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Summary: Geophysical observations produce time series that often need to be 
conditioned before high-level analyses can produce meaningful results. This note 
discusses a straight-forward and consistent approach to the conditioning issue. 
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Analysis of geophysical data sets that consist of single-point observations made at various 

times is a common task in the environmental sciences, and the corresponding comparisons 

among several such time series often provides the basis for understanding the complex 

interactions among the various components of the global environmental system. Such analyses 

require that the individual series each be well-conditioned. This is necessary to ensure that the 

numerical methods involved with spectral analysis and cross-correlation analysis, etc., will be as 

stable as possible and that the prospect of spurious and/or misleading results will be minimized. 

This note presents one method to condition a time series. 

 

1. Remove the average 

Given a sequence of observations     taken at times ti, with N total observations, we have 

the time series                 . The mean, or average, is then defined as 

      
 

 
        

where the sum over i extends from 1 to N (and does so in all subsequent summations here). 

We now define a new time series of deviations from the mean,                  Note that the 

mean of this new time series is zero, i.e., 

         

 

2. Remove the trend 

Often, time series exhibit a trend, that is, an overall increase or decrease over the period of 

record. Removing this is most rigorously accomplished by finding a least-squares linear fit to the 

time series and subtracting it from the data set. First, we define 

                        

that is, the sum of the squares of the differences between the (deviat ion) data points       and 

the corresponding points on a line defined by the equation A·t+B. By minimizing this sum S 

with respect to A and B (i.e., by taking          and        ) and solving the two 

resulting equations for A and B, we find that 

   
 

 
         

 
               

 

 
                  

 
                 

where 

                                                             
1 Revised and updated from original manuscript of 1994, ©Howard P. Hanson, University of Colorado. 
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These make use of the fact that          , which explains the difference between A and B here 

and the usual least-squares coefficients. A new time series of deviations from the mean—with 

the trend removed—is now defined as 

                    

It is useful to ask if this new time series still has zero mean, i.e., does          ? Using (3), it 

is easily shown that this is indeed the case. 

 

3. Normalize 

When performing time series analysis, particularly when comparisons among time series are 

of interest, it is helpful to non-dimensionalize the time series involved. For example, a multi-

year comparison of the annual crop yields in the Washington state apple orchards and the 

California orange groves might be of interest to someone studying West Coast climate 

variations. But comparing apples and oranges is a well-known statistical pitfall. On the other 

hand, comparing the relative yields in given years could produce meaningful results. The 

question concerns “relative to what?” The answer is embedded in the process of normalization, in 

which the time series is non-dimensionalized in a strategic fashion. 

There are two methods that can be used, depending on the application. One method 

normalizes the time series by the largest value in the time series (or its absolute value, if it is a 

negative number). This gives a new time series in terms of this largest value: 

     
   

     
  

where       is the largest value of       in the detrended time series. (The largest value of      

can be used as an alternative.) Note that in general this approach implies that              

    . (The term “non-dimensionalize” refers to the fact that in the original time series of, say, 

orange yields, each    is expressed in oranges per year, while the non-dimensional time series has, 

implicitly, fractions of the maximum yield, with no dimensions on each xi.) This method is useful 

if the value of       is known in advance, or if there is certainty that none of the values of     

(particularly      ) is spurious. 

A more robust method uses the statistics of the time series itself to define the normalized 

series: 

     
   

  
    

where σx is the standard deviation of the original time series (σx
2 is the variance of the series): 
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Thus, the normalized time series xi, i = 1..N  is expressed in (non-dimensional) units of the 

standard deviation of    . This method can be especially helpful if the range of the series is not 

known in advance or if there is reason to suspect that the series contains spurious data 

values. In that case a search for data points with values greater than (or less than) some imposed 

threshold (say, four standard deviations) can be made, and these values eliminated (and, if 

desired, filled by interpolation) if it is appropriate. With this “corrected” time series, the statistics 

can be re-computed in an iterative fashion as depicted in Fig. 1. Note that the statistics will 

change; in particular, σx will decrease. This means that (at least) a second round of quality 

control is appropriate. 

 

Figure 1: Flow diagram for time-series conditioning. 

4. Summary 

Given time series       and so on, it is straight-forward to perform the operations described 

above to obtain well-conditioned time series x, y, etc. In addition, the values of the means (   , 

etc.) and standard deviations (σx, etc.)  are fundamental statistical quantities in themselves, 

and by finding them in the process of conditioning the time series, some of the basic statistical 

analysis is automatically accomplished. Given two or more well-conditioned time series, 

covariances, cross-correlations, and auto- and co-spectra can be calculated using standard 

methods. 

Note that the emphasis here is on time series taken at a single point in space; however, 

these techniques can also be applied to observations obtained at the same time at a sequence of 

points in space. Series obtained in a mixed fashion (at various space-time points) require 

more sophisticated methods of analysis. 


