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Spatial Planning

’Torremolinos Charter’ adopted in 1983 by the European

Conference of Ministers responsible for Regional Planning

"Spatial planning gives geographical expression to the

economic, social, cultural and ecological policies of society. It

is a scientific discipline, an administrative technique and a

policy developed as an interdisciplinary and comprehensive

approach directed towards a balanced regional development

and the physical organisation of space according to an overall

strategy."

⇒ crucial for biodiversity conservation and policies

(e.g. MSFD, . . . )
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Predict from environmental inputs (xk∈[1:p]) where a species of

interest occurs

E[Response Variable] = f (Environmental Inputs)

A SDM is typically a mathematical statement ("specification")

about the Conditional Expectation Function CEF:

1. linear reg. CEF: E[Y |X ] = β0 +
∑p

k=1
βk × xk

2. logistic reg. CEF: E[Y |X ] =
1

1 + e−β0−
∑p

k=1
βk×xk

3. linear gam. CEF: E[Y |X ] = β0 +
∑p

k=1
sk(xk)

4. etc...
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Analytical workflow

Observed Data

→ Modelling → Predictionstimet

(Long, Lat)obs

Occurrence

↘

CEF

↗
Spatial

Habitat use (Long, Lat)pred
Abundance

↗ ↘
Temporal

Inputs (x1, .., xp) timet+1 (Péron et al., 2012)
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SDM: Usual Study Design

1. collect dataset Y of size n

2. extract p environmental covariates at sample locations: X

3. exclude combination of covariates with pairwise

correlation > some threshold (e.g. 0.7)

4. specification search: choose CEF minimizing e.g.
AIC ∝ log `(Y |θ̂ )

5. check fit and predictive accuracy

6. predict from selected model (or model sets) and Xnew
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Predicting from SDM

More o�en than not, interest lies in predictions in

unsampled locations

In usual framework, robustness is hoped for a�er checking the

specification search:

I checking is internal (e.g. use in-sample cross validation to

estimate out-of-sample predictive accuracy);

I ignores data collection design (random partitioning of

the data).

Fundamental problem:

Predictions can be heavily model-dependent, that is

non-robust.
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x

y

Both R2 ≈ .0.99, yet very di�erent predictions...
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Interpolations and Extrapolations

How can we know

what kind of predictions

we are making?
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Gower’s nonparametric measure G2

i,j

average absolute distance

between i and j, divided by the

range rk = max(x.k) −min(x.k)

G2

i, j =
1

K
×

p∑
k=1

|xik − xjk |

rk
(1)

(King & Zeng, 2007)

No Need of Y !
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Convex Hull Computations

R package WhatIf (Stoll et al., 2009)

whatif( formula = NULL,
data = calibrationData,
cfact = predictionData
)

Works with x continuous, categorical or both
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inside outside

I G2
= distance

between two points

as a proportion of

the data range

I G2 = 0.3 means the

two points are 30%

of the range apart

I can define a

neighbourhood as

the % points within

a given radius (Ḡ2
)
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)



Predicting loggerhead turtle abundance in the North Western Mediterranean Sea

Gower’s Distance

Trust Thy Neighbours

inside outside

I G2
= distance

between two points

as a proportion of

the data range

I G2 = 0.3 means the

two points are 30%

of the range apart

I can define a

neighbourhood as

the % points within

a given radius (Ḡ2
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Convex Hull Computations

Assess with Gower’s distance

for a prediction with Xnew
(1) whether it is an interpolation or an extrapolation wrt X ,

(2) how many neighbours in X it has; without doing any

actual model fi�ing!
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SDM: Alternate Study Design

1. collect dataset Y of size n

2. extract p environmental covariates at sampled locations:

X

3. exclude combination of covariates with pairwise

correlation > some threshold (e.g. 0.7)

4. specification search: choose CEF minimizing

extrapolation from X to Xnew

5. check fit and predictive accuracy

6. predict from selected model at new locations Xnew
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Case Study: Loggerheads in the Mediterranean
Sea
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Summer survey: 308 obs
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SDM

