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Wanted

 spatial prediction of a variable which quantifies
Rn hazard
- Its levels
- Its support (“Rn prone areas”)

e hazard:
- define “hazard” variable Y

- estimate / predict from observable guantities
Indoor concentration, conc. in solil air, external dose
rate, ...

- and from observable physical controls
geology, soil properties, geographic location...

. (,(, E[Y(X)](xUU), prob[Y(x)>T](xU) ??
= prediction support (point, cell, admin. unit,...)
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[l regression modelling

General linear model (GLM)
Z(U) = W(U) + ayg (U) +Bym (U) + ...+ f(x) + &(x)

AN A A

areal mean f|rst_ secon_d deter_mlnlstlc [ (correlated)
e.g. over categorical categorical continuous | i random
geological effect, e.g. effect, e.g. age effect, e.g. | fluctuation
unit U, floor level (1) of house (m) air pressure | |
factors may or may not be contingent / correlated :
ex.. contingent: age of construction ~ building material !
N ! -
N !"1:’ ...... ——
separate estimation: e.qg. kriging with external drift 5 division

" deterministic //

simultaneous estimation: e.g. regression kriging : . :
- stochastic part: :

non-trivial

Z = physical observable, or derived: e.g. log(indoor concentration) question!

U = spatial unit, x(U. (e.g. U={x}) 7 pecause factors
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example (1/4)
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example (2/4)
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example (3/4)
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example (4/4)

result,
separate
estimation

Rn conc.
indoor
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MCorreIation between variables

symbolically:
(Rn)(x) =
(dose rate)(x)
+ g(X)

statistically:

cov(Zt, Z?),
r2(Z1, Z2),
1(Z1,Z2) (rank corr.)

Z may be derived from
original variables, like
log, some g(2),...

variables indexed by upper indices.
Lower indices: sample index

= correlation between
dose rate and soil Rn

r ull ...but not perfect
_——

fallout ‘..
Pweakly correlated

" partly contingent
(through water content)
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examples for mutual dependencies

2 (V) = f(Z25(V))”

Example 1:

all model parameters
0 are themselves
random variables 6(x)

C

= physical model, valid in steady state
B = building material, T = transfer “factor”

—_ *
indoor — B+T Csoil

Example 2:

hopefully:
spatial variabilities
of B(x) are low.

D(ext. dose rate) =D, + 0 C

soil

D,... influence of K, T; & ~ emanation, attenuation,...

Example 3:
Coutdoor = Co + B C,y + Y *(dist. from sea) - tt .............
: not ye :
C,: contribution from distant locations, . examined | |
B: exhalation (~pressure diff., snow, humidity,..)
y: proxy for dilution by “clean” sea air /
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soil Rn (kBg/m3)

examples: soil Rn ~ dose rate, indoor Rn
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M collocating

 Problem: how to
(a) construct target variable of different Z!

(b) estimate correlation parameters 6,
if the Z' not sampled at the same locations ?

e (1) first separate estimation on same set of
locations (“sampling set”), e.g. grid or locations
of one chosen variable. (“collocated estimation”)

(2) model afterwards:
- Z' = fig;(Z) transfer models
- Y=Y(Z) target variable later slides:

™
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excursion: sampling sets

. yariable Z" samples {z'} = {z'(_xj)}, j;l...n'

¢' = {X;} = sampling set of variable Z'.
e in general: &' # &« |

(locations of indoor Rn and soil Rn samples are different)
e joint sampling set: & := O¢!

