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Introduction

How can one graphically summarize 7
spatial time series data sets, each one
spanning a 24 by 24 grid? That's 4,032
univariate time series graphics! How do you
visually arrange the data in a single viewing
area? This is exactly the problem we tackle
with the exploratory graphics on our
poster. To the right are the graphics for
surface temperature and air pressure
explained below.

Method

Using the original spatial time series data,
we employ a lagged difference operator [1]
to construct our graphics. Typically used on
time series to subtract seasonality, however,
our method reveals seasonality along with
other interesting features. Each tiny box in
the matrix graphics on the right are a small
multiple [2] of the 24 by 24 grid with map
lines, axes, and labels removed. A divergent
color scale of blue to white to red is used to
highlight the data, where blue relates to
negative changes or lower measurements,
red relates to positive changes or higher
measurements, and white relates to either
no change at all or some notion of mean or
median measurement, depending on the
graphic.

Difference graphic

The larger triangular graphic to the above
right is our first attempt to get a handle on
the raw surface temperature data. The 71
lag-differenced time series graphics are
plotted one on on top of another. The
horizontal axis measures increasing time,
and the vertical axis measures increasing
lag. The skinny graphic tucked just beneath
the horizontal axis is a graphic of the
original spatial time series. This serves as a
visual label for each point in time. The lag-
differenced color scale is constructed by
using the larger of the maximum and
minimum difference across all lags and
times and region. For instance, if the
maximum difference was 10 and minimum
difference was -5, blue would relate to -10,
white to 0, and red to 10. This allows color
to favor either maximum or minimum
differences. The original time series color
scale is constructed similarly, yet with its
own minimum, median (to serve as 0), and
maximum.

Indeed, this graphic serves as a model for all
the triangular graphics. We consider it the
first step in exploratory analysis when one
wants to look at any spatial time series data.
Tick marks are eliminated in this graphic
since, in general, one may not know in
advance where to place them in regards to
seasonality; however, our surface
temperature data reveals yearly seasonality,
so we take that into account for our residual
graphics (but leave them off for our
handout graphics due to the smaller size).

Residual graphic

The second step in our exploratory analysis
is an ambitious attempt (at best!) to
subtract the seasonality. We construct the
differenced mean across time and lag by
using all pairwise combinations of region
measurements, but only looking forward in
time. For example, the January to February
mean contains 15 entries, since we are
examine the forward change. They are Jan
95 to Feb 95, Jan 95 to Feb 96, ..., Jan 95 to
Feb 00, Jan 96 to Feb 97, Jan 96 to Feb 98,
..., and Jan 00 to Feb 00. Note that we don't
include January 96 to February 95 since this
difference looks backwards and inclusion
would result in the zero mean change
overall. Taking the data from the first plot
and subtracting the mean reveals an
interesting residual graphic; it reveals a
notable event.

Air pressure

We construct a smaller difference and
residual graphic for the air pressure
measurements and arrange them on the
right. While all of these graphics are an
exploratory process, and we reserve their
interpretation for the experts, June 1998
seems to be a very interesting month in the
Pressure graphics (this month is more
evident when the graphics are show at full
scale). In fact, most all the triangular
graphics express a similar "v" shaped motif.

Conclusion

"For us the most useful plot will be one that
might reveal the unexpected or the
unobvious. Sometimes a plot 'in the large'
will do this. Usually, however, it is the plot
of the residuals that has the greatest use and
the greatest impact." --- John W. Tukey [3]

We feel these statements made neary 30
years ago still hold, and in the present
analysis, both the plot "in the large" (our
difference graphic) and the plot of the
residuals (our residual graphic), seem to
hold equal weight. For instance, the
Pressure difference graphic conveys the "v"
shaped motif stronger than the Pressure
residual graphic. However, more of the
residual graphics (although not shown
here) convey the "v" shaped motif than do
the difference graphics.
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For More Information

Please email jeff.horner@vanderbilt.edu or
rafe.donahue@vanderbilt.edu, or visit the
url below.

http://biostat.mc.vanderbilt.edu/DiffGraphics
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