Search for a specification with 4 environmental covariates

among 10 candidates

210 specifications, 101 with max. pairwise correlation < 0.7

yi ∼ ZIP(αi,E�orti × eµi )

αi = logit−1(γ0 + γ1 × linear e�orti + γ2 × Beauforti)

µi = β0 +
∑

4

k=1
BSk(xik)

where BSk(.) are cubic Bézier-splines (Eilers & Marx, 2010) with 10 knots.
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SDM

Search for a specification with 4 environmental covariates

Model fi�ing with Stan (Carpenter et al., 2017)

weakly informative normal priors with non-centered

parametrization

Gamma-Gamma mixture priors (Gri�in & Brown, 2016) for variances:

σ 2 |λ,ϕ ∼ Γ(λ,ϕ)
ϕ |ρ, s2 ∼ Γ(ρ, s2)

With λ = 0.5 and ρ = 1.0,

this prior has a mean of s2
and a spike at 0.
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SDM selection

Specification search for SDM with 4 environmental covariates

1. LOO: Bathymetry, Distance to Shelf Break, NPP, Sea

Level Anomaly

2. Gower: Bathymetry, Slope, Distance to Shelf Break,

NPP

1. ω̂LOO = 0.49

2. ω̂LOO ≈ 5 × 10
−7
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Covariate E�ects I
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Covariate E�ects II
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Validation

→ Two quantitative criteria: RMSE and Interval Score

INTα (l, u, ypred)

1. RMSE =
√∑

i
(
(yobs − ypred)2

)
2. INTα (l, u, ypred) = u − l + α

2
(l − ypred)1{ypred <

l} + α
2
(ypred − u)1{ypred > u}

→ One graphical check: rootograms (Kleiber & Zeileis, 2016)
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SDM: tweaking the likelihood

1. collect dataset Y of size n

2. extract p environmental covariates at sampled locations:

X

3. exclude combination of covariates with pairwise

correlation > some threshold (e.g. 0.7)

4. specification search:

4.1 estimate a "neighbourhood" wi of X
4.2 use a weighted likelihood framework `(Y |θ̂ )w

5. check fit and predictive accuracy

6. predict from selected model at new locations Xnew
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Ein Sonderweg?

SDM with weighted likelihood

I G2
= distance

between two points

as a proportion of

the data range

I a neighbourhood is

the % points within

a one Ḡ2
radius

I wi =
size of neighbourhood
average neighbourhood

,

so that n =
∑

i wi
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Ein Sonderweg?

SDM

Specification search for SDM with 4 environmental covariates

1. `: Bathymetry, Distance to Shelf Break, NPP, Sea Level

Anomaly

2. `w : Bathymetry, Distance to Canyon, SST, Sea Level

Anomaly

3. Gower: Bathymetry, Slope, Distance to Shelf Break, NPP
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Statistical robustness

Robust statistics is an extension of parametric statistics,

taking into account that parametric models are at best only

approximations to reality. (Ronche�i, 2014)

Robust statistical methods are procedures that give

approximately the same results as classical methods when

there are no atypical observations, and are only slightly

a�ected by a small or moderate proportion of atypical

observations. (Marrona, 2014)

Robustness primarily should be concerned with safeguarding

against ill e�ects caused by finite but small deviations from an

idealized model, with emphasis on the words small and

model. (Huber, 2014)
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Emphasis on (parametric) model (mis-)specification

what’s "atypical", "small", "ill e�ects" . . . is not

operationalized precisely

→ gives too much ’researcher degrees of freedom’? (Simmons et al., 2011)
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Inferential bri�leness? Predictive robustness?

Di�erent paths to perform a specification search

→ di�erent inferences wrt to processes...

→ qualitative di�erence wrt to predictions (extra- vs
inter-polations)...

does not necessarily translate into quantitative di�erences!

Many-to-one mapping = Predictive Promiscuity

⇒ need for micro-foundations sensu Achen (2002)

Any role for this weighted likelihood approach?
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