(=all sampling locations of all variables)

* grid: = = set of grid nodes or cells
¢ — = requires interpolation
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co-estimation

egtimating variable Z1, exploiting information contained in
Z2,...,Z™

based on cross-covariances

Ci(h) = cov(Z'(x), ZI(x+h))

a) co-kriging

b) co-simulation

problems: |
- estimation of co-variograms
- technical implementation for m>2

different approach: ¢ ¢, ¢, neural networks and support
vector machines ???

problem: implementation? theoretically more
complicated, but seems to have big potential

IN my view: most statistically satisfying methods!
not done --- for now!
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target variable

now starts
the more

« method 1: “transfer” N omelened/
first estimate one common Z1 out of
available Z' using transfer models from
collocated estimates — Z10)* then

-

.................... Friedmann’s
i proposal (JRC
:  geogenic expert
group)

* method 2: "multi-variate proper”
Y=f(Z',...,Z™M). (Some Z may be missing.)
“global” and “local” versions
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method 1: cooking recipe

il

.1 _ .
estimate all m variables Z' separately on
common grid = = Z1*,..,,Zm*

estimate transfer models between variables, Z
= fo(Z)), data = (Z*,2*)(=) m

apply the models to the original data {z'} on &..
— Q. g Zl(2) f12 12(22) Zl(3) f13 13 Z 2

new dataset {z1 neW} = {z-‘L}D{zl(2 10{z1®)} on
¢=¢1e=0e?

(Z'=soil Rn, Z?=indoor Rn, Z3=dose rate; Z*"eW = information of all)

use {z1."ew} for modelling Z*"¢W on grid =
(Contains information of original Z*, Z2, Z3.)

target variable Y=Y (Z1"eW) (could be Z1mev itself)
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method 1

grid =
A 5. 5. . . 5]
ZaS S R oS R . R P Ve n
AW v M 7
| Ea.d I £43 |

e oox :> transfer model derived
7% Z2% o trom 21x 7o

- % g=gip g2
O X
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method 2

w N

estimate all available or wanted variables
Z' separately on common grid = =

Z1% . 7M™ (= method 1)

wanted but not available: use regression, i}

multivariate target variable Y=Y (Z4,...,ZM)

How to?.... -
- multivariate classification (cz, be, Usa, others)

- continuous \ ‘proven and
viable concept,

S (a) eStImate Iocal FY(X); (_) 3rd next Sl|de) <ould be
-- (b) global distribution G2 ymfora | implemented
reg|0n B (—> 4th next 5|ide) relatively easily

In both cases, spatial association enters
through the input variables Z'.
If |B| large = G independent of B.
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mIssing Input

in general, some Z missing!
consistency:

strong version:
at each point x, Y(Z%,...,m',..., ml,....ZM) must be
iIndependent of which Z' are missing (up to statistics).
E.g.: Y(Z1,22,73) OO Y(Z1,Z%2,m) ... maybe not realistic

weak version: “conservative”
Y(Z1,72,m) > Y(Z1,72,7Z3) ... = means “higher hazard”

Serious constraint on admissible Y !
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method 2

XN o=

[ D Y*=Y (Z1*,72%) 7

[] z1
D I:l ........ x ISzl Is7]
X |::> aJ [N a5 g £
w Zl* 22*
O ’
X 22
¢, &2
classification
class(zZ!) -
o
§ level 1 level 2
N level 1 Y(1;1) Y(2;1)
\F level2 | Y(21) | Y22

(standard; not further discussed here)

local [F(y)](X) global [G,(2)](X)

next slide 2nd hext slide
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example for Y from local F,(X) (a)

e at X, generate many realizations
(z4,...,z2MK =: z(
using global cov(Z4,...,Z™) from &

e for each z®W - Y&

o statistics of Y over (K) (e.g. AM{Y®}) - Y

N

— X

_

e technically: e.g. Cholesky method: A, such that AAT=cov.;
generate u'~N(0,1) indep.;
= Z=U+A U ~ N(u, cov)

* needs to be demonstrated yet !
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example for Y from global G (b); 1/4

