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A trajectory…

=Path of a non-buoyant balloon travelling with the wind
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Atmospheric trajectories

•Can be used to find out where pollutants are going

•Can be used to find out where the pollutants are coming from

•Can be used to classify air arriving at a site from different “sectors”

•Can be used to investigate the cause of an episode
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Terminology

Forward trajectories – follow the path of an imaginary 

balloon, an “airparcel”.  Used to determine where the air is 

going to.

Backward trajectories (or arrival trajectories) – travels 

exactly against the wind. Used to find out where the air is 

coming from.
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Different types of trajectories

Three-dimensional trajectories: 

 follows the three-dimensional wind

“Two-dimensional” trajectories: move over latitudes and 

longitudes but:

 stay on one “surface”, e.g. X m above ground

or:

2D isobaric-, (follows a surface where p is constant)

2D isosigma-, (follows a surface where p/ps is constant.) 

2D isentropic-, (follows a surface where “potential temperature is constant)

2D isopycnic- (follows a surface where density is constant)

Etc.
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travelling with the wind. The “forward trajectory” is 

the solid blue line. The cloud occupies the encircled 

area during different time steps.

A trajectory is a mathematical line. No widening of plume etc. 

Errors in driving wind-field  - or computational method - may give 

slightly (or completely!) wrong result.



J
a
n
u
a
ry

 2
0
0
8

How to calculate trajectores

s(t)  position at time t

s0 position at time=0

u(t) three-dimensional wind at time t

dt numerical timestep
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Trajectories can be calculated manually from weather maps, or 

more conveniently, by computer models having access to three-

dimensional fields of meteorological data (i.e. wind-data)

The accuracy, and resolution, of the weather data together with 

the accuracy of the computational method determines the quality 

of the trajectories

Calculations of trajectories

There are several sites available on the world-wide web which can 

be used, free of charge to calculate trajectories.

(e.g. “FLEXTRA Trajectory Model” or “HYSPLIT”)
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Uncertainties during different conditions

•Calculated trajectories close to the ground are more 

uncertain than trajectories in the free troposphere.

•Calculated trajectories that pass frontal zones or areas 

with convection are more likely to be in error compared 

to trajectories travelling over smooth surfaces with 

persistent weather conditions.
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Uncertainty of trajectories can be assessed 

through:

•Calculate several trajectories from a group of points close 

to each other. The trajectories should follow similar paths

•Calculate backward trajectories from the endpoint (or close 

to the endpoint) of the forward trajectory (or vice versa)

– If the trajectories come back to a position close to the 

original point they should be relatively accurate
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Trajectories are typically used to assess the regional  

transport of air masses (transport times > ~12 hours)

Local wind measurements 

must not necessarily point 

in the same direction 

as the regional trajectory…
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Length of trajectories

Less than a few hours often not meaningful

Longer than a week not acceptable because of uncertainty 

in input data and calculation method.

Remember, however, that air always has a history even 

before (and after) the calculated period
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Some examples…
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Arrival trajectories and nuclear power plants in 

Northern Europe, part of the emergency preparedness 

system in use at SMHI
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Classification of air massed during a cruise in 

the eastern Atlantic.
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Air mass classified based on three-

dimensional, 5-day, back-trajectories



J
a
n
u
a
ry

 2
0
0
8

Statistics of type of air at a monitoring station 

(Mace Head) during one year

Based on four-day back-trajectories
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Classification of from what direction air is arriving at a 

station (Aspvreten, Sweden) during different years

Based on four-day back-trajectories

5

2
1

3

46

7

8

9 -not determined

When at least 50% of the previous 96 hours 

are spent in one of sectors 1-8, the day can 

be  classified to that sector.
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Swedish ozone monitoring stations
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Norra Kvill

Ozone concentration 

and arrival trajectories
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FLEXPART trajectories

http://www.emep.int  -- EMEP Data:  -- Trajectories
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NOAA web-site:
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Different arrival height
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Different meteorological data


