LSSA.IN 
File description

General: LSSA.IN is one of the input files that contains all the user-defined parameters for the analysis of a series. There are eight blocks of parameters that need to be specified before each run. The first line of each block describes the parameters. All input parameters are Format specific. Please observe the format. What follows is a detailed description of the file, block by block: 

Block 1
INPUT FILE CHARACTERISTICS

TEST-SER.DAT 
NAME OF INPUT FILE FMT:A12

    64                
NUMBER OF DATA POINTS (I6)

Hour                  
UNITS OF TIME (EX. HOUR, MIN, SEC, etc.) (FMT: A4)

Volt                  
UNITS OF TIME SERIES (EX. mGal, m, mbar, etc)(FMT: A4)
LINE 1:
INPUT FILE CHARACTERISTICS. This is a descriptor of the block

LINE 2: 
Name of the file. The format is A12, containing 8 characters for the name of the file and the extension. Files must have an 8 character name.

LINE 3: 
Number of data points: FMT:I6. This indicates the number of data points in the series

LINE 4: 
Enter the units of time of the series. For example years, hours, seconds or other. The input is limited to four characters only and is used on the output file. 

LINE 5: 
Enter the units of the values of the series. For example mGal, volt, mm, mbar, or any other units. The input is limited to four characters only and is used on the output file. 

Block 2

RANDOM CONSTANT (DATUM SHIFTS)

     4               

 NUMBER OF DATUM SHIFTS (I6)

      4.0000         
 DATUM BIASES (TIMES) (F20.12)                   

     13.0000
      56.0000

    128.0000

LINE 1:
RANDOM CONSTANT is a descriptor indicating the number of datum shifts, or offsets a series may have. The user needs to identify the times at which there is a possible offset. A series may have many possible offsets.
LINE 2: 
Number of offsets, or datum shifts. It is quite common to have many offsets. Please enter the number of offsets here (e.g. 2, 10, 156, etc.). The minimum number of offsets is one (1), which corresponds to the beginning of the series. In the particular example we have listed four offsets.
LINE 3: 
In each of the subsequent lines enter the times at which the offsets are suspected. The first offset is always the first time tag of the series. If in a subsequent run you decide to have only the first offset, you do not need to remove the others. Simply change the number of offsets to 1 (LINE 2). 
LINE 4: 
Time of 2nd offset 

LINE 5: 
Time of 3rd offset
LINE 6:
etc.

Block 3
TRENDS

     1                

RANDOM RAMP (LINEAR TREND) (1=ON, 0=OFF) (I6)

     0                

EXPONENTIAL TREND (a*exp(-b*t))(1=ON, 0=OFF)  

       1.000000       
DECAY CONSTANT (=b above) (F15.6)

     0                

POLYNOMIAL SECOND ORDER TERM (1=ON, 0=OFF) (I6)

     0                

POLYNOMIAL THIRD  ORDER TERM (1=ON, 0=OFF) (I6)

     0                

POLYNOMIAL FORTH  ORDER TERM (1=ON, 0=OFF) (I6)

     0                

POLYNOMIAL FIFTH  ORDER TERM (1=ON, 0=OFF) (I6)

In general, a polynomial fit of max order 5 can be achieved by using the equation y=a0 + a1x + a2x2 + a3x3 + a4x4 + a5x5. Each of the coefficients is described bellow.
LINE 1:
TRENDS. This is a descriptor of the block indicating that trends can be fitted to the data (least-squares principle). When the user needs to calculate a particular trend, he/she should switch ON the term. Otherwise a zero (0=OFF) must be used. When the switch is ON, coefficient a1 of the polynomial above is calculated.
LINE 2: 
Exponential trend: LSSA fits equation a*exp(-b*t) to the data. When the switch is 1=ON then coefficient a will be estimated with coefficient b given in the 3rd line

LINE 3: 
Decay constant b of the exponential trend can be chosen by the user (any real number). Format: F15.6. 

LINE 4: 
Second order polynomial fit. Coefficient a2 is calculated.  
LINE 5: 
Third order polynomial fit. Coefficient a3 is calculated.  

LINE 6: 
Fourth order polynomial fit. Coefficient a4 is calculated.  

LINE 7: 
Fifth order polynomial fit. Coefficient a5 is calculated.  

Note: The user can choose any combination of coefficients to be calculated by switching ON only the coefficients of interest.

