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1. Introduction
This program runs in Excel and does not require any knowledge of programming from the user. In this manual the procedure of computing multivariate and partial Mann-Kendall test and the different choices that can be made will be listed in more detail. Also a short theory describing this kind of tests is given in the beginning. 
2. Mann-Kendall tests for the detection of trends

Mann-Kendall tests are non-parametric tests for the detection of trend in a time series. These tests are widely used in environmental science, because they are simple, robust and can cope with missing values and values below a detection limit. Since the first proposals of the test by Mann (1945) and Kendall (1975), covariances between Mann-Kendall statistics were proposed by Dietz and Kileen (1981) and the test was extended in order to include seasonality (Hirsch and Slack, 1982), multiple monitoring sites (Lettenmaier, 1988) and covariates representing natural fluctuations (Libiseller and Grimvall, 2002). The present program has incorporated all of these features. A similar program, which includes estimates for the Sen’s slope, can be downloaded from the same website (www.mai.liu.se/~cllib/welcome/PMKtest.html). This feature is, however, not included in this manual. 
a) Univariate and multivariate Mann-Kendall tests 

The univariate MK statistic for a time series {Zk, k = 1,2,…, n} of data is defined as
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If no ties between the observations are present and no trend is present in the time series, the test statistic is asymptotically normal distributed with 
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If the response variable is measured of several (
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) seasons, the seasonal Mann-Kendall test (or Hirsch-Slack test) is computed by first separating the data into 
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 subseries, every series representing a season.
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is the Mann-Kendall statistics for season j, which is summed over all seasons to obtain 
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the seasonal statistics.

S is asymptotically normal distributed with mean value zero and variance
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with
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where 
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 is the number of non-missing observations for season j, m is the number of tied groups and 
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 is the size of the ith tied group.

The covariance between two Mann-Kendall statistics is defined as 
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where 
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 is the number of non-missing observations for season j and g, respectively, and
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 is the matrix corresponding to the observations in the data set, where the non-missing observations for each season are ranked among themselves. The rank of the mth element within the ith season is represented by
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where 
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To handle multiple monitoring sites (or plots) the Covariance-Sum test (Lettenmaier, 1988) is used. This method is identical to the computation of the seasonal Kendall test. The test statistics is defined as
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which is the sum over all (seasonal) Mann-Kendall tests (
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denotes the Variance-Covariance matrix for the (seasonal) Mann-Kendall statistics,
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indicates a vector with all elements equal to one.

b) Partial Mann-Kendall tests

When weather conditions influence the time series of interest, the best choice is the partial Mann-Kendall test. Here one or several covariates (time series representing meteorological or hydrological influences) can be included in the study and the test statistics is computed conditional on the Mann-Kendall statistics of the covariate(s). 

Like in the previously described approaches, data for each variable (at least one response and one explanatory variable) are split up on seasons, if the test should account for seasonality. For each sequence the Mann-Kendall statistic is computed and is represented by the vector 
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. The matrix 
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 is the matrix of variances and covariances between variables. The test statistics can be summed over seasons, sites or plots either for only the response variable or for both the response and the explanatory variables. The test statistics 
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 representing the group of response and explanatory variable(s) respectively, are asymptotically multivariate normally distributed with mean vector
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Hence, the conditional distribution of 
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Under the null hypothesis of no trend in any of the variables 
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The partial Mann-Kendall test statistics is given as:


[image: image41.wmf](

)

(

)

b

b

a

b

b

a

a

s

S

Var

s

S

S

E

S

=

=

-

S

                                       (13)
and is normally distributed with mean 0 and standard deviation 1.
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4. Manual to the MULTMK/PARTMK program
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A short introduction to the program on the first worksheet (‘Info’, Figure 1). 

Figure 1: The "Info" worksheet of the Program

In this manual all steps and the analysis will be described in more detail. 
a) Inserting data in the ‘Raw data’ worksheet

All data to be analyses is placed on the ‘Raw data’ worksheet. For a seasonal Mann-Kendall test a column for years and one for months should be given. For annual data the column indicating months is simply omitted. If data is measured under different month, but no seasonal variation is present (or the data set is too short to take seasonal variation into account) the time variable can be constructed as a simple time index (e.g. 1, 2, 3, …) and placed on the 'Raw data' sheet instead of the years-column. 
Columns indication sites or plots can be added if they are needed. The data to be analysed is added in columns (if a partial test is to be computed the explanatory variable(s) should be place first and the response variable last).

Finally the data is marked (it is possible to mark only part of the data, but headers must always be included). 
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[image: image42]
Figure 2: The 'Raw Data' Sheet. Month and year are given first; discharge (the explanatory variable) in column 3 and the response in column 4. All columns are selected over the whole time period of interest.
b) Defining the model on the 'Model Selection' worksheet 

On the 'Model Selection' Sheet it is defined which test to compute. First you choose between a multivariate or a partial (conditional) test by writing 'y' or 'yes' in the appropriate blue cell (keep the other one empty). Then the positions of the variables with respect to the marked area on the 'Raw data' sheet should be inserted. 
Summation: Which summation to chose depends very much on the kind of data present and the goals of the analysis. For example: if a seasonal Mann-Kendall test (Formula 3) should be computed, write 'yes' in the yellow cell on the right hand to 'Seasons'. In case of the partial test choose 'yes' for both the explanatory and the response variable. There is also the possibility to choose summation only for the response but not for the explanatory variable (which might be helpful if relationships change throughout the year). For sites and plots summation can be chosen, if the analysis is made for a total area (where trends are expected to have the same direction), otherwise the analysis is made separately  
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Choose multivariate or partial Mann-Kendall test by writing 'yes' or 'y' in the blue box.

