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Abstract 

This manual presents the Fortran programming codes for fitting 

time series‘ models for irregularly spaced data which are; comonly 

encountered in environmental work, especially water quality 

monitoring. Two sets of interactive programs are given and their use 

is illustrated on data from Turkey Lakes Watershed; One of the 

programs computes the autocorrelation and crosscorrelation function 

for time series with missing observations, while the other uses KALMAN 

filtering techniques for estimating the parameters in the univariate 

and multivariate models. Although the programs are written in 

Fortran 5 for a CDC—180 computer system, they are easy to adopt for 

other computer systems.



Résumé ~ 

Dans ce manual, on présente les codes de ppogrammation Fortran 

qui servent 5 ajuster les modéles en série chronologique aux données 5 

espaoement irréguliet courantes dans les travaux sur 1'environnement, 

surtout ceux ayant trait an ¢ontr61e de la qualité de 1'eau- On donne 

deux ensembies de programmes d'interaction ainsi que leur utilisation 

sur des données obtenues dans 1e bassin hydrographique de Turkey Lake. 

L'un des PrOgrammes calcule la fonction d'autocorré1ation et de 

cross=corré1ation des modéles en série chronologique avec les 

observations nnnquantes, tandis que lfautre utilise les techniques de 

filtrage KALMAN pour estimer Ies paramétres des modéles 8 une variable 

et 5 plusieurs variables. Les programmes sont écrits en Fortran 5 pour 

un ordinateur CDC-180, mais ils siadaptent facilement 3 d'autres 

ordinateurs. i

V
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Management Perspective 

Many irregularly spaced time series are collected for the purpose 

of monitoring the changes in the status of aquatic ecosystems; One 

major difficulty is encountered at the stage of performing the 

statistical analysis, namely most techniques available require equally 

spaced observations. Damsleth (1987) extended the use of equally 

spaced time series techniques to the case of irregular time series. 

This manual describes the required vfortran programs for modelling 

irregular time series.



Perspect1ve—gestion 

De nombreuses données en série chronologique espacées de fagon 
I . 

irréguliére sont prélevées afin de conttfiler les variations qui se 

produisent dans les écosystémes aquat1ques- On se heurte 5 une 

principale »difficu1té au moment d'effectuet 1'analyse statistique, 

notamment 1e fait que la plupart des techniques actuelles nécessitent 

des observations espacées éga1ement- Damsleth (1987) a étendu 

1'ut11isat1on des techniques de modélisation de données en série 

chronologique 5 espacement égal aux données 5 espacement irrégulier. 

Ce manuel décrit les programmes Fortran nécessaires pour modéliser les 

séries chronologiques irréguliéres.



In sampling environmental time series, irregularly spaced data is the rule 
more than the exeption. Irregularly spaced data can be regarded as a special 
case of a time series with a (short) basic spaciflg between the observations, 
but with a lot of observations missing. The analysis of time series with 
missing data requires special tools, since.all the standard techniques are 
developed for the situation where the time series is completely observed. 

Two interactive Fortran programs, CORRCAL and KALMAN, have been developed 
to perform the analysis of such series. CORRCAL computes the autocorrelation 
and crosscorrelation function for time series with missing observations, 
while KALMAN estimates the parameters in a univariate ARIMA~model or a multi- 
input transfer function model, using the method of maximum likelihood. This 
manual serves as a users guide to these two programs. 

Section 2 describes the data input, which is common to both the programs. 
Section 3 gives a short description of program CORRCAL and its use, while 
Section A covers program KALMAN. The major part of this note consists of a 
number of appendixes, which gives examples of the data files, examples of 
the use of the programs and of the resulting output. A listing of the source 
code ends the note. 

The programs are written in standard Fortran 5 for a CDC—l8O computer opera- 
ting under NOS 2.5, but they should be fairly portable and easy to transfer 
to another computer. 

2. Data input. 
In addition to the interactive input supplied by the user during program exe- 
cution, both programs require two input files. One contains a description of 
the data structure, while the second contains the actual data values. 

2.1 The description file. '

_ 

The description file describes the data structure, and has the following 
layout:

I 

Line 1 : Identification heading. Up to 60 characters, left justified, which 
will be used as heading in the printed output.



Line 2 : Number of time series in the data file, in free format. 
" 3 “: flame of the first time series. Up to 8 characters, left justified. 
II 4 : 

II second H II II 

II 
: 

II ml I1 II II 

where m is the number of series given in line Z. 
" n+3: Fortran format for reading one data record, where a record contains, 

the values for all the m time series at a given point in time. 