Block 4
PROCESSES             ALL FORMATS:I6

     0                FIRST  ORDER TERM OF AR OR RANDOM WALK (1=ON, 0=OFF)   

     0                SECOND ORDER TERM OF AR (1=ON, 0=OFF)          

     0                THIRD  ORDER TERM OF AR (1=ON, 0=OFF)          

     0                FORTH  ORDER TERM OF AR (1=ON, 0=OFF)          

     0                FIFTH  ORDER TERM OF AR (1=ON, 0=OFF)          

LINE 1:
PROCESSES. This is a descriptor of the block indicating that certain random processes can be tried on the series. Again, switch 1=ON can be used to estimate the coefficient of the process. Otherwise, switch 0=OFF should be used. 

LINE 2: 
If a first order autoregressive process is suspected then set switch to 1=ON. The coefficient will be calculated and a statistical test will indicate on output whether it is significant or not. In addition, a statistical test is performed on the calculated coefficient to indicate whether it is significantly different from unity (random walk). If the coefficient is statistically equal to unity then the process is a random walk.

LINE 3: 
Second order autoregressive process coefficient. 

LINE 4: 
Third order autoregressive process coefficient. 

LINE 5: 
Fourth order autoregressive process coefficient. 

LINE 6: 
Fifth order autoregressive process coefficient. 

Block 5
PERIODIC SIGNALS

     9                       NUMBER OF FORCED FREQUENCIES (I6)

     28.1783         NAME 1      FORCED PERIODS AND NAMES (F20.12,1X,A7)

     14.0557         NAME 2

     10.0760         NAME 3

      8.1954         NAME 4

      7.5816         NAME 5 

      5.6950         NAME 6 

      4.9587         NAME 7

      4.4461         NAME 8

      3.6515         NAME 9 

LINE 1:
PERIODIC SIGNALS. This is a descriptor of the block indicating that certain periodic constituents can be forced (fitted) to the series. The result will be in form of amplitude and phase of the sine wave along with a statistical test on its significance. 

LINE 2: 
Indicate the number of sine waves to be forced. Format: I6. 

LINE 3: 
Period of the first sine wave to be forced in units of time of the series. The name of the wave may be given in alphanumeric characters. For instance, in tidal analysis, the tidal wave names can be given e.g. M2, Mf, Ssa, etc. (max 7 characters). Format: F20.12,1X,A7.

LINE 4: 
Period of the second sine wave to be forced in units of time of the series.

LINE 5: 
etc. 

LINE 6: 
etc. 

Note: There is no need to remove excess lines after the last period listed.  LSSA reads as many periodicities as they are indicated in LINE 2. If more periodicities are listed, there is no effect. However, LSSA will abort if the number of listed periods is less than LINE 2.
Block 6
CHARACTERISTICS OF SERIES

     1                A-PRIORI VAR. FACTOR (0 = UNKNOWN, 1 KNOWN) (I6)

     0                WEIGHTS = 1 (1=YES, 0=USE GIVEN WEIGHTS) (I6)

      1.0000000       SCALE FACTOR FOR THE STANDARD DEVIATIONS (F15.7)

LINE 1:
CHARACTERISTICS OF SERIES. This is a descriptor of the block giving information about the covariance of the series. Please note that only diagonal covariance matrix is accepted. 

LINE 2: 
If the a-priori variance factor of the input series is known set switch to 1=ON. Otherwise set it to 0=OFF=unknown. 

LINE 3: 
When this switch is 1=ON, the values of the series are considered equally weighted and the weight is set to unity. Otherwise (0=OFF), the weight of each value of the series is calculated as the inverse of its variance. Standard deviations of the time series values are given in the input series file (3rd column). 

LINE 4: 
If the user wishes to scale the input standard deviations of the series values with a scale factor, then this factor should enter here. Format: F15.7. 

Block 7
SPECTRUM CHARACTERISTICS

     2                               IB: NUMBER OF SPECTRAL BANDS (I6)

   250                               NW: NUMBER OF SPECTRAL VALUES IN BAND (I6)

     64.0000       2.0000            PL, PS: LARGEST, SMALEST PERIOD IN BAND 

     18.0000      15.0000

LINE 1:
SPECTRUM CHARACTERISTICS. This is a descriptor of the block prompting the user to define the output spectrum, that is, the band, or bands he/she is interested in, as well as the number of spectral values in the bands. Please note that each band will have the same number of values. 

