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ABSTRACT 
 
The representation of global data sets takes on many forms. This may be related to the 
type of data, the application or end user, or to how the data is to be visualised. However, 
the fundamental problem that presents itself is that a 3-dimensional sphere cannot be 
properly represented on a 2-dimensional surface or map. This paper outlines some of the 
drawbacks of conventional global precipitation mapping, and presents some possible 
solutions.  
 
 
1. Background 
 
The fundamental problem with data that has been obtained over a sphere is that no 2-
dimensional map can accurately represent both angles (and thus shapes) and areas. In 
general, area-preserving map projections are preferred for statistical applications, because 
they behave well with respect to integration, while angle-preserving (or conformal) map 
projections are preferred for navigation. Often both properties are ideally required for the 
proper representation of precipitation products, although critically for global precipitation 
estimates, area-preserving map projections are required. 
 
The majority of precipitation data sets and visualised products use a latitude/longitude 
(CED) grid as the de facto standard. One of the great strengths, at least from the data 
provider’s point of view, is that the mapping of the data is easy: the conversion of 
lat/lon→x/y is simple. From the user stance, the visualisation of the data is easy since (not 
least, the format of lat/lon data sets is usually uncomplicated) locating regions on a lat/lon 
grid is easy (see Figure 1). However, the representation of the data can lead to problems. 
While the interpretation of the data is good near the Equator where the mapped data is 
reasonably equal-area, it becomes increasingly difficult at the mid-latitudes, and extremely 
difficult at high-latitudes. Critically, the treatment of the information within each grid box is 
inconsistent since the grid boxes represent different areas (see Figure 2). This is of 
particular concern with precipitation where the distribution of values (intensities) is heavily 
skewed, consequently averaging this data over different areas will lead to biases in the end 
product. In addition, since much of the satellite-derived information on precipitation is 
obtained from polar-orbiting satellite, the number of samples will vary between the different 



lat/lon grid boxes, even though the original data (from conical scanners) is essentially equal 
area; this can lead to smoothing/replication errors. 
 

 
 
Figure 1. ‘Traditional’ lat/lon projection showing the distortion of swath data from a Polar-
orbiting satellite (SSMIS F18, 10th November 2011) 
 
 

 
 

Figure 2. Relative scale of lines of latitude: the area of a 1° x 1° grid box at 60°N/S is 0.5x 
that of a 1° x 1° grid box at the Equator. 
 



A number of equal-area pseudo lat/lon grids exist, such as the Gall-Peters mapping (see 
Figure 3), but these compress the latitudinal range and therefore are not generally suitable 
for visualising the high latitudes. In many ways, to date, distortion has not been seen as 
critical since most precipitation products only cover 60°N-60°S (some only 50°N-50°S). 
However, with increasing interest in falling snow, as well as rain, the mapping of data at the 
higher latitudes must be addressed. It must be emphasised that, in terms of data from 
Polar-orbiting satellites, the Polar regions are data rich, with many observations available 
at the sub-hourly time scale. 
 
The case for promoting equal-area mapping are supported by: 

i) most low-Earth orbiting-observations are equal-area 
ii) ground observations (e.g. radar) are essentially equal area 
iii) remapping of data introduces additional errors into the precipitation estimates 

 
 

 
 
Figure 3. An equal-area mapping devised by Gall-Peters that preserves lines of latitude 
and longitude, but at the expense of greater distortion at the higher latitudes. 
 
 
2. Representing data at high latitudes 
 
The increasing interest in obtaining precipitation at the higher latitudes necessitates a 
geographical mapping that allows the proper representation of the data. In particular, 2014 
will see the launch of the Global Precipitation Measurement (GPM) mission; although the 
coverage of this mission is not ‘global’ it will help provide measurements which need to be 
represented and presented on a global basis. Clearly the use of a simple lat/lon mapping is 
inappropriate for Polar regions due to the amount of distortion in the data. Ideally, any 



mapping for these high latitudes should become the de facto standard for data 
representation at the higher latitudes. 
 
There are a large number of mapping and projection schemes available, for which the 
following are the most common: 
 

• Azimuthal Equidistant - preserves distances 
• Lambert Azimuthal Equal Area - preserves areas 
• Gnomonic - all great circles become straight lines 
• Stereographic - conformal, equal angle 
• Universal Polar Stereographic (UPS) - a specific Stereographic Projection for use 

with UTM (Universal Transverse Mercator) system 
• Orthographic - infinite perspective projection 
• Near-Sided Perspective - finite perspective projection 

 
Each scheme has it own advantages and disadvantages; below, in Figure 4, are two of the 
generic projection types. On the left is an orthographic projection and on the right, an 
azimuthal projection. By overlaying the swath of data (from the SSMIS F18 on 10th 
November 2011) the degrees of distortion can be seen. The orthographic projection 
essentially preserves the cross-track dimensions at the expense of the along-track 
dimension, while the azimuthal preserves the along-track at the expense of the cross-track. 
Neither is ‘correct’. 
 