Appendix A.1 gives an example of a description file. The name of the descrip- 
tion file must be supplied to the program by the user. " 

2.2 The data file. 
The data file contains the actual data values. Each record contains the values 
for all the time series at one point in time, and the records must be ordered 
sequentially in time, so that the first record covers time point no. 1, the 
second record time point no. 2, etc. The number of records in the file equals 
the length of the time series. 

The records must be written to match the Fortran format given in the last line 
of the description file. Missing values must be given auniquecode which is 
less than all the observed values, since all values less than or equal to this 
code will be regarded as missing. -

4 

Important. The present version of the programs restricts the number of series 
to be ten or less, and the number of observations in each series must be less 
than or equal to 1500, missing values included. '~ 

An example of (parts of) a data file is given in Appendix A.2. Note that in 
the example each record contains a sequence number and the date, in addition 
to the data values. This information is not used by the programs, and will be 
skipped when the file is read according to the format in the description file. 

The programs will prompt for the name of the data file.



3. Program GORRCAL. 

3.1 Purpose. 
Program CORRCAL computes the autocorrelation for a time series and/or the 
corsscorrelation function between pair of time series, where the time series 
may contain missing observations, '

Z 

3.2 Method. 

3.2.1 Autocorrelation function. ’ 

Let {Xt}, t=1,...,n denote a time series, and define the inicator series {Ct} 

1 ‘f x >x. 3 

Ct: [ 
1 

Mt 1.1111 

lo .1fXt sxlim 
_ A 

If Xlim equals the missing value code, then Ct is an indicator of whether Xt 
is observed or not. If Xlim equals zero then Ct indicates whether a "real" 
value is observed. If, for example, Xt is a series of daily precipitation, 
Ct will indicate the rainy days if Xlim = 0. The program computes the auto- 
correlation function twice, once with Xlim equal to the missing data code and 
once with Xlim = 0,_even if the result from the two computations may some 
times be identical. ‘ 

The lag k (k > 0) autocorrelation is computed as 

“ - - 2 
‘1< = 2C'tCt-1<(X:‘X1<)(X¢-1<'X1<)/ Sk (2) 

k+1 

where the mean and the sum of squares are given by 

k 
V 

n 
_ 

k ’ 

Xk =(ZC1;Ct+kXc + Z Ctct-kxt )/( 2 CtCt+1< "' Q Cue:-1<) 

c t+k t_ -k 
+1

I 

Note that the mean and variance is computed using only those values which 

1 k+1 1 k+1 
k n 2 s 

a 

_ 
2. . 

- 2 sk = Zc c »(x Xk) + 2 ctct (xt-xk) 
1 1<

8 contribut to rk. This ensures that |rk| < 1. . 

3.2.2 Crosscorrelation function 
Let {Xlt} and [X2t} denote the two time series, and define the two indicator 
series {C15} and {Czt} as in the autocorrelation case, using (1). When k 2 0, 
the lag k crosscorrelation is computed as

'
1



H _____ 
M _l 

n 

-- - 
_ 2 2 

rk ;k§1CtCt—k(X1t_X1k)(X2t—k-X2k)/'/S1kS2k (3) 

where the means and sums of squares are given by 

fl 11 V 

2 = Z c c x / Z cuc 1k k+1 t t-k 1: k+1 t t-k 

_ n-k n—k 
X2kl= 

% 
Ct+kCtX2t / 

§ 
Ct+kCt 

s2 - 
n 
c c (X X 2 

1k 'k§1 t t—k 1t“ 1k) 

2 M“‘k 
p 2 

S2k ‘ 
E 
Ct+kCt(X2t_x2k) 

When k < Q the same formulae applies, but with k replaced by |k| and with 
X1‘ and X2’ interchanged. _

' 

3.3 Program file. 
The program is stored as symbolic code in the file CORRCAL, which contains 
the program itself as well as the subroutine CCORR, which is called by the 
program. The program requires no other routines. 

3.4 Running the program. 
The running of the program is best explained by the example given in Appendix 
B.1, with explanatory comments. 

3.5 Output from the program. 
CORRCAL writes its output onto a file named CORRES, which is local to the 
job. If the file does not exist prior to the execution, it will be created by 
the program. After the run this file may be inspected using an editor, and/or 
routed to a suitable printer. The CORRES file generated by the example run is 
shown in Appendix B.2.

_



4. Program KALMAN. 

4.1 Purpose. 
Program KALMAN estimates the parameters in a univariate ARIMA—model or a 
single or multi—input transfer function model, using the method of maximum 
likelihood. Standard deviations of the estimates are also given, as well as 
the correlations between the estimates.

