
Spatial data analysis rooted in time series analysis



The Box/Jenkins time series revolution

This book, first published in 1976 and now in its 4th
revision, launched time-domain time series analysis.
A time series or one of its derivatives was assumed to be
mean- and covariance-stationary.
ARIMA process was announced, a synthesis of
autoregressive (data level) and moving average (error
level) processes
If the series was not visibly stationary, it was differenced
until it seemed so.



Box/Jenkins and data

For a big book (500+ pages), there wasn’t much data
analysis.
Six sets, only four of which were given serious attention. A
table on page 273 summarized the results.
One was temperature for a chemical reaction, a variable
available in real time for essentially free.
No source was cited, but it said that a feedback loop was
involved, and that the effect of the control process was
subtracted from temperature.
The following plot shows a portion of the data.



Temperature of a controlled chemical process
(first 100 observations only)



What they found

The data were judged not to be stationary.
But the first and second differences were said to be
suitable for ARIMA analysis.
The first difference was order 1 auto-regressive, with the
positive coefficient near one, which says essentially that
the first difference was at least smooth.
The second difference was moving average (random effect
only) order 2, but with coefficients hardly differing from
zero. That is, very close to white noise.
That’s all folks!



Smoothing all the data



What we now see

Neither the first or second derivative is stationary.
The oscillation in the second derivative is tied to how close
temperature is to a set point of 24 deg. C.
Much of the variation can explained by the simple linear
feed-back control system

DT = −βT + αC
DC = 24 − T

or the equivalent 2-parameter second order linear equation

D2T = −βDT − αT + 24α



Controller chatter

Notice the harmonic component in the second derivative at
the resonant frequency for the second order system that
results when a first order process is subject to first order
feedback.
The sharp reaction at the “blip” on the left is due to it’s
closeness to resonance.
The data have an interesting story to tell that has nothing
to do with stationarity or covariance.


