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Framework

intuitive approach: causality cone

time

t-L

Y(x,t)

random events in the past
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Framework

Additive type:

Y (z,t) = covdL
At($)

Exponential type:

Y (z,t) = exp {/A . . --dL}



Framework

Ambit field:

Vi) = [ gltosinpba(o) Hdsdy)t [ alt.s.zpas(y) ds dy
At(x) Dt(x)

v

Ai(x),Dy(z): ambit sets

g, q: deterministic weight functions

v

v

b: volatility /intermittency field
a: drift field
L: Lévy basis

v

v



Framework

Stationary and homogeneous ambit field:
Vita) = [ gt = s,lo = y)buly) Lids dy)
A (z)

+ q(t — s, |z —y|)as(y) ds dy
Dy(x)

v

Ai(z) = (z,t) + Ap: translational invariant ambit set

v

Dy(z) = (z,t) + Do: translational invariant ambit set

v

b: stationary and homogeneous volatility /intermittency
field

» a: stationary and homogeneous drift field

v

L: homogeneous Lévy basis



Ambit fields of exponential type

Special case of a stationary and homogeneous
ambit field of exponential type:

Yi(z) = exp {/At(z) dL} = exp {L(A())}

» L: homogeneous Lévy basis
» Ay(x) = (z,t) + A C R?: translational invariant ambit set



Ambit fields of exponential type

Two-point correlators:

_ B{Mi(@)"Yo(0)"}
E{Yi(w)" } E{Yo(0)"2}

= exp {Kn1, na] [4i(w) N Ao (0)]}

Cny o (T, 1)



Ambit fields of exponential type

Covariogram problem:

Reconstruction of A C R™ from the knowledge of
[((z,t) + A) N Al for all (x,t)



Ambit fields of exponential type

Boundary function h:

Determined from equal time or equal position
two-point correlators
time

Yi(x)
t77

| space




Application: Cascades

Energy dissipation in a turbulent flow

time



Application: Cascades

Correlators of a cascade process Y;:

E{Y/"Y5"?}

— _g(n17n2)
By B () <

Cnyna (1)

for a certain range of t € [t;,t,].

Ambit field of exponential type:

vi—eo{ | t dL} = exp{L(40)

» L: homogeneous Lévy basis
» A; = (0,t) + A C R?: translational invariant ambit set



Application: Cascades

Ambit set A;:

time




Application: Cascades

Correlators: ¢, n,(t) = exp {K[ny, no] |4; N Agl}

A




Application: Cascades

Modeling the energy dissipation: input

» marginal distribution

» two-point correlators



Application: Cascades

Modeling the energy dissipation: output

v

scaling of correlators ¢, 4

v

unconditional and conditional multiplier distributions

v

multi-point correlators



Application: Cascades

Modeling the energy dissipation: three point

correlators
20
6 5
18 \
| |
. 16} 5(| | 4
2" |
T 14
= 4 3
100 %00 200 @00 27400 500 600 700
2 8
=
& 6
4
2 ‘ ‘ ,

0 100 200 300 400 500 600 700
(x,=x,)n



Application: Turbulent time series

Main component of the turbulent velocity vector:
Brownian semistationary processes

t
Y}:/ g(t — s)osdBs +ﬁ/ (t — s)olds

> ¢: deterministic kernel
» o: stochastic volatility

> [3: constant



Application: Turbulent time series

Modeling the turbulent velocity vector: input

» cascade model for o
» second order structure function of velocity increments

» skewness of velocity increments



Application: Turbulent time series

Stylized features: output

>

>

>

distribution of velocity increments
aggregational Gaussianity

scaling of higher order structure functions
statistics of the energy dissipation

statistics of the Kolmogorov variable



Application: Turbulent time series

Fourth order structure function:

Suls) = E{(Yies — ¥))'}
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Application: Growth

Star shaped tumor growth
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Application: Growth

Normalized radius function

Ry (®)

)= E k@)

Ambit field of exponential type

r(P) =exp {a(t) /A(l)(q)) cos(® — &')L(dt'dd’)

+h(t) / . L(dt’dcb’)}
A4,7(®)



Application: Growth

Equal time correlators

Cpg( D1 B + AD, 1) = gl A

E{R;(®)P}E{ R (P+AD)7}

I - ].Og 0p7q
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Outlook: Particle transport

Ambit framework:

» vector models in 3-dimensional space and time
» data-driven modeling
» flexible and mathematically tractable

» non-stationarity and non-homogeneity



Outlook: Particle transport

Modeling the turbulent background field:

» as initial values for direct numerical simulations

» input to dynamical equations



Outlook: Particle transport

Direct modeling of the active random forces:

» modeling of dynamically active forces

» data-driven: stylized features of dynamically active forces



Outlook: Particle transport

Direct modeling of particle dynamics:

» modeling the velocity/path of a particle or the density of
an ensemble of particles in a turbulent flow

» data-driven: stylized features of particle transport



