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KNMI + WOW 505 Multi-fidelity Gaussian process regression

e high-fidelity data

- low-fidelity data

ignoring low-fi data exact interpolation regression with noise

treatment
Koninklijk Nederlands Meteorologisch Instituut, Budapest, 11 May 2023
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We are very grateful for
all the efforts from the
WOW community in
providing data!

Temperature (29 June 2021, 8am-9am)

... but what can we do with this map?
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KNMI + WOW + cov 5% Year of in situ observed air temperature

« What happens to
this map if we start
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« The uncertainty will
be reduced, but
where, and by how
much?
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« Note: compared to
the estimated mean
maps, the estimated
uncertainty maps are
still in an early stage
of development!
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Adding stations Randomly adding KNMI stations
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Adding KNMI station at location

Adding stations of heighest uncertainty
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Adding stations Fils] Explicit multi-fidelity adaptive sampling

scanning for new station location
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Adding stations Fils] Don’t optimize for single objective!

aerodynamics team propulsion team fuselage team

assembly team cargo team weight team

Koninklijk Nederlands Meteorologisch Instituut, Budapest, 11 May 2023 Drawings: Adriaan van Dijk



Results: Iteration 1
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Explicit multi-fidelity adaptive sampling
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Need to make assumption
about cost of WOW station

Assumption:
WOW cost = 5 % KNMI cost



Results: Iteration 12
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Adding stations
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Adding stations: Utrecht city area
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Currently working on this
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Currently working on this

500 m resolution
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Conclusions

Developed and implemented a method for
multi-fidelity adaptive sampling

However, before it can be used in real life,
we first need to learn more about the
approach and reliability of uncertainty of
weather maps!
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Thank you very much for
your kind attention

Jouke de Baar & Gerard van der Schrier (KNMI)
Budapest, 11 May 2023 (online)




Question & answer slide s Equations

Prior p(X) =N(QBy, P)

Likelihood p(Y\w) — N(HCB + BIBB7R)

regression with noise : -
treatment Posterior p(X|y) =N(z,C)



sl
Question & answer slide feilad Equations
Standard GPR

E[f(x)] = m(x) + k(x,x’,8) K(x’,x’,8)* { y - m(x’) },

var[f(x)] = k(x,x,0) - k(x,x’,8)" K(x’,x’,8) k(x,x’,0),

With external drift

E[f(x)] = M(x) B + k(x,x",6) K(x",x",0)* {y - M(x') B },

i!/‘\/'v var(f(x)] = k(x,x,0) - k(x,x’,0)" K(x’,x’,8)™* k(x,x’,8) + Cm(x,x,6,B),

With bias and noise

regression with noise E[F)] = M(x) B + kix',8) { Kix',x',8) + ROCx,€) ¥ {y - M() B},

var[f(x)] = k(x,x,0) - k(x,x’,0)" { K(x’,x’,8) + R(x’,x’,&) }* k(x,x’,0) + Cm(x,x,0,B).



