Description of CHLfuzzy spreadsheet

The CHLfuzzy spreadsheet is organized in three interrelated worksheets: Data Input, Fuzzification and Results. 
In the worksheet Initial data of CHLfuzzy model, the user imports the observed dataset in the form of a matrix (columns: variables, rows: samples). The first four columns in this matrix contain the raw data for each environmental variable (water temperature, dissolved oxygen, nitrate and solar radiation), while the last column contains the corresponding ln-transformed chlorophyll-a concentrations.   

In the Fuzzification worksheet, input data are rescaled into the [0, 1] interval. The user selects the applied fuzzy membership function (FMF) for each input variable, between the triangular FMF model (selection 1 in the ‘Fuzzification Method’ cell) and the sigmoid FMF model (selection 2 in the ‘Fuzzification Method’ cell). In this latter case, the user should also establish values for the parameters λ (sharpness factor) and ν (inflection factor) of the sigmoid FMF. When this process is completed, the Fuzzification worksheet calculates the fuzzy membership values for the ‘High’ and ‘Low’ fuzzy sets, defined as FMF(x,H) and FMF(x,L), respectively. The results produced by the application of the 16 fuzzy rules are computed, considering the bi,j coefficients stored in the Results worksheet. For each ‘if-then’ rule, the weighting factors wi,t are obtained as the minimum value corresponding to that fuzzy set. The application of the minimization procedures allows the calculation of the
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 values, for each ‘if-then’ rule i and data value t. Finally, the products wi,t ×
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 are computed and the final model output is produced. 

In the Result worksheet the values of coefficients bi,j (i = 1,…,16; j = 0,…, 4) are derived. The model validation criteria, defined as a) the sum of the squares of errors (SSE), b) the root mean squared error (RMSE), c) the normalized objective function (NOF) and d) the determination coefficient (R2) between the modeled and observed chlorophyll-a values are computed at this worksheet. SSE is minimized using the Solver Add-In Tool of MS-Excel(. This tool can perform linear and non-linear optimisation. The Solver produces the best possible optimisation, given a set of cells with variable values (bi,j – cells) and a cell that must be optimised for the equal to zero solution (SSE – cell). A series of iterations take place in which the bi,j – cells are changed in order to achieve the SSE minimization. Best results are produced using quadratic complex formulas and central differencing for partial derivative estimation, since relations are highly non-linear. These settings may be controlled by the user through the Solver Options dialog box.
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