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S1: Mathematical Details

Kriging Method

Let S = {si, i = 1, . . . ,n} with si = (ui,vi) denoting the design sites with observed potential and

topography. Give the topography information (including derivative information) on s0 = (u0,v0) /∈

S, the corresponding potential value can be predicted by

ẑ(s0) =
n

∑
i=1

ci(s0)z(si), (1)
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where the ci(s0)s are calculated by minimizing

E
[ n

∑
i=1

ci(s0)z(si)− z(s0)
]2 s.t. E

[ n

∑
i=1

ci(s0)z(si)
]
= E[z(s0)]. (2)

By solving (3), we have

ẑ(s0) = µ̂ +g(s0)
>

β̂ + v>s0
V−1

D {ZD− µ̂−GDβ̂}, (3)

where

ZD = {z(s1), . . . ,z(sn)}> and GD =
(
g(s1)

>, . . . ,g(sn)
>)>,

vs0 =
{

cov{ε(s0),ε(s1)}, . . . ,cov{ε(s0),ε(sn)}
}>

,

(VD)i j = cov{ε(si),ε(s j)}, for i, j = 1, . . . ,n

and µ̂ and β̂ are generalized least squares estimates for µ and β . The covariance parameters θu,

θv and σ2 are estimated by maximizing the liklihood function.

Derivative Approximation

The derivative ∂x/∂u is estimated though the five points method1

∂x(ui,v j)

∂u
=
−x(ui+2,v j)+8x(ui+1,v j)−8x(ui+1,v j)+ x(ui−2,v j)

12(ui−ui−1)
.

Similarly, we can estimate ∂x/∂v. Since the derivative estimation of the edge can not be achieved,

we cut out points measured on u1, u2, u255 and u256 or v1, v2, v255, and v256. Then the model region

shrinks to 252×252 grids.
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Figure S1: Distribution of the data sites for Examples 1-4 in Table 1.
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