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@ Use of Gaussian Random Field (latent or not) to model climatic variables

@ Multivariate space-time data

= Need to model a multivariate spatio-temporal second order structure

Separability

MQSQT :Forall (h,u)inR! xRandalli,j=1,..,p

C,'j(h, Ll) = Cov (Z,'(S7 t), ZJ(S +h t+ u)) = p,'j.Cs(h).CT(u)

Nonseparable models :
e MQ(ST) : Cj(h,u) = pij.C(h, u)
o (MS)Q T : Gij(h,u) = Gj(h).Cr(u)

New nonseparable model for multivariate spatio-temporal random fields
(MST)
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Existing models & Theorems

Nonseparable space-time covariance function (Gneiting, 2002)

If
@ ©(x),x >0, a completely monotone function
@ (x),x > 0, a positive function with completely monotone derivative
then
2 h 2
Chyu) = —7— 80( ”(| ”‘2)>, (h,u) €R? xR (1)
(RN

is a valid space-time covariance function.

p(x) = exp(—rx7) r>0,0<y<1

o) =2

@)

P(x)=(ax*+1)" a>0,0<a<1,0<pA<1

(rx2)"Ku(cxz)  ¢>0, v>0
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Existing models & Theorems

Matérn cross-covariance functions for multivariate random fields ( Gneiting,

Kleiber & Schlather, 2010)

The matrix-valued covariance function C(h) = [C;;(h)];_, with
Gij(h) = pijoiojM(h|vjj, rij) define a valid second-order structure if

ernn=..=rp=randrj=r>0 (3)

i+ ) e+ 9 TG +w)
1

M(vi)2 r(yj)% r (%(Vi + v + d))

r
.pij:ﬂij

where the matrix [3;]7;_, is a correlation matrix.

Each marginal function is of the Matérn type.

2 21—u,-

"T()

(rllh[D)*KCu; (rl[h]]) = M(hlvi, r)
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Existing models & Theorems

Bernstein's theorem (Feller, 1966)

A completely monotone function (t),t > 0, can be written as

mn:flmemwm (5)

where F is nondecreasing.

| A

Theorem (Schlather,2010)

A matrix-valued covariance function C(h, u) = [G;j(h, u)]?;_, defined on
R? x R is valid if and only if

P

(Cinl)i= [ €™ Cy(h.u)an (6)

ij=1

is positive definite for almost all w € R¥.
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A new cross-covariance model for multivariate space-time data
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A new cross-covariance model for multivariate space-time data

The following matrix of covariance functions C(h, u) = [Cj(h, v)]7;_; with

[y

Githu)y=2%Pi g (0 L iy e}, hweRI xR (@)
P(u)z \p(e?)? 2
define a valid model for stationary multivariate spatio-temporal random field if

o the term pj is equal to

M+ 93T+ 9)7 T (3 + )

i = Pi Fw): )2 TGwi+y+d)

@ 1(t),t > 0, is a positive function with completely monotone derivative

o [B4]f;_, is a correlation matrix

Sketch of the proof : Combination of GKS,2010 and Schlather,2010
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Simulations
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The amount of data is equal to n = p X ns X nr.

Let (Yk, Yk/),k,k/ = 1l oo

Yi = Yi(sj, t) i=1,..
Yk’ = W/(Sj/,fl)

n, be a pair such as

7p j:17"7
i"'=1,..,p j'=1,..,

ns t=1,.,

ns i = 1,..,

nt

nt

Weighted Pairwise (Log-)Likelihood

wpl(0
k=1 k/=k+1

where

1if h=]|s;— lims and

0 otherwise

S — of Ciir(h, u)
L = C,'i/(h, U) O','Zl

Sj/
e 1 <

Il
—

1, Denis Allard! & Emilio Porcu?
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u=|t—t'| <

|im'r

1 _
Z Z Wik! { log(2m) — |0g|2kw\ =5 (Y, Y ) Ego (Yi, Yir) T

(8)
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a eters to estimate

Parameters Number Initial Values
oi p empirical standard deviation
Bij @ empirical correlation
Vi, r p+1 Gii(h,0) = a?M(h|v;, r)
a,a, 3 Gi(0, u) = o?(av®™ + 1)’137"
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Application to data
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Application to data

Data from portal Climatik INRA : 2 climatic variables observed at 8 weather
stations during 11 years.

e Daily Mean Temperature (°C)
e Daily Mean Humidity (%)
e 11 Winters

Goal : Conditional simulation of mean temperature and humidity at Montpellier
(blue point) for winter 2011-2012.
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Application to data
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Figure: Mean temperature at Avignon 2001-2012. Bold red line : seasonal mean
ajusted by splines.
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Application to data

Temperature & Humidity model

Y = (Yl(sl, tl), Y2(51, t'1)7 coog Y2(53, tl), Y1(51, tz), ooog Yz(Ss, t,—,))T
Y = seasonal trend + error  where the error ~ N(0,X)

Correlation model and parameters estimated

B Ti+2)2T(a+2)2 T(E(+m)
aluP*+1 ()2 M)z T (301 +12+d))

h 1
(Gt )

B2 =041 13 =048 1, =030 r=135%10"% (1/r = 740km)
a=045 a=071 B=055 (d=2 becausehcR?)

C12(h, U) =
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Figure: Marginal spatial correlation for each variable (v = 0).
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Figure: Marginal temporal correlation for each variable (h = 0).
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Application to data
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Conclusion

CONCLUSION

@ New nonseperable cross-covariance model for multivariate space-time
stationary random field
o Theorical validity
o Simulation and estimation procedures

First application : gives coherent results, need to be compared with other
methods

o Limitation : symetric model

o Future work :

o Theorical work : ¢(u) = (a|u|® + 1)P — y;(u) = (ay|u|*¥ + 1)Pii
o Data application : more stations into a larger area // more climatic variables
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