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1 – Statistical Analyses 
As explained in Sections 2.4 of the main article, to assess the relationship between Land Use and Cover Change (LUCC) and energy infrastructure development, the time series for each land use and land cover category in every municipality was statistically evaluated by different methodologies.
Spearman Correlation Coefficient (SCC) is a statistical test used to quantify the degree correlation between two datasets, it can assess either linear or non-linear correlations. Its yields values ranging from −1 to 1, where -1 indicates a perfect negative correlation and +1 indicates a perfect positive correlation. A value of between -0.7 and +0.7 is generally considered too weak to be a significant result. Positive coefficients indicate a direct relationship between the two-time series, whereby increases in one variable correspond to increases in the other. Conversely, negative coefficients reflect an inverse relationship (Spearman 1904).
T-Student test was used to assess whether the difference between the response of the two groups was statistically significant or not. The test is the ratio between the difference of the mean value of the two time-series and its standard deviation. After applying the T-test it was possible to identify the respective probability value (p-value), which is a key output of the test. It represents the probability of observing the data if the null hypothesis is true (Altman and Krzywinsky 2017, Student 1908).
The Mann-Kendal test is a non-parametric statistical method used to identify monotonic trends (either increasing or decreasing) in time series data. It works by comparing each data point with all subsequent observations and counting the number of times a later value is greater or less than an earlier one. This cumulative comparison provides the basis for determining whether the observed trend is statistically significant without making assumptions about the distribution of the data (Mann 1945, Kendall 1975).
The Granger causality test is a statistical hypothesis test used to assess whether one-time series can be used to predict another. Specifically, it evaluates whether past values of time series X provide statistically significant information that improves the prediction of time series Y beyond that achievable using only the past values of Y; if so, X is said to 'Granger-cause' Y (Granger 1969).
In the Granger causality approach, a 'lag' refers to the number of previous time steps of a variable that are included as explanatory terms in a predictive model. The test assesses whether incorporating the lagged values of one-time series (e.g. X) into a model that relies solely on the lagged values of another time series (e.g. Y) significantly improves the forecast accuracy of the latter. The choice of lag length is critical, as it affects the sensitivity of the test and the validity of its conclusions regarding temporal precedence and predictive influence. Considering that in average a large-scale centralized wind or a solar PV power plant construction takes about 3 to 4 years long. In this study the Granger test was calculated with lag=3 and lag=4, which means that the causality between LULC transformation and renewable power plants implementation will be tested for a 3 or 4 years’ delay. The Granger test for each lag is independent, and the causality can be confirmed individually for any of the lags. 



2- Results
As explained in Sections 3.4 of the main article, Table 1 present the results for the statistical tests between municipal LUCC and the implementation of renewable energy power plants considering the municipal economic status measured by the gross domestic product per capita (GDP/capita).
Table 1 – Statistical analysis between LUCC time-series and the renewable power plants implementation timeline considering municipalities income. [image: ]

As explained in Sections 3.5 of the main article, Table 2 present the results for the statistical tests between municipal LUCC and the implementation of renewable energy power plants considering the renewable energy source (wind vs. solar).
Table 2 - Statistical analysis between LUCC time-series and the renewable power plants implementation timeline by energy source. 
[image: ]
As explained in Sections 3.6 of the main article, Table 3 present the results for the statistical tests between municipal LUCC and the implementation of renewable energy power plants considering Brazil´s federative states.
Table 3 – Statistical analysis between LUCC time-series and the renewable power plants implementation timeline by state. [image: ]
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(GDP / per capta)

Statistical Analisis

Forest 

Formation

Savanna 

Formation

Mangroove

Natural 

Formation 

non Forest

Agriculture Pasture

Forest 

Plantation

Others

Water 

Body

Urban 

Area

Spearman Coeficent -0.95 -0.60 -0.33 0.14 0.79 0.58 0.87 0.32 -0.60 0.97

T-Test (p < 0.05) Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Mann-Kendal Test (p < 0.05) Yes Yes No No Yes Yes Yes No Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No Yes No No No No Yes

Spearman Coeficent 0.26 -0.96 0.58 0.60 0.97 0.14 0.97 0.17 -0.65 0.97

T-Test (p < 0.05) No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Mann-Kendal Test (p < 0.05) No Yes Yes Yes Yes No Yes No Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No Yes No Yes

Granger Test (p < 0.05) (lag 4) No No No No No No No Yes No Yes

Spearman Coeficent 0.13 -0.88 0.68 -0.63 0.91 -0.94 0.94 0.44 -0.58 0.94

T-Test (p < 0.05) No Yes Yes Yes Yes Yes Yes No Yes Yes

Mann-Kendal Test (p < 0.05) No Yes Yes No Yes Yes Yes No Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No Yes

Granger Test (p < 0.05) (lag 4) No No No Yes Yes No No No No No

low

(n = 32)

medium

(n = 64)

high

(n = 33)
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Source Statistical Analisis

