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I. General framework for sensitivity indices
If we consider a linear function Y(X): 
 						(A.1)
Then c is given by the regression coefficient (equation (A.8)): 
 							(A.2)
Use: . The variance of equation (A.1) is given by: 
 			(A.3)
The correlation ratio, in case of a linear function, is given by: 
  				(A.4)
Which is equal to the squared correlation coefficient in equation (A.10). Equation (A.4) shows that in case of a linear function, the correlation ratio, or the explained variance, is equal to the standardized regression coefficients (equation (A.9)) and the squared correlation coefficient (A.10), without the rank transformation.

II. Standardized regression coefficients
The part of the output variance that is explained by the linear regression model is given by: 
 					(A.5)
Equation (A.5) can be rewritten as: 
					(A.6)
Subsequently, we divide both sides of equation (A.6) by the variance . Equation (A.6) becomes:
						(A.7)
Where the unstandardized regression coefficient, found by least square fitting, equals:
 					(A.8)
The sensitivity index is found by standardizing the regression coefficient by the standard deviations of P and g, and taking its square:
 		(A.9)

III. Spearman rank correlation
The sensitivity index for the parameters are found by squaring the correlation coefficient in equation (6): 	
			(A.10)
When comparing equation (A.9) to equation (A.10), except for the rank transformation, the expressions are exactly the same. This means that the squared standardized regression coefficient  is equal to the squared Pearson correlation coefficient.

III. Key issue analysis
The variance of g of equation (8) equals: 
 			(A.11)
Use:  and , where c is a constants, to arrive at: 
				(A.12)
Dividing both sides by var (g), results in: 
					(A.13)
The derivatives are determined using matrix perturbation theory (Heijungs and Suh 2002): 

where s equals the scaling vector.


IV. Sobol’ method
In case of variance-based methods for sensitivity analysis, equation (1) is rewritten as the following ANOVA decomposition: 
 			(A.14)
Where the input parameters are represented by j=1 to k and l=1 to k and  equals the mean (or expectancy) of . The variance of equation (A.14) is given by ( drops out because it is a constant),: 
	(A.15)
Which in turn equals equation (10). The sensitivity indices are found by dividing both sides of equation (10) by :
				(A.16)
If only variance contribution up to the first order term (or main sensitivity index)  is considered, equation (A.16) reduces to: 
 					(A.17)
which is the conditional variance or the “expected reduction in variance that would be obtained if parameter could be fixed” (Saltelli et al. 2010) and thus where  refers to fixing all parameters except for parameter j. Note that equation (A.17) is of a similar form as equation (A.4), which was our general framework for the sensitivity indices. When we follow the best practise approach described by Saltelli et al. (2010) for the sampling algorithms available to calculate the conditional variance, equation (A.17) is given by equation (13). 
The total sensitivity index () calculates how much input parameter j explains of the output variance, including all possible interactions with other parameters:
				(A.18)
The total sensitivity index () equals the “expected variance that would be left if all [parameters] but [parameter j] could be fixed” (Saltelli et al. 2010). The total sensitivity index is given by: 
 					(A.19)
For example, in case of three input parameters the total sensitivity of equation (A.18) index becomes for parameter 1:
				(A.20)
And parameter 2:
				(A.21)
Explaining why the sum of the total sensitivity index for an LCA model containing  interaction terms will be: .

