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An instruction for calculating SCI using 
MS Excel 

 

The spatial crosscorrelation index (SCI) can be calculated with MS Excel. The basic steps are 

similar to those that are employed to compute Moran’s index (Chen, 2013). Taking 29 Chinese 

regions, including provinces, autonomous regions, and municipalities directly under the central 

government, as an example, I will show how to evaluate the SCI using what is called three-step 

method.  

1 Preparation of data 

First of all, two datasets must be prepared as below: one is the vectors of per capita gross 

regional product (GRP) and level of urbanization (Figure S1), and the other is the railway distance 

matrix of Chinese capital cities (Figure S2). 

 
  Figure S1 The statistical data of GRP and urbanization level of 29 Chinese regions in 2012 



2 
 

 

 

Figure S2 The railroad distance matrix of 29 Chinese cities by railway network (partial results) 

2 Process of calculations based on power function 

2.1 Step 1: standardizing size measures 

The procedure of variable standardization comprises three steps. First, compute the mean value 

of the GRP and the level of urbanization using the MS Excel function “average”. In cell B31, 

input a formula in the form “=AVERAGE(B2:B30)”, press the Enter key, and it will yield the 

GRP mean about 44471.586; In cell C31, input a formula “=AVERAGE(C2:C30)” and press 

Enter, and it will give the mean of urbanization level about 54.550. Second, compute the 

population standard deviation (PSD) using the Excel function “stdevp”. In cell B32, input a 

formula “=STDEVP(B2:B30)”, press Enter, yield a PSD value about 19578.182; In cell C32, 

input a formula “=STDEVP(C2:C30)”, press Enter, generate a PSD value around 13.226. Third, 

standardize the population size. Select a region in the worksheet including cells D2-D30, input a 

formula “=STANDARDIZE(B2:B30,B31,B32)”, press Ctrl and Shift and Enter at the same time, 
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thus yield the standardized array indicative of the GRP vector (x); Select another region including 

cells E2-E30, input a formula “=STANDARDIZE(C2:C30,C31,C32)”, press Ctrl and Shift and 

then Enter, it generates the standardized array indicating the vector of urbanization level (y). The 

results are displayed in Figure S3 (see File S2 for details).  

 

 

Figure S3 The standardized variables of GRP and urbanization levels of 29 Chinese regions 

 

2.2 Step 2: generating unitary spatial weights matrix 

The process of generating a spatial weights matrix also consists of three steps. First, convert the 

spatial distance matrix into a spatial contiguity matrix. Select an impedance function based on the 

inverse power law such as 
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where rij denotes the distance between city i and city j, and vij represents the spatial contiguity 

measurement. In cell H33, input a formula such as “=IF(F2=0,0,1/H2)”, press Enter, it will yield 

a number 0. Seizing the lower right corner of cell H33 with the mouse, and dragging it right and 

down, we can generate all the spatial contiguity values, which are partially shown in Figure S4. 

Second, summate the spatial contiguity values using the following formula: 
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where T denotes an amount obtained by double summation. In cell AJ62, input a formula 

“=SUM(H33:AJ61)”, strike Enter key, yield a sum about 0.6296. Third, transform the spatial 

contiguity matrix into a unitized spatial weights matrix (W). In cell H64, input a formula 

“=H33/$AJ$62”, press Enter, and it will yield the first value of spatial weights. Catching the 

bottom right corner of cell H64, pulling it right and down, we can produce all the values of the 

unitary spatial weights matrix, which are displayed in Figure S5 (see File S2 for details).  

 

 
Figure S4 The spatial contiguity matrix of 29 Chinese capital cities based on power function (partial 

results) 
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Figure S5 The unitized spatial weights matrix of 29 Chinese capital cities based on power function 

(partial results) 

 

2.3 Step 3: computing SCI 

By means of the formula Rc=xTWy or Rc=yTWx, we can calculate the SCI value (Rc) using Excel 

functions “mmult” and “transpose” easily. According to the number and result arrangement in the 

same worksheet, in any cell, say, B36, we can input a formula as follows: 

“=MMULT(MMULT(TRANSPOSE(E2:E30),H64:AJ92),D2:D30)” 

Or 

“=MMULT(MMULT(TRANSPOSE(D2:D30),H64:AJ92),E2:E30)” 

Pressing three keys Ctrl, Shift and Enter at the same time yields the SCI value immediately. The 

result is about 0.156644, which is based on PSD (see File S2 for details). 

If we turn the PSD function, stdevp, into the sample standard deviation (SSD) function, stdev, 

we will have a SCI value based on SSD. In other words, inputting a formula such as 

“=STDEV(B2:B30)” in cell B32 to replace the formula “=STDEVP(B2:B30)” yields a SSD value 

about 19924.7257, inputting a formula “=STDEV(C2:C30)” in cell C32 to replace the formula 
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“=STDEVP(C2:C30)” yields a SSD value about 13.4596. Accordingly, the PSD-based SCI will 

change to the SSD-based SCI, and the result is approximately 0.151243. 

 

 

Figure S6 The spatial contiguity matrix of 29 Chinese capital cities based on negative exponential 

function (partial results) 

3 Process of calculations based on exponential function 

We have more than one way to generate a spatial contiguity matrix (Chen, 2012). In step 2 of 

Section 2, the power function can be substituted with an exponential function to define a 

distance-decay function. The standard form of a negative exponential function is as below: 
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where r  denotes the average distance, or the mean value of the elements in the distance matrix. 

In cell H33, input a formula “=IF(H2=0,0,EXP(-2*H2/(SUM($H$2:$AJ$30)/(29*30))))”, strike 

Enter key, it will yield a number 0. Seizing the bottom right corner of cell H33 and dragging it 
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right and down produce all the spatial contiguity values based on the negative exponential 

function, which are shown in Figure S6. Then, summate the spatial contiguity values using 

equation (3). In cell AJ62, input a formula “=SUM(H33:AJ61)”, press Enter, yield a sum about 

154.0418. Finally, transform the spatial contiguity matrix into a normalized spatial weights matrix, 

which are shown in Figure S7. The other and rest steps are the same as those illustrated in Section 

2 (see File S2 for details).  

 

 

Figure S7 The unitized spatial weights matrix of 29 Chinese capital cities based on negative 

exponential function (partial results) 
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