meridional plane. The contour interval 
is 2x1010 Kg/sec this is the amount of mass that is circulating between every two contours. The 
total amount of mass circulating around each "cell" is given by the largest value in that cell. 
Data based on the NCEP-NCAR reanalysis project 1958-1998. 

 



The Hadley Cells 

DJF and JJA meridional overturning circulation.  Units are 1010 kg s-1 
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Hadley circulation and heat budget in subtropics 



Three-Cell Circulation Model 

The cells tops are around the tropopause 

NORTH-SOUTH VERTICAL SECTION TROUGH TROPOSPHERE 

 
  



  

  

 

 

We wish to examine in detail climatological transport in the 

meridional direction in a zonal-mean sense.  Transport is the product 

of two quantities, the meridional wind and the variable being 

transported.   

We might naively think that we could calculate it by simply 

multiplying zonal-mean, time-mean wind by zonal-mean, time-mean 

of the variable being transported.  However, to calculate it 

accurately, it turns out we must consider the fact that wind and the 

transported variable may be correlated along a latitude circle in the 

time-mean and may also be correlated in time.  In other words, we 

must consider the role of transient and stationary eddies. 

The role of eddies:  some background 



 

Stationary and Transient Eddies 

Stationary eddies are characterized by persistent zonal asymmetries in 

atmospheric variables.  These zonal asymmetries average to zero along a 

latitude band (by definition), and so are completely absent from zonal mean 

climatologies. They generally arise from zonal asymmetries in the land/sea 

configuration, and therefore play a larger role in the climate of the Northern 

Hemisphere. 

Transient eddies are characterized by departures from the time mean flow 

at a particular location.  They are also absent from climatologies (by 

definition), and so are absent from zonal-mean characterizations of the 

atmosphere.  Transient eddies play a larger role in the climate of the 

Southern Hemisphere. 



An example of the impact of an eddy on mean transport 



 



 mean meridional circulation transient and stationary eddies 

 



 



 

 

 

 

 

The atmospheric circulation 

averaged over all longitudes 

and presented as a latitude-

height cross-section. Zonal 

flows are shown with the 

colors.   

If we calculate the speed of the 

zonal flow in the subtropical jet 

stream based on conservation 

of angular momentum of a 

parcel at rest at the equator 

which rises and makes its way 

poleward in the Hadley Cell, 

we find it is about 4 times 

larger than observed.   

The excess angular momentum 

changes Earth’s rotational 

speed and its length of day 

(LOD). 



Flow of Angular Momentum to the Atmosphere and back to solid Earth 