V. Random balance design
A RBD is an alternative to the Fourier Amplitude Sensitivity Test (FAST) (Tarantola et al. 2006). The idea behind RBD is that the output of our model given by the identity: , can be quantified by the so-called Fourier coefficients. The theory of Fourier series states that any periodic function can be written as a sum of wave functions (Weisstein, 2016a). For this method, we use the discrete Fourier transformation to convert an equally spaced periodic function of size N (Weisstein, 2016b). First, a periodic sampling design is applied to the distribution functions of the input parameters in equation (1). To that end, N equally spaced sample points are generated over [-π, π] for each parameter j: 
 						(A.22)
Subsequently, k random permutations are created and the sample points  are translated to a wave. The (stratified) sample matrix equals:
				(A.23)
Where  corresponds to the inverse distribution function of each parameter. The output  is calculated. To calculate the output variance, the model output is expanded using the discrete Fourier transform:
 					(A.24)
And the discrete Fourier coefficients are given by: 
 				(A.25)
The total variance is given by : 
				(A.26)
Parseval’s identity is used:
 		(A.27)
To calculate the conditional variance for each input parameter, the model output is reordered with respect to  in increasing order (which is the inverse permutation): . When you look at the reordered model output, we expect for dominant parameters that they highly resemble the wave-like shape of the input parameter, as was given in equation (A.23).  This also means that the most sensitive parameters have the highest amplitude. For the conditional variance, the summation goes up to M=4 (Tarantola et al. 2006), and because M is smaller than the Nyquist frequency (N/2), the conditional variance is multiplied by a factor two:
 				(A.28)
Where  equals the re-ordered model output for parameter j. The sensitivity index is equals:
						(A.29)
In contrast to FAST, it is not possible to derive the total sensitivity index using RBD, only with hybrid RBD-FAST methods (Saltelli et al. 2010). 

VI. Evaluation of the sensitivity indices
Table A.1 Performance of the sensitivity methods for case study 1 on a scale from poor (--), insufficient (-), neutral (0),sufficient (+) to good (++). SRC: squared standardized regression coefficient; SCC: squared Spearman correlation coefficient; KIA: key issue analysis; SME: Sobol’ main effect index; STE: Sobol’ total effect index; RBD: random balance design.
	Case study 1
	SRC
	SCC
	KIA
	SME
	STE
	RBD

	Ability to calculate total output variance (II):
	
	
	
	
	
	

	· Small input uncertainties (cv=5 %)
	++
	++
	++
	++
	++
	++

	· Large input uncertainties (cv=30 %)
	++
	++
	--
	++
	++
	++

	Ability to explain output variance (III) and calculate sensitivity indices (IV):
	
	
	
	
	
	

	· Small input uncertainties (cv=5 %)
	++
	+
	++
	+
	-
	-

	· Large input uncertainties (cv=30 %)
	--
	-
	++
	-
	++
	--

	Sum cv =5 %
	++++
	+++
	++++
	+++
	++
	+

	Sum cv = 30 %
	o
	+
	o
	+
	++++
	o



Table A.2 Performance of the sensitivity methods for case study 2 on a scale from poor (--), insufficient (-), neutral (0),sufficient (+) to good (++). SRC: squared standardized regression coefficient; SCC: squared Spearman correlation coefficient; KIA: key issue analysis; SME: Sobol’ main effect index; STE: Sobol’ total effect index; RBD: random balance design.
	Case study 2
	SRC
	SCC
	KIA
	SME
	STE
	RBD

	Ability to calculate total output variance (II):
	
	
	
	
	
	

	· Small input uncertainties (cv=5 %)
	++
	++
	++
	++
	++
	++

	· Large input uncertainties (cv=30 %)
	++
	++
	--
	+
	+
	++

	Ability to explain output variance (III) and calculate sensitivity indices (IV):
	
	
	
	
	
	

	· Small input uncertainties (cv=5 %)
	++
	+
	++
	+
	+
	-

	· Large input uncertainties (cv=30 %)
	--
	-
	++
	-
	+
	--

	Sum cv =5 %
	++++
	+++
	++++
	+++
	+++
	+

	Sum cv = 30 %
	o
	+
	o
	o
	++
	-



The evaluation of the output variance was as follows: (++): equalled on average 99 %-101 % of the output variance (compared the output variance calculated with a sample size of N=106, which was assumed to be the best estimate); (+) equalled ≥95 % (-): equalled ≥90 %; (--) equalled to <90 % of the best estimate of the output variance. The evaluation of the main sensitivity indices (all indices except STE) was as follows: (++): explained on average 99 %-101 % of the output variance (compared the output variance calculated for each method); (+) explained ≥95 % (-): explained ≥90 %; (--) explained <90 % of the output variance. The evaluation of the total sensitivity index (STE) is given by the difference with SME. If STE is equal to SME, there is no use for calculating of STE: the bigger the difference between the two indices, the more relevant in becomes to calculate: (++) STE minus SME equals ≥10 %; (+): STE – SME ≥5 %; (-) STE – SME < 5 %; (--) STE ≈ SME.
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