For the chosen analysis fill in the column information in the yellow cells (e.g. year in column 2 of the marked area)
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Figure 3: The 'Model Selection' Worksheet

Define which groups to sum over, respectively which groups to sum over before conditioning (partial test)

c) The program run

To run the program click ‘Tools’, ‘Macro’ and ‘Macros’ and then choose ‘multpartmk’ and ‘run’.
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d) The Results: 

The 'Input Summary' Worksheet


First a summary of the data is given. On this page you can check if the data selection was correct. E.g. in the example no sites and plots were given, this can be seen in Figure 4. There were 12 seasons (one for each month). Observations were available (and selected) for the time period between 1970 and 1994. There were two variables (discharge and KMnO4). 
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Figure 4: The 'Input Summary' Sheet

The 'Test Statistics' Worksheet 


On the 'Test Statistics' sheet Mann-Kendall tests for each group (each variable times all seasons, sites and plots) is given. This information can be split up on several worksheets if the number of groups is too large to fit on a single worksheet (the sheets are then called: Test statistics 2, Test statistics 3,…; they are removed next time the program is run). The variable name, the site and plot (if available) and all seasons are listed. For each of the groups the number of non-missing observations, the test statistics and their standard deviations are listed. The column named ‘MK-Stat’ is the standardized test statistics (which is standard normally distributed) and the p-value is the p-value  from the two-sided test. This means it is twice the probability to receive a MK-Stat as high or higher than the computed MK-statistic (if the MK-Stat is positive) or as low or lower (if the MK-Stat is negative). [image: image44.png]=181 x|
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.Figure 5: The 'Test Statistics' Worksheet. Almost all MK-Stat values are positive, making the summation over seasons meaningful for both discharge and KMnO4.
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The 'Covariance' and the 'Correlation' Worksheet


On the 'Covariance' sheet the variances and covariances of the Mann-Kendall statistics after the (chosen) summation are shown. On the 'Correlation' sheet the correlations are given and the cells are colored with respect to the value of the correlation (yellow for positive, blue for negative, for correlations lower than -0.9 or higher than 0.9 a stronger color is printed) See Figures 6-8. These correlations are correlations between Mann-Kendall statistics; that means, they indicate how similar the trends in the different variables are.
Figure 6: The 'Covariance' Worksheet

Figure 7: The 'Correlation' Worksheet. A rather strong correlation between the Mann-Kendall statistics can be seen.

Figure 8: The 'Correlation' Worksheet when no summation over seasons for the explanatory variable was chosen. High positive correlations are marked yellow.

The 'Combined Test' Worksheet 
(different for partial and multivariate test)

For both multivariate and partial tests:


The 'Combined Tests' Sheet lists on the upper half the summed test statistics (as chosen on the 'Model Selection' sheet). In the example case (Figure 9 and Figure 10) the seasonal Mann-Kendall statistics for discharge and KmnO4 are seen to be 630 and 821, respectively. Note that the results on the ‘Test statistics’ worksheet were significant (e.g. 5% significance level, two-sided test) in very few cases (months), however, after summation both discharge and KMnO4 exhibit a significant upward trend.
For the partial test only:

On the lower half the conditional (partial) test is given (Figure 9): The test statistics for the response variable (before conditioning; 821); the expected value of the response given the observed value of the Mann-Kendall statistics of the explanatory variable(s) (613.18) and the conditional standard deviation (293.4); the conditional Mann-Kendall statistics (0.708) and its p-value (0.239). Note that after correction for influences of the covariate discharge the trend in the response variable KMnO4 is no longer significant.
In Figure 10 the analysis is made without summation over seasons before conditioning. Results are first presented for each month separately and finally combined into one test statistics (with the covariance sum method). Note that in this example the result of the partial test does not depend on if summation is chosen or not.

The 'Combined Tests' Worksheet gives the summed (e.g. seasonal) tests. The output on the upper part of the page is the same for both multivariate and partial Mann-Kendall tests. Again the standardized MK statistics and the corresponding p-values are given.
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In addition to this the partial Mann-Kendall test gives the results on the lower part of the worksheet. The conditional MK Stat gives the Mann-Kendall statistics when the influence of the covariate is removed. 
Figure 9: The 'Combined Tests' sheet: The partial test (KMnO4 conditioned on discharge) is given.

If no summation is chosen the result on the upper part of the ‘Combined tests’ worksheet is identical to the one given on the ‘Test statistics’ sheet.
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For each month the partial Mann-Kendall statistics is given. In the partial covariance sum test the individual results are combined (taking correlations between MK-statistics for different month into account)
Figure 10: The 'Combined Tests' sheet: if no summation is chosen for the response and the explanatory variables.
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