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Analog forecasting : the idea

e ak, = analogs of x,: « close » to X,

e ak successors (time t) — estimate X,
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Analog forecasting : cheap ML
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Analog forecasting : In practice

e Large database called « catalog » (reanalysis, model output)

Select K nearest neighbors of X, (fast thanks to ML libraries)

* Assign weights to the analogs (discard bad analogs)

* Apply a given analog forecasting operator

~ Zwk&c

k
~ N(p, X)
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Analog forecasting operators

Locally-Constant Locally-Incremental Locally-Linear

Hic = kakaf
Mip = Xo T+ Zk Wk(af — ag)
prr =S (X0 — pg) +C

(figure from Lguensat et al. 2017)
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Dynamical systems

* Hypotheses : ix i
— =I(X
dt ’
k ~
‘v’k,ddit:fa(ak); fo = f + of. § 50

e Distance between successor and future state :

a,'f — X3 = t(Sf(Xo) == [I + tVf|xO] (ag — Xo) = O (tQ, ||a’§ - X0||2, (5||a’5 = XOH)

t— 0 a’é—)xo 0 = 0
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Dynamical systems

 Here — looking at local error
— similar to Nicolis et al. (2009)

* Zhao and Giannakis (2016)
— looking at global dynamical properties
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Dynamical systems : mean error
* Hypotheses :

d—X:f(X) t—0 al — xo o — 0
dt
d L
VE, di;:f“(a""); £ = f + 6f . to =3 wiak

 Mean error of analog forecasting operators

pro =X = t0f(x0) +[L + t V|, ] (o —%0) +O (f2= > willag —xol[*, § ) wllag —anl)
k k

prr—%; = t0F (%) +[tVE|xo] (19 —%0)+O (fgﬁ > willag —xoll*, 6> willag — Xol)
k k
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Dynamical systems : mean error
* Hypotheses :

c(ij_:;:f(X% t—0 a} = xo 6 = 0
da* 2 k
Wy e fo(a¥); f£°=f+of. Po=2pweds
 Mean error of analog forecasting : < i
— experiments on L96 with 6=0 ) T
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Dynamical systems : mean error
* Hypotheses :

dx _
di

dak a ik
W@E—f(a),

f(X)= t— 0 aﬁ—>x0

fe = f + of . o =3 wiak

* Mean error of analog forecasting :

— experiments on L63 with 6=0
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— LC empirical error
-- LC error estimation
— LI empirical error

-- LI error estimation

RMSE/RMSD

S

(figure from Platzer et al. 2019)
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Dynamical systems : mean error
* Hypotheses :

daF
VkE, — =
vt

dx

dt

f(x),

f*(a") ;

t—>0 aﬁ—>x0

f* = f + 4f.

Ho = Zk Wkag

* Mean error of analog forecasting :

— experiments on L63 with 6=0
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— LC
-- LI
-- LI+mean correction
---+ LI+local correction

(figure from Platzer et al. 2019)

RMSE/RMSD
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Relation between operators

e Locally-linear:

aF = S(af — py) + ¢ +residuals

S =T+ tVfly, + O (2, ||pto — %0l|)

_ k __
{C — kak‘at = HMic
H

By = Hrc+S(Xo—pg)

* Locally-constant, locally-incremental :
prc = Hipls=o
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The locally-linear and the Jacobian

S = I+ tVEly, + O (2, |t — %ol|)

array( [
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The locally-linear and the Jacobian

S =I+tVf|x, + O (¢, ||o — %ol|) Quiality of Jacobian estimation using LL
Mean error of LL forecast
10 E .
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What about the covariance ?

2ILC

~ N(u, >
A - Xg — it ( @ -
G Zwkék 2L
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What about the variance ?

— Experiments on L63

Estimation of normalized RMSE, K=20

——- LC (Lguensat estimation)

— LC (empirical from several catalogs)
== LI (Lguensait estimation)

— LI (empirical from several catalogs)

RMSE

000 025 0.50 0.75 1.00 125 150 175 2.00
lead time t

IMT-A & RIKEN Paul Platzer
Feb. 10, 2020 18/20



What about the variance ?
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Conclusion

* Analog forecasting = empirical, simple ML

* Using dynamical systems helps
- Interpretation
— error estimation
— data-based + model-based hybrid method ?
— finer tuning ?

 Combine analogs and NN ? (analogs=first guess)
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Thank you !
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