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Fundamentally what is spatial statistics

A weighting of nearby points

f ( ⋅ ) =
n

∑
i=1

αik( ⋅ , xi)



Expensive

Either inverting a matrix or solving a linear system of equations

X |Y ∼ 𝒩( μX + ΣXYΣ−1
YY(Y − μY), ΣXX − ΣXYΣ−1

YYΣYX )
Y |X ∼ 𝒩( μY + ΣYXΣ−1

XX(X − μX), ΣYY − ΣYXΣ−1
XXΣXY )

Y = βXT + ϵ



Spatial Statistics - lots of innovation



Improving accuracy
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Improving flexibility



How can we shake things up?



What covariates to use?

1.  Modifiable areal unit issues

5km5km



Displacement for pseudonymising



Extrapolation
Malaria HousingMAP data
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Tracking changes through time



CNNs + Landsat

Image Covariates

The RESNET unit



Adding space-time back in

βXT + Zs,t + ϵ RELU(β[X, s, t]T)

X

RFF(β[X, s, t]T) βXT + RFF(β[s, t]T)

Likelihood ∼ BetaBinomial( ⋅ )

The use of wavelets?

new covariates



Fit performance

Predicted Actual



Validation performance

RFF ∼ 10 % CNN ∼ 11 %
Mean absolute error

Full bells and whistles Just RGB images 
No time 
No space

RFF ∼ 15 % CNN ∼ 11/12 %

Full bells and whistles Just RGB images 
No time 
No space

Mean absolute error - leave country out



Next steps

1. Get terabytes of Landsat data 

2. Investigate various temporal composites 

3. Tune CNN hyperparameters 

4. Explore multidimensional parameterisations 

5. Include DEM and other high res products 

6. Explore implications of covariate shift



Long term vision (Phase 2 GC)

Human Development
Index

Encoder Decoder
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The human development net
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