
Additional File 2

The smoothing step in HM-EnPF

Here, we assume Tobs = T for simplicity. The smoothing step also consists of the following three sub-steps. At
tth (t ∈ Tobs) time step, for s = t+ 1, . . . , T ,

1. Particle Filter Step

(a) Resample x̂
(n)
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p(xt|Y s) =
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ṅ p(ys|x
(ṅ)
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(n)
t|s−1), (S1-1)

where δ(·) is a Dirac delta function.

(b) Calculate first and second moments µt|s = E[{x̂(n)
t|s }] and Vt|s = V ar[{x̂(n)

t|s }], respectively.

(c) Standardize x̂
(n)
t|s as
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− 1
2
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(d) Calculate third and fourth central moments m̂
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4], respectively.

2. Ensemble Kalman Filter Step

(a) Calculate Kalman gain
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{
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−1. (S1-3)

(b) Calculate x̃
(n)
t|s as

x̃
(n)
t|s = x

(n)
t|s−1 +Ks(ys − x

(n)
s|s−1 +w(n)

s ). (S1-4)

(c) Calculate first and second moments µ̃t|s = E[{x̃(n)
t|s }] and Ṽt|s = V ar[{x̃(n)

t|s }], respectively.

(d) Standardize x̃
(n)
t|s as

z̃
(n)
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t|s · (x̃(n)
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(e) Calculate third and fourth central moments m̃
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t|s = E[{z̃(n)
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3] and m̃
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t|s }
4], respectively.

3. Merging Step

Calculate x
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t|s as
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1
2

t|sS(z
(n)
t , m̂

(3)
t|s , m̂

(4)
t|s ) + µ̂t|s, (S1-6)

z
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