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S1 Traffic Volume

The average hourly traffic Tx per buffer is calculated as:

Tx =

∑
(lix · Tix)∑

lix
(S1)

where l corresponds to the length of road segment i in buffer x.

S2 Ensemble Trees

S2.1 Random Forest

The model:

ŷ =
1

K

K∑
k=1

Tk(x) (S2)

Node importance:

nij = wjCj − wleft(j)Cleft(j) − wright(j)Cright(j) (S3)

Feature importance:

fii =

∑
j:node j splits on feature i nij∑

k∈all nodes nik

(S4)

Normalized importance:

normfii =
fii∑

j∈all features fij
(S5)

S2.2 Gradient Boosting

S2.2.1 LightGBM

HT (x) =
T∑
t=1

Ht(x), Ht ∈ I (S6)

Learner optimization:

ht(x) = argmin
h∈H

L(y,Ht−1(x) + h(x)) (S7)
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Negative gradient:

rt =
∂L(y,Ht−1(x))

∂Ht−1(x)
(S8)

Fit approximation:

ht(x) = argmin
∑

(rt − ht(x))
2 (S9)

Strong learner:
Ht(x) = ht(x) +Ht−1(x) (S10)

S2.2.2 XGBoost

ŷi =
K∑
k=1

fk(xi), fk ∈ F (S11)

F = {f(x) = wq(x)} (S12)

Objective function:

L(ϕ) =
∑
i

l(ŷi, yi) +
∑
k

Ω(fk) (S13)

Ω(f) = γT +
1

2
λ∥ω∥2 (S14)

After iteration:
Lt =

∑
i

l(y, ŷit−1) + ft(xi) + Ω(ft) (S15)

Approximation:

Lt ≈
n∑

i=1

[
l(y, ŷit−1) + gift(xi) +

1

2
hif

2
t (xi)

]
+ Ω(ft) (S16)

Optimal weight:

ω∗
j = −

∑
i∈Ij gi∑

i∈Ij hi + λ
(S17)

Minimum loss:

L̃t = −1

2

T∑
j=1

(
∑

i∈Ij gi)
2∑

i∈Ij hi + λ
(S18)

S3 Multiple Linear Regression

yi = β0 + β1xi1 + β2xi2 + · · ·+ βjxij + ϵi (S19)

ϵi = yi − ŷi (S20)

S3.1 Ridge Regression

min
β

L2 = (y −Xβ)2 + λ

p∑
i=1

β2
i (S21)
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S3.2 LASSO Regression

min
β

L1 = (y −Xβ)2 + λ

p∑
i=1

|βi| (S22)

S4 Kriging

γ(h) =
1

2N(h)

N(h)∑
j=1

[z(sj + h)− z(sj)]
2 (S23)

S4.1 Ordinary Kriging

Z ∼ N (µ,ΣZ) (S24)

ΣZ = δ2R(α) + τ 2I (S25)

S4.2 Universal Kriging

ẑ(u) = β0 + β1x1(u) + β2x2(u) + · · ·+
n∑

i=1

λiz(ui) (S26)

S5 Mixed Effects Model

yij = β0 + β1xij + ui + eij (S27)

S6 Feature Selection with Shapley Values

ϕj(val) =
∑

S⊆N\{j}

|S|!(|N | − |S| − 1)!

|N |!
[val(S ∪ {j})− val(S)] (S28)
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