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In between observations

Advance each particle in time using proposal density

xnj =M
(
xn−1
j

)
+ B(τ)

(
y(k) −H

(
x
(m−1)
j

))
+ dβnj

Accumulate weights

wn
j = wn−1

j

p(xn|xn−1)

q(xn|xn−1, yk)
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At observation time

Find max weight for each particle using limited-memory BFGS method

Cj = −w rest
j +

(
xkj −M(xk−1

j )
)T

Q−1
(
xkj −M(xn−1

j )
)

+
(
ykj −H(xkj )

)T
R−1

(
ykj −H(xkj )

)
o

Keep particle if Cj > Cmax

Find α (using Newton/bisection) such that Cmax − Cj = 0 giving

Cmax = −w rest
j +

(
x∗j −M(xk−1

j )
)T

Q−1
(
x∗j −M(xn−1

j )
)

+
(
ykj −H(x∗j )

)T
R−1

(
ykj −H(x∗j )

)
x∗j = M

(
xn−1
j

)
+ αjK

(
y −H

(
M

(
xn−1
j

)))
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Lorenz63 model

xn+1 = xn + ∆tσ(yn − xn) + ξnx

yn+1 = yn + ∆t(ρxn − yn − xnzn) + ξny

zn+1 = zn + ∆t(xnyn − βnzn) + ξnz

Settings:

dt = 0.01

x0 = [1.508870,−1.531271, 25.4609]

σ = 10, ρ = 28, β = 8/3

Stand. dev. of initial ensemble and observational error is σR =
√

2.

Stand. dev. of model error is σQ =
√

2∆t.
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Issues with H

Choice of observations
(y = H(xy), H(yz))

Choice of nudging term in

xnj =M
(
xn−1
j

)
+B(τ)

(
y(k) −H

(
x
(m−1)
j

))
+dβn

j

Choice of alphas

What to do if not enough
particles can reach Cmax .
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H(x) = yz

∆tobs = 10
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H(x) = yz

∆tobs = 20
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H(x) = xy

∆tobs = 10

S. Vetra-Carvalho, P. J. van-Leeuwen (UoR) WP3 Innovative DA techniques 2nd April 2014 8 / 11



H(x) = xy

∆tobs = 10

Cj = −w rest
j +

(
xkj −M(xk−1

j )
)T

Q−1
(
xkj −M(xn−1

j )
)
+

(
ykj −H(xkj )

)T
R−1

(
ykj −H(xkj )

)
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H(x) = xy

∆tobs = 10

Cj = −w rest
j +

(
xkj −M(xk−1

j )
)T

Q−1
(
xkj −M(xn−1

j )
)
+

(
ykj −H(xkj )
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R−1
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THANK YOU!

ANY QUESTIONS?
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