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Visualization of Divergence and Vorticity in Three Dimensions

Summary
	
 Forecasters are no longer constrained by 2D visualization techniques.  Three-dimensional visualization of vorticity 
and divergence can provide for a quicker diagnosis technique.  The calculations of divergence and vorticity are 
computed by finding a finite difference between grid point neighbors of the North American Mesoscale model gridded 
data.  Vorticity and divergence were visualized using the open-source software, Paraview.  Vorticity is visualized using 
the glyph, stream tracer, and contour filters, and divergence is visualized using the glyph and contour filters.  
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Fig. 3 left: Jet stream (>50m/s) in yellow, Contours of ±0.0232/s divergence (red-positive, blue-negative) with 
wind glyphs colored by vorticity on 10/6/10. Fig. 4 below: Jet stream (>50m/s) in yellow, Contours of ±0.02/s 
divergence (red-positive, blue-negative) with UVVs (<0.15m/s) in white on 12/13/10. Fig. 5 bottom: Contours 
of ±0.0648/s vorticity (red-positive, blue-negative) with wind glyphs colored by vorticity on 10/26/10.

Abstract 
  Though inherently three-dimensional, atmospheric wind fields are operationally analyzed by viewing many 
two-dimensional maps on select isosurfaces.  Historically, the reason for planar analysis has been the 
inability to easily view meteorological variables in the mindset of quasi-geostrophic theory, including 
divergence and vorticity.  Divergence and vorticity contribute greatly to vertical development and pressure 
changes and are primary factors in the development of synoptic systems; therefore, a careful consideration 
of their three-dimensional structure is well warranted.  Divergence and vorticity were calculated over five 
different synoptic set ups from 2010 using data from the 12 km operational NAM.  Calculations of 
divergence and vorticity required the use of finite differencing techniques to estimate ∂u and ∂v.   The 
open-source visualization software, Paraview, was used to visualize the three-dimensional divergence and 
vorticity fields.  Vorticity was visualized by the stream tracer, contour and glyph filters, while divergence 
was visualized by contours and coloring wind glyphs.  It was found that due to low variability in horizontal 
wind values at small distances, divergence has a high sensitivity to the distance over which wind values are 
used in the calculation.  The optimal distance for calculating synoptic features is 15 grid spaces, or 
approximately 180 km.  Of particular interest when visualizing synoptic divergence is the absence of a level 
of non-divergence for any of the days analyzed.  Vorticity is not highly sensitive to distance and is calculated 
at >10 grid spaces.  Results show that three-dimensional techniques are advantageous to two-dimensional 
map analysis in several critical ways.  The main benefit is the ability to view different volumes of data in real 
time.  Three-dimensional analysis allows for the reduction of time required to analyze each time step of a 
model run and the flexibility to manipulate the data in new ways.  One possible future research topic is the 
calculation of pressure tendency at any height by integrating divergence over a height. 

Methods
	
 Calculations of divergence and vorticity required writing an algorithm to take the difference in wind speed 
from each grid point neighbor on each level.  Data from the North American Mesoscale Model (http://
nomads.ncdc.noaa.gov/data.php) were used due to the close spacing of grid points, 12 km x 12 km x 60 levels.
Algorithm Used:  The 2D divergence of the wind field was calculated using only the x and y components of the 

wind at each grid point.  The finite differencing was used to calculate divergence:

Vorticity was calculated in a similar way:

The indices i and j stand for each grid point iteration in the x and y directions, 
respectively.  The offset, s, is the number of grid spaces away from the center point 
that are used in the calculation.   
Grid Spacing:  The optimum grid spacing for divergence was calculated using a scree 
plot.  The inflection point of the curve denoted where the loss of data was balanced 
by the removal of noise.  Grid spacings of 15-20 were used in the calculation.
Visualization Methods:  The open-source software Paraview was used to render wind 
field data and disseminate the results.  Vorticity was visualized using the stream tracer, 
contour, and glyph filters.  Divergence is visualized using the glyph and contour filters.

