
Supplemental Table S3: Estimators of land use and cover with stratified random sampling for hexagons 
and centroids (categorical 0/1).  

Hexagons 

Concept Formula Comments 

Average proportion in the 
stratum 

�̅�𝑔ℎ =
1

𝑛𝑔ℎ
∑ 𝑦𝑖

𝑖∈𝑔ℎ
 

𝑛𝑔ℎ  is the sample size in 

stratum 𝑔ℎ 

Estimated proportion from 
stratified sample 

�̅�𝑠𝑡𝑟 = ∑
𝑁𝑔ℎ

𝑁𝑔ℎ
�̅�𝑔ℎ 

𝑁𝑔ℎ is the population size in 

stratum 𝑔ℎ 

Estimated area in the stratum  �̂�𝑔ℎ = 𝐷𝑔ℎ�̅�𝑔ℎ 𝐷𝑔ℎ  is the area of stratum 

𝑔ℎ 
Overall estimated area �̂� = ∑ �̂�𝑔ℎ

𝑔ℎ
= 𝐷 �̅�𝑠𝑡𝑟   

Overall estimated area 
(equivalent formula) 

�̂� = ∑ 𝑤𝑖 𝑦𝑖  Weight  𝑤𝑖 =
𝐷𝑔ℎ

𝑛𝑔ℎ
 ,  

 𝑖 ∈   𝑠𝑡𝑟𝑎𝑡𝑢𝑚 𝑔ℎ  
Estimated variance of the 
proportion in stratum ℎ 

𝑉(�̅�𝑔ℎ) =
1

𝑛𝑔ℎ(𝑛𝑔ℎ − 1)
∑ (𝑦𝑖 − �̅�)2

𝑛𝑔ℎ

𝑖=1
 

 

Variance in stratum 𝑔ℎ 𝑉(�̂�𝑔ℎ) = 𝐷𝑔ℎ
2  𝑉𝑎𝑟(�̅�𝑔ℎ)  

Variance of the overall estimated 
area 

𝑉(�̂�) = ∑ 𝑉𝑎𝑟(�̂�𝑔ℎ)
𝑔ℎ

  

Centroids 

Concept Formula Comments 

Proportion of class 𝑐  in the 
stratum 

𝑧�̅�ℎ = 𝑝𝑔ℎ =
𝑛𝑐𝑔ℎ

𝑛𝑔ℎ
 𝑛𝑐𝑔ℎ is the number units of 

class 𝑐 in stratum 𝑔ℎ 

Estimated proportion from 
stratified sample 

𝑧�̅�𝑡𝑟 = ∑
𝑁𝑔ℎ

𝑁𝑔ℎ
𝑝𝑔ℎ 

 

Estimated area in the stratum  �̂�𝑔ℎ = 𝐷𝑔ℎ 𝑝𝑔ℎ  

Overall estimated area �̂� = ∑ �̂�𝑔ℎ
𝑔ℎ

= 𝐷 𝑧�̅�𝑡𝑟  

Estimated variance of the 
proportion in stratum ℎ 

𝑉(𝑝𝑔ℎ) =
𝑝𝑔ℎ (1 − 𝑝𝑔ℎ)

𝑛𝑔ℎ − 1
 

 

Variance in stratum 𝑔ℎ 𝑉(�̂�𝑔ℎ) = 𝐷𝑔ℎ
2  𝑉𝑎𝑟(𝑝𝑔ℎ)  

Variance of the overall estimated 
area 

𝑉(�̂�) = ∑ 𝑉𝑎𝑟(�̂�𝑔ℎ)
𝑔ℎ

  

 


