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SUPPLEMENTARY MATERIALS

Detailed Calculations for Entropy Weight Method and TOPSIS Relative Closeness (Ci)

This material supplements the calculation logic in Section 2.3.9, providing specific formulas, symbol
definitions, and parameter settings for reproducibility—Including detailed steps for entropy weight derivation
and TOPSIS relative closeness (C;) calculation.

1 Detailed calculation for indicator weights via entropy weight
method

Step 1: Standardization of original indicator data
Raw data of 13 indicators were standardized to eliminate interference from inconsistent dimensions and
attribute orientations (positive/negative indicators):

For positive indicators (higher value indicates better performance, e.g., IWUE, economic benefits), the
standardization formula is:

Xij — min(xj)

Yij = . (1)
Y max(xj) - mm(xj)
For negative indicators (lower value indicates better performance, e.g., apparent nitrogen surplus, total
production cost), the standardization formula is:
max(xj) _xij

Yij = max(xj) — min(xj) @)

Symbols:

xij: Original value of the j-th indicator for the i-th evaluation sample (i=1, 2, 3, 4, corresponding to 4 cropping
systems; j=1, 2, ..., 13, corresponding to 13 indicators in Table 2);

yij: Standardized value of x; (range: 0 tol);

max(x;): Maximum value of the j-th indicator across all samples.

min(x;): Minimum values of the j-th indicator across all samples.

Step 2: Calculation of indicator proportion (fj)
The proportion of the standardized value of the j-th indicator in the i-th sample was calculated to reflect

sample importance within the indicator:
Vij+e
fi=morr—— @
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Symbols:
n = 4: Number of evaluation samples (cropping systems);
¢ = 1075 Small constant added to avoid calculation errors. This ensures that Infj; is defined when y;; = 0;

mathematically, when f;;—0, f;Inf;—0).

Step 3: Calculation of indicator entropy (ej)
Entropy quantifies the degree of information disorder of an indicator. Lower entropy indicates stronger



discrimination among samples:

i=1

Symbols:

k = 1/In *n*: Normalization coefficient, which ensures that 0 < gj <1);

e; = 1: The indicator provides no effective information (all samples have identical values); e — 0: The
indicator has strong discrimination among samples.

Step 4: Calculation of indicator entropy weight (w;)
Entropy weight reflects the j-th indicator’s relative contribution to comprehensive evaluation:

W; = ———————

J
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Constraints:
Oswj=<land X7, w; = 1, which meets basic requirements of comprehensive evaluation;
Symbol:
m = 13: Number of evaluation indicators (Table 2).

2 Detailed calculation for TOPSIS relative closeness (Ci)

The following steps supplement the TOPSIS model application in Section 2.3.9 (3), focusing on formulas for
weighted standardization, reference solutions, and relative closeness (Ci).

Step 1: Weighted standardization of indicator data

Based on entropy weights (w;, derived from Section 1 above), the standardized indicator values (y;) were
weighted to form a weighted standardized matrix Z, where each element Z;; reflects the weighted contribution
of the j-th indicator to the i-th sample:

Zij=wiXxy; (i=12,..,mj=12,..,m) (6)
Symbols:
Zi;: Weighted standardized value of the j-th indicator for the i-th sample;
wj: Entropy weight of the j-th indicator (from Formula 5);
yij: Standardized value of the j-th indicator for the i-th sample (from Formulas 1 or 2);
n =4, m=13: Same as defined above.

Step 2: Definition of ideal solution (Z*) and negative-ideal solution (Z°)
The ideal solution (Z*) represents the hypothetical best performance across all indicators, taking the
maximum value of each weighted standardized indicator:

7t ={ZF,73, .., 75} = {max(zlj,zzj, e Zn) 1 =12, m} (7)

The negative-ideal solution (Z°) represents the hypothetical worst performance across all indicators, taking
the minimum value of each weighted standardized indicator:

77 = 21,25, Zi} = {min(Zy}, Zyjy o, Z) | = 1,2,...,m}  (8)



Symbol:
Z;* (or Zj): Ideal (or negative-ideal) value of the j-th weighted indicator.

Step 3: Calculation of euclidean distances.

Euclidean distances between each sample (management practice) and the two reference solutions were
computed to measure performance proximity:

The distance from the i-th sample to the ideal solution (D;*) is calculated as:

m
2,
Di+ — Z 1(Zij — Zj+) (i=12..,n) 9
]:

The distance from the i-th sample to the negative-ideal solution (D;") is calculated as:

Dy = zjzl(zij—zj—)z(i=1,2,...,n) (10)

Step 4: Calculation of relative closeness (Ci)
The relative closeness coefficient Ci quantifies the proximity of the i-th sample to the ideal solution relative
to the negative-ideal solution:
D;- :
(i=12..,n) (11)

C; =
" Df +Df

Interpretation:
Ciranges from 0 to 1;
Ci — 1: The sample is very close to the ideal solution, indicating excellent comprehensive performance;

Ci — 0: The sample is very close to the negative-ideal solution, indicating poor comprehensive performance.



