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semi-variogram 𝛾 ℎ

2𝛾 𝑠𝑖 , 𝑠𝑗 = Var Z 𝑠𝑖 − 𝑍(𝑠𝑗) = E Z 𝑠𝑖 − 𝑍(𝑠𝑗)
2

• The variogram is defined as the variance of the difference between field 

values at two locations 𝑠𝑖 , 𝑠𝑗 across realizations of the field. 

field has constant mean 𝜇 𝑠𝑖 = 𝜇(𝑠𝑗)

• 𝑠𝑖 - location (station)
• Z 𝑠𝑖 - value (temperature)

2𝛾 𝑠𝑖 , 𝑠𝑗 = 2𝛾 ℎ = Var Z 𝑥 + ℎ − 𝑍(𝑥) = E Z 𝑥 + ℎ − 𝑍(𝑥) 2 =
1
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• stationary &  isotropic  

ℎ = 𝑠𝑖 − 𝑠𝑗



semi-variogram & covariance function

semi-variogram - 𝛾 𝑠𝑖 , 𝑠𝑗 =
1

2
𝑉𝑎𝑟 𝑍 𝑠𝑖 − 𝑍(𝑠𝑗)

covariance function - 𝐶 𝑠𝑖 , 𝑠𝑗 = 𝐶𝑜𝑣 𝑍 𝑠𝑖 , 𝑍(𝑠𝑗)

⇒ 𝛾 𝑠𝑖 , 𝑠𝑗 = 𝜎𝑧
2 − 𝐶 𝑠𝑖 , 𝑠𝑗

•Var 𝑋 + 𝑌 = 𝑉𝑎𝑟 𝑋 + 𝑉𝑎𝑟 𝑌 + 2 𝐶𝑜𝑣 𝑋, 𝑌
•Var 𝑋 − 𝑌 = 𝑉𝑎𝑟 𝑋 + 𝑉𝑎𝑟 𝑌 − 2 𝐶𝑜𝑣 𝑋, 𝑌

https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/semivariogram-and-covariance-functions.htm

2𝛾 𝑠𝑖 , 𝑠𝑗 = 𝑉𝑎𝑟 𝑍 𝑠𝑖 − 𝑍(𝑠𝑗)

= 𝑉𝑎𝑟 𝑍 𝑠𝑖 + 𝑉𝑎𝑟 𝑍 𝑠𝑗 − 2 𝐶𝑜𝑣 𝑍 𝑠𝑖 , 𝑍(𝑠𝑗)

semi-variogram covariance

https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/semivariogram-and-covariance-functions.htm


empirical semi-variogram
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2
, 𝑠𝑖 − 𝑠𝑗 ∈ ℎ

2𝛾 𝑠𝑖 , 𝑠𝑗 =

Z 𝑠𝑖 − 𝑍(𝑠𝑗)
2

𝑠𝑖 − 𝑠𝑗
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variogram cloud
(each pair 𝑠𝑖 & 𝑠𝑗)

0.1



R-code • data: SP (points)
• value: column z

• 𝑠𝑖 − 𝑠𝑗

d=dist(SP@coords)

• Z 𝑠𝑖 − 𝑍(𝑠𝑗)
2

z=dist(SP$z)^2 • plot(z~d)



R-code library(gstat)
vgm = variogram(SP$z~1,SP,cutoff=0.9,width=0.1)

x=seq(0,cutoff,width) 
x=seq(0,0.9,0.1) 
v.d=v.z=c()
for(i in 1:(length(x)-1)){
judge = d>x[i] & d<x[i+1]
v.d[i]=mean(d[judge])
v.z[i]=mean(z[judge])/2

}

plot(vgm)

plot(v.d,v.z)



variogram model

random noise

radius of influence

𝛾 0 = 0

random variance
(w/o dependency)



variogram model

fit.variogram(vgm, model = vgm(500, "Exp",30000,5))

vgm(sill, model, range, nugget)