 
 
 
Figure 4. Examples of the Orthographic (left) and the Azimuthal (right) projections showing 
the different type of distortion inherent in each mapping. 
 



When mapping 3-dimensional data onto 2-dimension the distortion essentially increases 
with the distance away from the centre of the mapping, or the lines of zero distortion. One 
way to overcome this is to provide multiple mappings of the data so that the user can 
choose which is the best (most appropriate) one for their application. An example is shown 
in Figure 5. Here a combination of lat/lon grid for the Tropics and Orthographic projections 
are used for the Polar regions. Note that there is a region of overlap where data is 
represented in more than a single mapping. 
 

 
 
Figure 5. Example of a combined mapping to allow users the choice of the most 
appropriate data set to use. 
 

 
3. Equal degrees of error 
 
Ultimately, the choice of mapping depends upon the degree of distortion you (developer & 
user) are prepared to accept. Local area mapping is generally simpler since the user tends 
to choose a mapping that is relevant to that local area. For instance, radar data over 
Europe is mapped to a Polar stereographic projection that is an equal area projection, 
preserving the relative areas over a wide range of latitudes. 
 
A number of other schemes might provide a compromise between the simplicity of the 
lat/lon projection and the ‘correctness’ of data being portrayed. In Figure 6 below two 
examples are shown that provide a rectilinear grid for the globe, but are divided into 
latitudinal regions. In Figure 6a equal latitude band are chosen, although the degree of 
distortion across the high-latitude bands is greater than that along the Equator. Another 
method would be to select the latitude bands upon the degree of distortion, as shown in 
Figure 6b; this method ensures that the mapping distortion is always within certain limits, 
no matter where on the Earth you are. 



a)  
 

 
b) 

 
Figure 6. Latitude bands for a) fixed latitude band widths, and b) using fixed levels of 
distortion. 
 
 
4. Variable grid sizes 
 
If the notion of maximum usable distortion is considered, the mapping of data takes on a 
new dimension. If what we really need is an equal area representation of the data, then it is 
possible to segment the Earth’s surface in a number of variable, but pre-defined sub-grids, 
each of which is essentially equal-area. The number of these sub-grids would be based 
upon the amount of distortion (or geo-location error) that the developer of user is prepared 
to accept. Below in Figure 7 are two examples of this scheme. The first image (Figure 7a) 



shows the mapping based upon 46 sub-grids, each representing the same areal extent of 
the Earth’s surface. The amount of mapping distortion at the centre of each of these grids 
is zero, and increases towards the edge of each sub-grid (as indicated by the increasing 
background brightness). Since each grid overlaps slightly with adjacent sub-grids, it is 
possible to select the most appropriate sub-grid by the (least) level of distortion. 
 

 
 a) 

 
 b) 
 
Figure 7: Use of sub-grids to constrain the degree of distortion in the mapping  (b) shows 
the least-distortion mapping of Global-IR data for 00Z, 8th October 2012. 



5. Gaussian Grids 
 
Gaussian grids (as shown in Figure 8) are perhaps the ultimate ‘distortion-free’ mapping 
since each point is essentially equidistant from each other. These grids are generally used 
in modelling applications where global equal-area calculations are critical. While the 
distortion-free mapping is a major advantage, the main problem with such schemes is how 
to implement them with satellite data which is spatially contiguous. In particular, a number 
of satellite precipitation retrieval schemes at present use the advection of clouds to provide 
information on the speed and direction of weather systems. While a simple lat/lon grid 
provides an easy framework within which to calculate this information, doing a similar 
calculation within a Gaussian grid is extremely time consuming. In addition, it should be 
noted that while the Gaussian grid represents the ‘best attempt’ at a global equal-area 
mapping at the Poles, to ensure data representation and continuity, more grid points are 
used resulting in smaller areas at the surface.  
 

 
 
Figure 8. Gaussian grids for different resolutions based upon the ECMWF operational 
forecast model. The N48 grid (left) has a nominal resolution of 208 km, while the N128 grid 
(right) has a nominal resolution of 78 km. 
 
 
6. Conclusions 
 
The choice of mapping for satellite observation and precipitation data sets is very much 
driven by the developer and user community. No single projection is suitable for mapping 
global data or precipitation products. The increasing need to represent information at the 
higher latitude necessitates that the ‘standard’ lat/lon grid is augmented by other mapping 
schemes that better portray data in regions outside the Tropics. Each scheme has its own 
merits, but ultimately any selection depends upon how much error a uses is willing to 
accept.  


