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MULTITREND – user’s manual
An Excel-based tool for joint analysis of trends and change-points in multiple time series
Trend analysis of time series data aims to uncover persistent changes in the mean level of the collected data. Most of the classical methods in this field are applied to one series at a time. MULTITREND facilitates:

· joint analysis of trends in several, interdependent time series;

· joint analysis of smootb trends and abrupt changes.

The main idea behind MULTITREND is illustrated in figures 1 and 2 below
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Figure 1. Trend surface derived from an ordered set of time series with similar trends.

[image: image6.wmf]Year

Series id

Response

Covariate

1997

Site1

5.56

5.64

1998

Site2

4.32

6.38

2001

Site1

4.43

4.72

1999

Site2

6.52

3.92

2003

Site1

3.96

4.08

2007

Site3

4.78

5.37

2009

Site1

2.62

3.77


Figure 2. Response surface with synchronous level shifts in all vector coordinates.

.

The data in a collection of time series form a set of points in a 3D-space, where one axis represents time, another axis the series number, and a third axis the target variable. If the time series have been ordered so that adjacent series have similar, but not necessarily identical, trends the trend curves will form a more or less smooth response surface that we shall call a trend surface (figure 1). MULTITREND facilitates estimation of such trend surfaces.

If there is an abrupt level shift in all series at the same time, we say that the vector time series has a synchronous change-point. MULTITREND can also be used to detect and estimate such change-points. In particular it can estimate response surfaces of the type shown in Figure 2.
System requirements

MULTITREND can be run on any PC where Microsoft Office Excel 2003, Professional Edition, has been properly installed. It can also be run under Microsoft Office Excel 2007, although some of the graphs may need to be edited. A modified MULTITREND version for Microsoft Office Excel 2007 is being developed.
The computational time for some of options offered by MULTITREND can be substantial. Cross-validation and resampling techniques work properly for up to 10-15 series each representing a time span of 10-30 years.

Data preparation

The time series analysed in MULTITREND shall have a fixed time step. The primary time stamp is called year, and shall be a positive integer. An optional secondary time stamp (e.g. season or month) can be utilized for trend analysis by season.

If the raw data are given by date, monthly and annual weighted totals can be computed prior to the trend analysis. Using an analogy with substance loads carried by rivers, the response values are called concentrations, whereas the weights are called flow data. Paste your data onto the sheets ‘Concentration by date’ and ‘Flow by date’ as tables where the first column is reserved for dates and has the label (variable name) ‘Date’. Then click the button ‘Compute loads’ to compute flow-weighted monthly and annual totals. 
Data tables can be pasted anywhere in the worksheets ‘Concentration by date’ and ‘Flow by date’, and several tables can be pasted onto the same worksheet. MULTITREND searches for cells with the string ‘Date’ and then uses empty rows and columns de delineate the tables.
The calculation of monthly and annual totals employs linear interpolation to expand the given data to complete series of daily date, and then computes totals by summing products of response (concentration) and weight (flow) day by day.

Input of data

General information
MULTITREND operates on Excel sheets, and the data that shall be analysed are pasted onto the worksheet ‘Input to trend analysis’

Each data set shall have the form of a table, where the first row is reserved for variable names, and each case (object) has its own row.

Also, note that the first column must have the name ‘Year’ and represent the year of each observation.

Data tables can be pasted anywhere in the worksheet, and several tables can be pasted onto the same worksheet. MULTITREND searches for cells containing the string ‘Year’ and empty rows or columns that delineate the different tables.
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Figure 3. Examples of input data tables
Model roles of the variables

The model roles of the variables are determined by their position in the data table. The first column is reserved for the year of each observation. The second column provides information about which time series that has been observed (season or series id), and the third column contains the observed level of the target variable under consideration. Remaining columns are assumed to contain one or more covariates for which the trend surface is adjusted.
Variable types and missing values
Years are assumed to be coded as positive integers, whereas both the target and the covariates can be any type of numeric variables. The vector coordinate (series identifier) can be a string, such as “July” or “Site A”, or a numeric variable.

MULTITREND automatically checks the variable types and produces error messages if cells that should be numeric have a nonnumeric content.

Missing values shall be indicated by empty cells. Note that a cell containing an invisible space is not empty.
Starting the data analysis

The worksheet ‘Input to trend analysis’ has a button ‘MULTITREND’. When clicking that button, the programme first presents a sequence of user forms that shall be filled in, one by one. Thereafter, MULTITREND immediately starts the data analysis.
Mode of operation

MULTITREND can be run in two different modes: Standard and Advanced
The Standard mode is designed to enable fitting of smooth trend surfaces with a minimum of user input. The uncertainty of the fitted values is estimated by using a conventional technique for residual resampling in regression models.

The Advanced mode also enables change-point detection and offers a more advanced technique to determine the uncertainty of the fitted response values.
Smoothing options
Type of smoothing

The response surfaces that are fitted to observed data are always smoothed over years. The smoothing across series can be of the following types:

(i) Gradient smoothing

(ii) Circular smoothing

(iii) Sequential smoothing

Gradient smoothing is used when the time series can be ordered from the first to the last one according to some criterion.
Circular smoothing is used when the time series can be ordered on the periphery of a circle so that the last series is followed by the first series.
Sequential smoothing is primarily used for seasonal data which are smoothed so that the fitted value for the last season of a year is close to the fitted value for the first season next year.

The three types of smoothing are illustrated in figure 4.

Selection of smoothing factors

Fitting a smooth trend surface to a dataset is a matter of compromising between good fit and smooth function surface. In MULTITREND, this is achieved by minimizing an expression of the form
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where the first term is a residual sum of squares, (1 and (2 are smoothing factors, and S1 and S2 are measures of roughness (nonlinearity) of the fitted trend surface.
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Figure 4: Gradient, circular and sequential smoothing.

S1 measures the roughness across years, whereas S2 represents the roughness across series. If (1 and (2 are very large, the fitted surface will be almost linear If the two parameters are very small, the fitted surface will follow the variation in observed data more closely.
The smoothing parameters (1 and (2 can be selected by the user or determined from the data by cross-validation. The first option is recommended if short computational time is a priority. The cross-validation is used to search for an optimal pair of smoothing factors, and this procedure may take considerably longer time.
Transformation and series order

If the analysed time series have very different means or variances it may be preferable to perform the smoothing on series standardized to mean zero and variance one. However, the final results are always expressed in the original scale.

When gradient smoothing is employed, it can be of interest to order the time series according to their average response. This option is not meaningful for other types of smoothing.

Time intervals

MULTITREND can use all available data or restrict the analysis to user-defined time interval.

Uncertainty of fitted values

Confidence intervals for the fitted values are computed using residual resampling (bootstrap). New datasets (bootstrap samples) are generated by adding error terms drawn by sampling with replacement from the observed model residuals.

In Standard mode, the bootstrap samples are used without any modification, thus producing datasets with independent error terms.

In Advanced mode, the correlation patterns in the observed residuals are restored by randomly selecting pairs of residuals and swapping the coordinates if this operation makes the correlation pattern in the bootstrap residuals more similar to that of the original residuals.
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