T 

4.2 Modél. 
Let {Yt} denote the output series and {Xlt}, {X2t},... the input series. 
The model can then be written 

In 
~ 

s ' 

Yt =iZ1(vi0+ vi1B + ... + viSiB 1)Xit_bi + nt (4) 

(1 - ¢1B - ... - ¢pBP)(nt- u) = (1 - eln - ... - BqBq)at (53) 

or (1 - ¢1B - ... -"¢pBP)(l-B)dnt= (1 - els - ... - 9qBq)at (Sb) 

where (5a) applies if the noise is assumed to be stationary, while (Sb) 
applies in the nonestationary case. 

In (4), m denotes the number of input series. If m = O, then we have an 
ordinary ARIMA-model. si denotes the number of impulse response weights 
for the i'th input, while bi gives the delay. nt denotes a noise series 
after the "regression" (4), where the noise is not neccessarily white, 
but follows the ARIMA—mode1 given in (5a) or (5b).11is the mean of the 
noise in the stationary case, and d is the number of differences required 
to obtain stationarity in the non-stationary case. p and q represents the 
orders of the autoregressive and moving average part of the model, respec- 
tively. In (4) and (5), B denotes the backwards shift operator which operates 

. . k _ -

- on the time index, so that B Yt- Yt_k. 

Note that the transfer function model (4) is written on impulse response 
weight form, Thus, the option to have the transferfunction parameterized

V 

as the ratio of two polynomials in B, as advocated by Box & Jenkins (1974). 
The reason is that the rational form approach creates a number of diffi- 
culties in the case of missing data.



Restrictions. In the present version of KALMAN, the following restrictions 
apply: 

III m§5.p§10,-q§10,{si+m+p+q§18,d§2. 
i=1 T '

' 

'

3 4.3 Method. ‘ 

. 

‘
- 

For a given set of parameters, the likelihood is computed in two steps: 

1. The noise series {nt} is calculated, using (4). The noise nt is regarded 
as missing if any of the observations (output or input) involved in-its A 

computation are missing. In the univariate case {nt} = {Yt}, with the same 
missing values.

_ 

2. The likelihood for the ARIMA—model (5) for the noise is then computed 
using the method from Jones (1980) with the non-stationary extension 

‘ developed by Damsleth (1987). 
_

_ 

The negative of the likelihood thus obtained is used as the objective function 
to the IMSL library routine ZXMIN, which provides the optimal parameter 
values. -

‘ 

When the optimal parameter values are found, we use a finite difference 
technique to approximate the information matrix in the solution point. The 
inverse of this information matrix provides estimates of the covariance 
matrix, which in turn_gives the standard deviations of the estimates as well 
as their correlation matrix. Occasionally the parameter estimates are so 
closely correlated that the information matrix becomes too near singular to 
be inverted. In this case the standard deviations are given as -1, and a . 

warning is given. 

4.4 Program file. 
The program is stored as symbolic code in the file KALMAN, which contains the 
program and the subroutines CNOISE, DDIV, DMULT, DTRAN, FM, FMl, HCAL, INIT, 
DALREC, RESOUT, SETUP, STABTRA and ZINIT, which are required by the program, 
In addition the program requires access to the routines in the IMSL-library. 

4.5 Running the program. 
Before starting the program, the IMSL~library must be attached and.made a 
library. It is further recommended to set the "stop on full screen" options " 

to no, using the (ESC)PG=N command, where (ESC) denotes the escape character. 
It is also recommended to set the time limit to a fairly large value using '" D ' 

the SETTL command, to avoid frequent interrupts during exe¢ution_



The actual running of the program is best described via the example, with 
comments, given in Appendix C.1. 

4.6 Output from the program. 
KAUMAN writes its output onto a file named.ESTRES, which is local to the job. 
If the file does not exist prior to the execution, it will be created by the 
program. After the run this file may be insepcted using an editor, and/or 
routed to a suitable printer. The ESTRES file generated by the example run 
is presented in Appendix C.2. 
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_ 

Box, G.E.P. and Jenkins, G.M. (1974): Time Series Analysis, Forecasting 
and Control. Holden Day, San Francisco. l 

Damsleth, E. (1987): Estimation in non-stationary ARIMA models using the 
Kalman Filter. Submitted for publication. ~ 

Jones, R.H. (1980): Maximum likelihood fitting of ARMA models to time series 
with missing observations. Technometrics, Vol. 22 No.3, pp 389-396.



Appendix A.1 

Example of a description file
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Appendix A.2 

Example of a data file
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Screen communication, program CORRCAL
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Appendix B.2 

Printout of the output file CORRES 
from program CORRCAL@
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Appendix C.1 

Screen communication for program KALMAN
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Appendix C.2 

Printout of the output file ESTRES 
from program KALMAN.
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Appendix _D.1 

Listing of program CORRCAL 
with its associated subroutines
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Appendix D.2 

Listing of program KALMAN 
with its associated subroutines
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