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Soll properties vary In space and time
dimension
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Motivations

1. Perfect data do not exist
1. Measurement errors and missing values in time series at observation sites
2. Standard approaches need clean and complete data for reliable inferences

2. The estimation of space-varying regression coefficients (in
particular space-varying time trends) is challenging :
optimal spatial smoothness of the estimated trend surfaces?

3. Precise assessment of estimation and prediction uncertainty is
challenging with multi-step approaches
(e.g., Regression/Machine Learning + kriging of residuals)

4. Space-time covariance matrices become more and more intractable
with increasing dimension
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Objectives

* Develop a fully Bayesian estimation framework based on
* the integrated nested Laplace approximation (INLA),

 combined with the stochastic partial differential equation
(SPDE) approach to provide numerically convenient
representations of Gaussian processes over continuous space.

* Joint estimation of all model components and predictions,
including smoothness parameters (Issues 2, 3, 4),
for any sampling design (Issue 1)
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Statistical framework for space-time variation

K
Y(s,t) = By + z B.z:(s) +Wy(s) + (F— 0.5)W;(s) + Z B,()W;(s) + £(s, t)
[ =1

(relevant smoothing hyperparameters are indicated in italic)

S; . covariate coefficients for fixed effects and categorical effects z;(s) (precision)
W, (s): Space-varying intercept (range, precision)

Wy (s): Space-varying slope of time trend with normalized time ¢ (range, precision)
W,(s): Space-time residual process (range, precision)

e(s,t) i.i.d process (precision)

Here, responses Y (s,t) are supposed to be Gaussian, but other distributions are possible

e




INRAZ

The French Soil test database

National project for soil monitoring of agricultural
soils in the framework of the GIS Sol

e Data Characteristics:

* Georeferencing: imprecise — municipality

* Sampling: no control on the strategy - sampling year

» Standardized analytical procedures for the selected
laboratories

* Available soil parameters:

Particle size analysis

Organic C and total N, pH, CEC
Macronutrients (P K Ca Mg)
Micronutrients

Basic information on land use

Saby et al, 2017, Soil Use and Management,
https://doi.org/10.1111/sum.12369

bdat.gissol.fr
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Médiane des teneurs en C orga OH pour la période début 2010 & fin 2014, découpage par ¢

Elément : C orga OH gelymouth wv :
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Valeurs en g/kg

'ous pouvez changer les seuils de
classement de la légende & votre
guise : saisissez de nouvelles
valeurs dans les champs éditables,
puis tapez sur Entrée

Opacité :
100%

L'INRA décline toute responsabilité quant a I'utilisation qui pourrait &tre faite des données. Ces derniéres sont fournies telles g
soin apporté a la constitution de la base, il se peut que des erreurs existent. Les responsables de la BDAT remercient par avance
leur mentionneraient d’éventuelles incohérences. Ils tiennent également a attirer 'attention des utilisateurs sur le manque de p
réalisées a une échelle supérieure au 1/zs0000éme a I'aide des données fournies.
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Carbon content in
agricultural topsoils of Brittany region

1990-1994 1995-1999 2000-2004

° > 38 OOO data bEtween Median of C content
1990 and 2014 , Ie.4

13.38
e 16.84
S 18.56
20.66
25.49

* \Very noisy data

2005-2009 2010-2014 32.53

67
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Results
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Uncertainty of categorical effects

K
Y(s,0) = o+ ) Biza(s) +Wo(s) + (= 0.5IWi() + ) Bi(OWi(s) + £(s,1)
[ =1

| e Meanand 95 %
credibility interval

* Uncertainty estimates
are based on Posterior
distributions

Coefficient (in log)

1 2 4 5 7 9
Parental Material
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Uncertainty of the hyper parameters

Y(s,) = fo + 2 Biz(s) +Wo(s) + (= 05)Wy(s) + Z BUOWi(S) + £(5,0)

/O
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Uncertainty of space-varying linear time

trends
Y(s,6) = o + Z Bizi(s) + Wo(s) + (E = 0.5)Wy(s) + Z B(OWi(s) + (s, 1)
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Inference on space-varying linear time trend
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95% quantile

Uncertainty of spatio temporal maps

Q95 Predicted C content
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Discussion

* Fast computations within INLA thanks to the sparse matrix
computation library PARDISO https://pardiso-project.org/r-inla/

* Explore model comparison using CRPS to improve assessment of
prediction uncertainty (calibration and sharpness)

* By default, INLA provides univariate posterior distributions of
hyperparameters, latent variables (e.g.,WO0(s), W1(s)) and fitted
values

* Posterior simulation allows obtaining posterior distributions for other
quantities that combine several latent variables (interpolation in
space and time, regional aggregation and trends, etc.)
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