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Quick start 

1- Set up TRACMASS:  

Enter the tracmass directory and copy the 
template Makefile 

cd tracmass
cp Makefile_tmpl Makefile

Modify the Makefile to fit your system. You will 
also need to configure how TRACMASS should 
find the netCDF libraries, if at all. Then you can 
run the make command. 

make

2- Running a test case:  

Run the test case for TRACMASS by letting 
PROJECT and CASE be "theoretical" in the 
Makefile (which is the default).  

In this case, TRACMASS will use a simple 
oscillating velocity field to trace trajectories. You 
can run this case by setting 

./runtracmass

Get the code here  

Example of Lagrangian stream functions  

-

-

What’s TRACMASS? 

- TRACMASS is a Lagrangian trajectory code for 
ocean and atmospheric general circulation models 
(GCM). 

- The TRACMASS scheme is mass conserving within 
the grid cell in the same way as the GCM. 

- The code makes it possible to estimate water 
paths, Lagrangian stream functions (barotropic 
and overturning), exchange times, etc. 

- TRACMASS has been set up to run with velocities 
integrated with models such as NEMO, ROMS, 
MOM, ECMWF-IFS (ERA 5 and EC-Earth). 

TRACMASS trajectories traced 
using NEMO-ORCA 1/12° output. 

GitHub repository: https://github.com/TRACMASS/tracmass

Top: Different lagrangian 
stream functions associated 
to the northward transport in 
the At lant ic Ocean : (a ) 
meridional, (b) barotropic, (c) 
latitude–density, and (d) 
latitude–temperature stream 
functions. Taken from [2].  

Left: Decomposition of the 
Hadley cells. The upper three 
rows show the Lagrangian 
stream function of transport 
b e t w e e n t h e d i f f e r e n t 
latitudes.  



TRACMASS - A mass conserving trajectory code for ocean and atmosphere general 
circulation models  

Mass conservation in TRACMASS 

- TRACMASS uses mass fluxes [kg/s] instead of velocities [m/s]:  

which works with any vertical coordinate (z, p, z*, hybrid,  levels, etc.) and both 

hydrostatic and non-hydrostatic settings.  
     

-  The vertical mass fluxes are computed from the continuity equation: 

- Bilinear interpolation (space and time) within the grid box of the mass transport. 

- Analytical trajectory solution through the grid box. 
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Figure 3. Atmospheric zonal water mass stream function (Sv), constructed
from the water mass traveling from the Atlantic to Pacific Ocean over
Afro-Eur-Asia (top) and America (bottom).

only the Atlantic to the Pacific Ocean through the atmosphere, the
Lagrangian “particles” over the entire Atlantic were assigned to the ver-
tical water mass flux at the surface (viz., evaporation-precipitation). The
particles were started at the surface, where evaporation exceeds precipi-
tation, and end at the surface where the opposite holds true. As the aim
of the present study is to examine the atmospheric water mass trans-
port from the Atlantic to the Pacific Ocean, we have only selected those
trajectories (around 4.3 million) that descended into the Pacific Ocean
(Figure 1). The total continental runoff into the Pacific is about 0.25 Sv
according to Dai and Trenberth (2002). This total continental runoff has
moisture contributions from its local sources, from different oceans and
land sources. Thus, only Atlantic contribution to this runoff is likely to
be much smaller. This continental runoff into the Pacific Ocean has thus
been neglected in the present calculation. Figure 1 displays a selection of
Atlantic-to-Pacific trajectories showing the two different possible paths:
one over Afro-Eurasia (red) and one over America (blue). Some of the
trajectories (green) were trapped in the westerlies and circled around the
globe a few times before precipitating down into the Pacific. It is impor-
tant to emphasize here that we are not taking into account the water mass
trajectories that start and end in the Atlantic Ocean.
3.1.1. Over Afro-Eurasia
Figure 2 (top) displays the annual mean E-P (evaporation-precipitation)
inferred from the eastward traveling Lagrangian particles from the
Atlantic Ocean. As the TRACMASS Lagrangian scheme is based on the
mass-conservation principle, from the extracted trajectories the inte-
grated value of net evaporation over the Atlantic Ocean should equal the
integrated value of net precipitation over the Pacific Ocean. Figure 2 (top)
shows the net precipitation flux in the midlatitude North Pacific Ocean
due to evaporation in the midlatitude North Atlantic Ocean. As the core
of the evaporative region is not located in the tropical latitudes, the water
mass particles starting from the higher latitudes of the North Atlantic
Ocean come under the influence of the subtropical westerlies and travel
eastward. Then the trajectories cross the African, European, and Asian

continents and finally descend into the Pacific Ocean. Note that the Western Pacific Warm Pool receives
very little freshwater from the Atlantic, despite it being a region with high precipitation. The Lagrangian
water mass stream function (Figure 3, top) provides information about the paths in the vertical-zonal

Figure 4. Atmospheric freshwater transport as a function of month
computed from the water mass traveling from the Atlantic to Pacific Ocean
over Afro-Eurasia by the westerlies (red) and over America by the easterlies
(blue). The total atmospheric freshwater transport is plotted in black.

direction. The water mass streamlines start in the net evaporative regions
in the Atlantic and travel eastward at heights between 600 and 100 hPa
and end up in the Pacific. Note that some of the particles remained in the
westerlies above 200 hPa and circled the globe a few times before precipi-
tating. The seasonal pattern of this eastward atmospheric water transport
can be obtained by subtracting the maximum value of the stream function
at the surface from its minimum value (Figure 4, red line) for each month.
The annual mean freshwater transport was found to be 0.40 Sv from the
Atlantic to the Pacific Ocean over Afro-Eurasia. During the Northern
Hemisphere summer, this transport decreased. This characteristic of the
atmospheric water mass transport can be explained by the behavior of
the midlatitude zonal winds. Their annual mean is westerly, and they are
stronger during winter. The atmospheric water residence time has always
been a crucial component of the global hydrological cycle. Figure 5 (red
line) depicts the percentage of the eastward moving water mass present
in the domain against time. From this, we can calculate an e-folding time,
which represents a time scale in which the water masses decay by 63%.
The e-folding time was estimated to be around 43 days for the eastward
traveling trajectories. The average
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Figure 3. Atmospheric zonal water mass stream function (Sv), constructed
from the water mass traveling from the Atlantic to Pacific Ocean over
Afro-Eur-Asia (top) and America (bottom).
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Ocean More examples: Atmosphere 

Figure taken from [4]

Figure taken from [2]

Figure taken from [3]
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