Results
The techniques used to visualize divergence and vorticity were successful.  Comparing 
2D forecasting techniques to the 3D computations and visualizations of the same 
variables revealed the usefulness of 3D visualization of divergence and vorticity.  
Amplified areas of upper-level divergence divergence are easiest to view using contours 
while small values of divergence are unintelligible.  Surface divergence can best be 
found by coloring isotherms by divergence.  The calculations and visualizations 
indicated positive values of divergence in areas where they are expected.  Regarding 
the visualization of vorticity, wind glyphs colored by vorticity and stream tracers 
colored by vorticity clearly show vorticity in the correct areas - large positive vorticity 
in the base of the trough and large negative vorticity at the tops of the ridges.
    November 11, 2010:  Figure 1.  Mid-western trough.  A pacific low pressure is 

advancing across the Rockies.  The highest areas of divergence are found along the trailing front.
 September 15, 2010:  Figure 2.  Zonal pattern for CONUS.  Due to lack of large-scale forcing features, no large 

areas of divergence were observed, and vorticity values were of lower magnitude.
October 6, 2010:  Figure 3.  Deep lows on eastern and western seaboards.  Jet stream is far north.  Strong areas of 

convergence exist where the eastern closed low interacts with the jet stream.  
December 12, 2010:  Figure 4.  Nor-easter developing.  A strong trough is digging across the eastern third of 

CONUS.  Strong divergence aloft over the NE is accompanied by strong convergence at the surface.  The strongest 
UVVs match perfectly, following Dine’s compensation.

October 26, 2010:   Figure 5.  Mid-western trough.  Lee-side cyclogenesis is occurring with a low developing over 
the northern Rockies.  Strong positive sheer vorticity is being advected into the storm from the west by the jet stream.  

Several items of further study should be noted.  One, the level of non-divergence as a continuous entity does not 
exist.  Areas of small divergence abound throughout the atmosphere.  Two, vorticity seems to tilt upwind of the trough 
as opposed to the accepted pattern of downwind tilting troughs.  Three, areas of divergence appear strongest along 
fronts.   Four, wind maximums tend to separate positive vorticity to the north and negative vorticity to the south.

Introduction
	
 Meteorologists have relied upon quasi-geostrophic (QG) analysis to diagnose and forecast for decades.  QG 
atmospheric analysis uses the advection of warm or cold air and vorticity to predict the vertical motion of 
atmospheric parcels (Sutcliffe, 1947; Trenberth, 1978).  Surface convergence and upper level divergence lead to 
vertical motion following Dine’s compensation (Durran, 1987).  These mechanisms make the divergence and vorticity 
of the atmosphere particularly important to the development and evolution of synoptic-scale storm systems.
    Divergence is defined as ∇·V = ∂u/∂x + ∂v/∂y,  and vorticity is described by ∇×V=∂v/∂x - ∂u/
∂y, where V is the wind vector field, and u and v are the x components and y components of wind 
respectively.
	
 Although three dimensional spatial analysis is implied when considering vorticity advection with 
height, QG analysis relies solely on the 500 mb level (as the assumed level of non-divergence) to 
diagnose areas of vorticity advection.  This is because only at the LND, where divergence is zero and 
cancels the dependence of the change of vorticity on vorticity itself, can the assumption be made 
that all vorticity is conserved and only horizontally advected.  However, as 3D analysis is now easily 
implemented, forecasters should no longer constrain themselves to only one level.  
    Three dimensional analysis allows for greater forecasting freedom in two ways.  One, it allows for 
the expansion of forecast variables beyond QG imposed forecasting levels.  Unfortunately, the 
teaching of QG mandatory levels and what to look for at each level have been pervasive in 
forecaster education.  Forecasters are trained to look for specific patterns instead of understanding 
each situation individually.  Three dimensional visualization imposes no limits on the vertical 
placement of maps.  Teaching three-dimensional forecasting techniques will encourage a more 
physically grounded forecast instead of pattern recognition.  Secondly, three-dimensional 
visualization on a local machine frees the forecaster from selecting from only pre-rendered maps, 
allowing for independence in forecasting tools.  The forecaster is free to combine the variables they 
desire in any given volume.

Figure 1 Above:  Stream tracers colored by vorticity and the 260 k isotherm colored by vorticity on November 11, 
2010.  Highest areas of divergence appear to be near fronts.  Figure 2 Left:  Contours of ±0.015/s divergence (red-
positive, blue-negative) with wind glyphs colored by vorticity on September 15, 2010.
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