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Abstract. Models for visualizing spatiotemporal data include the space-time cube and the clock diagram. Both techniques use the x and y components of a map view, but differ in the manner by which time is charted. While the time-space cube assigns time to the z-axis, clock diagrams graph time to a circular display in the x and y plane. Our modified helix model combines and modifies these two methods to display detailed, daily data over long periods of time (100 years). Each data point is plotted along the curve of a helix, with each turn of the helix representing one year. The helix is modified by varying the radii to all points from the z-axis by an attribute such as maximum daily temperature, and then creating a three-dimensional triangulated surface from the resulting points. Using techniques common to terrain representation, we apply hue and saturation to the surface based on temperature, and value based on relief shading. Multiple helical surfaces can be displayed in one geographic scene of any season of the year, and the models can be rotated to display seasonal variations. We see this method as effective in displaying high-resolution temporal data within a geographic framework.
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1. Introduction
Of the many techniques available for visualizing spatiotemporal data, the time-space cube is notable for using the area above a two-dimensional map to represent events or an entity’s path in time and space (Hägerstrand 1970, Kraak 2014, 2003; Andrienko et al. 2003). For entities in motion, paths traverse the two-dimensional space of the map along with the third dimension above the map that represents advancing time. For transient events, multiple occurrences can be displayed for their duration at their proper location. Once defined, the representation in the cube can undergo manipulations commonly used for geovisualization, such as user-interaction (Wood et al. 2007) and animation (DiBiase et al. 1992).

The time-space cube, however, is not designed for displaying data that is collected at one or more discrete map sites at a high temporal frequency. Such a display would be comprised of points approximating vertical paths extending upward from the map. Also, representing thousands of values of events at the same location as discrete points in time may not be the ideal visualization of such data. We conceptualize such spatially consistent events as fields as opposed to objects (Longley et al.  2012) with the surface built around the location’s vertical path.

[image: ]We propose using the outer surface of a modified helix structure. Time advances moving up from the map display, as in the space-time cube. Time also, however, advances with each turn of the modified helix’s radial vector. We suggest a full rotation representing some traditionally cyclical element of our time construct, such as a year, day, or minute. To build the surface, each radius of the circle varies based on the value to be represented. The outer ends of these radii are used to construct a surface using triangular facets. Both long- and short-period variations are displayed simultaneously with such a surface. 

We use an example of daily maximum temperature data covering 100 years to illustrate this visualization. Each point along the modified helical path will represent one day’s measure, and each full rotation will represent one year. The radius corresponding to each point will be scaled based on the daily maximum temperature attribute. Figure 1 illustrates how attributes, years and days correspond to the series of points approximating the modified helix.

Figure 1: Points along a modified helix path for daily data of varying attribute collected over multiple years.

2. Methodology
Daily maximum temperature data for this study are from the 1,218 stations in United States Historic Climate Network, downloaded through DayRec, a product of the Carbon Dioxide Information Analysis Center (CDIAC) http://cdiac.ornl.gov/climate/temp/us_recordtemps/dayrec.html. This dataset flags missing data or data of questionable accuracy or reliability with -999. We used stations designated as either Class 1 or 2, representing the 424 stations with the least amount of flagged data. All years have 365 daily maximum temperature readings, with no values reported for leap day (February 29th).
  
Faced with how to construct the types of displays we imagined, our first experiments were coded directly using OpenGL. Our software read the data files from CDIAC, then converted them into 3D vertices and colors as needed by OpenGL. It also provided a rudimentary interface for adjusting the camera angle using the keyboard. However, we found that the interface was awkward and the turn-around time needed for tweaking the rendering was limiting. We decided to pursue a different direction.

Blender http://www.blender.org  is a free and open-source software application for 3D modeling, rendering, and animation. It includes an application programming interface (API) in the Python language, and various lighting and shading techniques built-in. We constructed the base map using Esri’s ArcGIS, exported it as a shapefile, and imported it into Blender. Then we wrote a Python script to read a CDIAC data file and construct the corresponding helix as a model using the Blender API.

The Python script is only about 360 lines of code, including basic documentation and some embedded unit tests. It includes functions for replacing or ignoring missing temperature readings (denoted –999 in the data files), finding the extrema, and normalizing to the range 0–1. The heart of the script is the triangularize function, which produces a list of faces (themselves a sequence of co-planar points). As we work through the 100 years of data, a pair of faces is calculated from the readings of today, yesterday, one year ago, and a year ago yesterday.

Within a second or so, the model will pop up at the selected location on the base map in Blender. The script is also capable of being run outside of Blender, in which case it will simply dump out the processed 3D points and color data to aid with analysis, or potentially for importing into a different 3D rendering application. Once the model is created, we can adjust the light sources and shading. (Adjusting the color palette requires tweaking the configuration section of the script and rebuilding the model.) We can easily navigate the camera throughout the model, choose an appropriate scene, and ask Blender to render it more thoroughly, producing a still image.
3. Results and Discussion
[image: ]Figure 2 shows results of the methodology for 100 years of maximum temperature data for four cities in the eastern United States. The view is from the north, with the modified helical surface representing winter facing the viewer. Spring and autumn are to the left and right of the helix’s fully visible side, respectively.

Figure 2. Modified helix surfaces displaying 100 years of maximum temperature data for four cities in the eastern United States. 


Seasons vary by the radial distance of triangular facets to the central axis, so that in this example summer months are displaced further outward than winter months. The result is not a perfect cylinder, but one that is crimped inward during winter and flexed outward during summer. These variations are further highlighted by the colors, which vary with temperature.
Short period variations from days to weeks are highlighted by both changes in color, shading and shadowing. As an analogy, this is similar to the use of relief shading (shading and shadowing) with hypsometric tinting (color) used to cartographically represent terrain (Imhof 1982).
[bookmark: _GoBack]Data flagged with -999 results in gaps in the continuous surface which envelops the outside of the modified helix structure. When a full year or more of data is missing, the structure is divided into more than one segment. All stations will have the same date at the same z-value above the surface of the map.
The advantage of this method over individual graphs or charts of maximum temperature is that the modified helix structures appear in the geographic context of the map. The major difference between this method and the time-space cube is that geostationary but temporally varying data is copious (36,500 data points, in this example covering 100 years) and displayed on the surface of a modified helix as opposed to a vertical axis directly above the location.
4. Summary
We describe a method for creating a visualization of data collected as spatially consistent sites at a high temporal frequency. Our model begins with a helix, but modifies the radii based on an attribute, in this case maximum daily temperature. The outer points of these radii are then triangulated to create a surface. These surfaces are colored and shaded in a manner consistent with relief depiction in terrain. Multiple modified helix structures can be displayed on one map allowing for the user to see patterns of change both spatially and temporally. Such models could serve as the basis for methods used in geovisualization, such as user-interaction and animation.
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