Y, (X):=prob(z!<lt,....z"<lM) = F,({) (z=(z"...2")
o Y,(X):=1-prob(zt>(3,...,zM>(™M)

e 3-variate scoring (m=3). indoor conc., soil conc., dose rate
* use (for now) empirical distributions F.;

missing: e.g., Yl(Zl, 2, m)(X) = FZ(Zl, (?, ®) (not yet implemented)
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C

soil Rn (kBg/m3) SOII Rn

continued, 2/4: soill Rn & dose rate

r>=0.13

soll

30

40

=100 - - —= —=-

log10(soil

T T T —T
50 60 70 80 90 100

dose rate (nSv/h) dOSe rate

soil Rn ~ dose rate:
bad correlation !

bivariate distribution
Y1=F1 22

2.2

0.8 \ \

treatment of missing variable
example: dose rate = missing
->Y,(100,»)=1

Y,(100,AM(dose rate))=0.55
06 — — _>Y1(50,°°)=0-83

................. —does nOt
Los AT TS

require a priori
knowledge of
F.(2%,22)!

17 1.:8 19 2 21
log10(dose jate, nSv/h)

AM(dose rate)=64

1.6

2.2
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C(in), Bg/m3

log10(indoor Rn, Bg/m3)

continued, 3/4: soil Rn & indoor Rn

1000

100 1

Y, more
conservative than Y, |

C(soil), kBg/m?

data points

artefacts

2.4

Y1(indoor, soil) g

=
(2]

log10(Cindoor, Bg/m?)

. 0.8 1 12 14 16 1.8 2 2.2 2.4 2.6

0s 1 12 14 16 18
log10(soil R

. 24 2. _
Bg/m?3) log10(Csoll, kBg/m3)

area without data
support blanked

theoretically: straight lines
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Improvement / generalization

on [0,1]", define a p-norm ||.|[, , (-~ metric

space) -

example: p=2;
YP() = |[F (1l := (M P)(Zi(Fi(x))P)H soil Rn, indoor Rn, dose rate
n= number of possible covariates,
m= number of available covariates
projection onto main diagonal of sub-cube .
[0,1]™.
..e. YPis functional fP: fP[Z(x)]=[|F,(X)]|, 300000
p=0 ... corresponds score 1 (Y,)
p=c ... corresponds score 2 (Y,, ,maximum=>*
norm®)
p=1 ... inner product (F,(x) » 1)
Y= joint F, as if the z' were perfectly
correlated; Y!=average of F,,
advantage of concept: more adaptive and
flexible !
natural treatment of missing data if m<n s0 1000 10000 20000 25000 300000 350000
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Wn k=

ok

4/4: In practice

how to estimate Y(z4,...,zM) ?
given F,1,...,F,m from previous experience
nscore z - W = F1,...,F,m ~ N(I',0"); o

values {z'} = {w' } from transform table =

values = m-tuples (wt,...,w™m),

generate N (many!) (ul,...,u™) random ~ F,,
Y.(z) = Y{(W) = prob (w'i<wi,..., wm<wm) =
min{#(ul<wl)/N,... #(um<w™m)/N}

Y, and YP in analogy

If sufficient data for Fi: easy to implement
automatically !
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2 method 2: cooking recipe

select your input variables
(= the ones you have)

regression modelling on available factors o
(geology,...) - Z'=factor,; + factor, ; +...+f(factor,)+...

estimate on common grid - (z**,....z7) (=) [l
correlation analysis - cov(z, 7)) |l
select target variable Y

... ZX Il classification // Fy Il G,

4: + straight forward;
6:

1 -
5 - 6: still problems

estimate Y
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problems (as usual)

Geological control: proper definition of
geological classes remains to be done.
= hopefully also better correlation *
between variables! ., .

Definition of input varlables Tn~p.a&ticular q
soll-Rn, permeability _ _
literature review

RegreSSion modelling: snnnnnndp | o0ld be helpful!
data! data! data!

target quantity: more discussion here !
still needed. “"===alp round table Friday!

estimation methods to be improved.

....

Yug, T dig deeper into geo-
statistical methodology!
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