LINE 2: 
Defines the number of desired spectral bands (max=50). In this example two spectral bands are required by the user. The limits of each band are given below. 

LINE 3: 
Number of spectral values in each band (max 5000). The larger the number, the finer the output spectrum. However, large values slow down the execution time of LSSA. Usually 250 values give good spectral representation, at least at the diagnostic level (first few runs). 
LINE 4: 
Largest and smallest periods (in units of time of series) as upper and lower bounds of the first band. 

LINE 5: 
Largest and smallest periods (in units of time of series) as upper and lower bounds of the second band. 
LINE 6: 
etc. 

Block 8
STATISTICS

      0.01            CRITICAL LEVEL FOR DETECTING SIGNIFICANT PEAKS (F10.2)

      0.01            LEVEL OF SIGNIFICANCE FOR STATISTICAL TESTING  (F10.2)
LINE 1:
STATISTICS. This is a descriptor of the block prompting the user to define the critical levels for statistical testing. Usually value =0.05, or =0.01 is chosen. Format: F10.2.

LINE 2: 
Critical level for detecting significant peaks in the spectrum.

LINE 3: 
Critical level for testing the significance of the estimated parameters.

INPUT TIME SERIES FILE
The series to be analysed are in a separate file whose name is specified in Block 1, Line 2 of file LSSA.IN. The first line of the file contains the name of the project (max 40 characters). Even if there is no name for the project, this line must still be there (blank).

The time series are entered starting from the second line. There must be three columns for the series. The first column is the time, the second is the value of the series and the third is the standard deviation of the time series values (2nd column). Units of standard deviations are the same as the time series values. If the standard deviation is not available, you can enter unity or other value you may think is reasonable. 

· The format of the input series is FREE FORMAT. Fields must be separated by space. 

· The present version has been set to analyse 10,000 values. This is of course dependent on the computer system used. Please change the arrays accordingly.

· The time series can be equally or unequally spaced. The user does not need to specify this characteristic. However, if the series is unequally spaced, then any estimation of any autoregressive process (Block 4 of LSSA.IN) will have no meaning and must be avoided.
· The series must be monotonically increasing or decreasing. No two equal times are accepted. If you violate this condition, LSSA will abort and will give you error message in file LSSA.OUT.

OUTPUT FILES
LSSA.OUT: This is the output file with the analysis results along with all statistical tests. The spectrum is described in three different forms: Percentage variance (least-squares spectrum), power spectral density in dB, and power spectral density in unit2/frequency, where unit is the unit of the time series values (e.g. mGal, mBar, Co, mm, volt, etc.), and frequency is in cycles per time unit of the series (e.g. cycles/day, cycles/min, etc.). All these units are specified on input (LSSA.IN, Block 1) and shown clearly on output (LSSA.OUT).
The spectrum is given in six columns as follows:

· Column 1: Period of spectrum in units of time of the series

· Column 2: Frequency in cycles/unit time.

· Column 3: Fidelity: This is in units of time, and when present, it indicates the location of a significant peak. Its value shows whether this peak can be resolved from neighbouring significant peaks. For instance, if a neighbouring peak is within (fidelity, then the peak cannot be resolved from its neighbouring ones. Otherwise it’s resolvable. The criterion for the resolvability is as follows: Two peaks are resolvable in a given time series, when they can attain a phase difference of 180o within the length of the series. 

· Column 4: Least squares spectrum in percentage variance (%).

· Column 5: Power spectral density in dB. Please note that this spectral density is equivalent to FFT when the series is equally spaced.  

· Column 6: Power spectral density in unit2/frequency. Again this spectral density (normalised by frequency) is equivalent to that of FFT when the series is equally spaced. Obviously LSSA does not require equally spaced series, contrary to FFT.  

· Lastly, the spectrum is printed with asterisks for quick identification of peaks.

RESIDUAL.DAT: This is an ASCII file that lists the input and residuals series in different columns for easy plotting with any plotting package. There are four columns as follows:

· Column 1: Time 

· Column 2: Input time series values

· Column 3: Normalised residual series (after the removal of trends, periods, processes, etc.)

· Column 4: Standard deviation of residual.

SPECTRUM.DAT: Is an ASCII file that contains the output spectrum (6 columns) as described in LSSA.OUT. Simply, this file can be used for plotting purposes. Columns are in the same order as in LSSA.OUT