Forest 

Formation

Savanna 

Formation

Mangroove

Natural 

Formation 

non Forest

Agriculture Pasture

Forest 

Plantation

Others

Water 

Body

Urban 

Area

Spearman Coeficent -0.83 -0.88 0.52 0.43 0.79 0.15 0.99 0.05 -0.51 0.99

T-Test (p < 0.05) No Yes Yes Yes Yes Yes Yes No No Yes

Mann-Kendal Test (p < 0.05) Yes Yes Yes Yes Yes No Yes No Yes Yes

Granger Test (p < 0.05) (lag 3) No No No Yes Yes No No No No Yes

Granger Test (p < 0.05) (lag 4) No No No Yes No No No No No No

Spearman Coeficent -0.07 -0.85 0.83 -0.78 0.85 -0.81 0.83 0.83 -0.64 0.85

T-Test (p < 0.05) Yes Yes Yes Yes Yes Yes Yes No No Yes

Mann-Kendal Test (p < 0.05) No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No No No No No No Yes

Spearman Coeficent -0.88 -0.79 -0.50 -0.79 0.86 -0.46 0.00 -0.23 -0.27 0.88

T-Test (p-value < 0.05) Yes Yes Yes Yes No No Yes Yes Yes Yes

Mann Kendal (p < 0.05) Yes Yes No Yes Yes Yes No No No Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No No No No No No No

wind

(n = 92)

solar

(n = 31)

wind and solar

(n = 6)
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Federation State Statistical Analisis

Forest 

Formation

Savanna 

Formation

Mangroove

Natural 
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non Forest

Agriculture Pasture

Forest 

Plantation

Others

Water 

Body

Urban 

Area

Spearman Coeficent -0.50 -0.88 0.00 0.30 0.90 0.66 0.79 0.60 -0.61 0.93

T-Test (p < 0.05) No Yes Yes Yes Yes Yes Yes No No Yes

Mann-Kendal Test (p < 0.05) No Yes No No Yes Yes Yes No Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No No No Yes Yes No No

Spearman Coeficent -0.70 -0.97 -0.29 0.08 0.90 0.82 0.00 -0.25 -0.42 0.97

T-Test (p < 0.05) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Mann-Kendal Test (p < 0.05) Yes Yes No No Yes Yes No No No Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No Yes No Yes

Granger Test (p < 0.05) (lag 4) No No No No No No No Yes No No

Spearman Coeficent -0.19 -0.06 -0.45 0.73 -0.09 0.77 0.79 0.71 -0.72 0.77

T-Test (p < 0.05) Yes Yes No Yes Yes Yes Yes Yes No Yes

Mann-Kendal Test (p < 0.05) Yes No Yes Yes No No Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No No No No No No No

Spearman Coeficent 0.14 -0.81 0.00 -0.34 0.81 -0.81 0.81 0.80 0.66 0.81

T-Test (p < 0.05) Yes Yes No Yes Yes Yes No No No No

Mann-Kendal Test (p < 0.05) No Yes No Yes Yes Yes Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No Yes No No No No No

Granger Test (p < 0.05) (lag 4) No No No No No No No No No No

Spearman Coeficent 0.00 0.32 0.00 0.24 -0.16 0.16 0.00 -0.36 -0.42 0.72

T-Test (p < 0.05) No Yes No No Yes Yes No No No No

Mann-Kendal Test (p < 0.05) No No No No Yes Yes No Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No No No No No No No

Spearman Coeficent -0.73 -0.83 0.00 -0.78 0.83 -0.27 0.00 0.17 -0.50 0.85

T-Test (p < 0.05) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Mann-Kendal Test (p < 0.05) Yes Yes No Yes Yes No No No Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No No

Granger Test (p < 0.05) (lag 4) No No No No Yes No No No No Yes

Spearman Coeficent 0.32 -0.75 0.00 0.40 0.59 -0.10 0.84 0.83 0.62 0.85

T-Test (p < 0.05) Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Mann-Kendal Test (p < 0.05) No Yes No Yes No No Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No Yes

Granger Test (p < 0.05) (lag 4) No No No No No No No No No Yes

Spearman Coeficent 0.28 0.37 -0.29 -0.24 0.84 -0.62 0.00 -0.20 -0.44 0.96

T-Test (p < 0.05) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Mann-Kendal Test (p < 0.05) No No No No Yes Yes No Yes No Yes

Granger Test (p < 0.05) (lag 3) No No No No No No No No No Yes

Granger Test (p < 0.05) (lag 4) No No No No No No No No No Yes

Spearman Coeficent 0.94 0.00 0.67 -0.13 0.12 -0.44 0.97 -0.79 -0.78 0.98

T-Test (p < 0.05) No Yes Yes Yes Yes Yes Yes No Yes Yes

Mann-Kendal Test (p < 0.05) Yes No Yes No No Yes Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No Yes No No No Yes No No No

Granger Test (p < 0.05) (lag 4) No No Yes No No No Yes No No No

Spearman Coeficent -0.87 0.00 0.00 0.04 0.68 -0.87 0.87 0.87 0.70 0.87

T-Test (p < 0.05) Yes Yes Yes Yes Yes Yes No Yes Yes Yes

Mann-Kendal Test (p < 0.05) Yes No No No Yes Yes Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No No No No Yes No Yes No Yes No

Granger Test (p < 0.05) (lag 4) No Yes Yes No Yes Yes Yes No Yes No

Spearman Coeficent 0.72 -0.16 0.00 0.69 0.69 -0.71 0.69 0.72 -0.72 0.72

T-Test (p < 0.05) Yes Yes Yes No Yes Yes Yes Yes No Yes

Mann-Kendal Test (p < 0.05) Yes Yes No Yes Yes Yes Yes Yes Yes Yes

Granger Test (p < 0.05) (lag 3) No Yes No No No No Yes No No No

Granger Test (p < 0.05) (lag 4) Yes Yes No No No No Yes No No No
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