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TMB : R package for fitting latent variable models

e Calculates first and second order derivatives of the likelihood function by AD (or any
objective function written in C++)

e User specifies which function arguments the Laplace approximation should be applied to

Modelsin stelfi are fitted via maximum likelihood using TMB via a range of custom written
C++ templates

Spatial LGCP
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A(s) = exp(Bo + G(s) +€)

* By, intercept

$$\Lambd
® G(s), Gaussian Markov Random Field (GMRF)
* \(\bet e ¢ error
e \(G(\u
* \\eps  G(s) has a Matérn covariance defined by r and «, where
fit_lgcp( 3 .
° = % is the range, and
e locs, * o= — standard deviation
e sf,al e
e smest fit_lgcp(locs, sf, smesh, parameters)
e tmest
® paran e Jlocs, matrix of locations

e sf,an sf object of the spatial domain
e smesh,a INLA::inla.mesh.2d object

e parameters,vector of parameter starting values

Spatiotemporal LGCP



A(ga t) = eXp(BO + G(ia t) + €)

e By, intercept
* G(s,t), aspatiotemporal GMRF
® ¢ error

fit_lgcp(locs, sf, smesh, tmesh, parameters)

e locs, matrix of locations

e sf,an sf object of the spatial domain

e smesh,a INLA::inla.mesh.2d object

e tmesh,a INLA::inla.mesh.1d object

e parameters,vector of parameter starting values

A marked LGCP
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App(s) = exp(Bpp + Gpp(s) + €pp)

fit_mlgcy i
Am(8) =T " (Bm; T Gm,(8) + 0 Gpp(s) + €m))
® marks
* methc e a;(J=1,...,nmus ) are coefficient(s) linking the point process and the mark(s).
e fielc
e covar e Ap,(s) depends on the assumed distribution of the marks e.g,,

1. If m; ~ Normal(p;(s), ;) then M;(s) = p;(s) and 1 =1(),

2.1f mj ~ Poisson(A;(s)) then Mj(s) = Aj(s)and ! = exp(),

3.1f mj ~ Binomial(n;, pj(s)) then Mj(s) = pj(s) and ! = logit(), and

4.1f m; ~ Gamma(shape;(s), scale;) then M;(s) = shape;(s) and £ 1 =1og().

A marked LGCP



fit_mlgcp(locs, marks, sf, smesh, parameters, methods, fields, covariates)

e marks, matrix of marks at each locationin locs
e methods, integer(s) choice of mark distribution(s)
e fields, binary vector, should a mark specific random field be included

e covariates,amatrix of covariates can be set on either the marks, or LGCP, or both.

First to yell out
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50°N 1
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40°N 4

35°N 1
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First to yell out the correct answer gets my permission to skip the queue @ lunch tomorrow

() Sasquatch/Bigfoot
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A marked LGCP example


https://www.bfro.net/
https://www.bfro.net/

The joint n

$$\Lambd
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is, as previ
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Setting m; = 1 if the Bigfoot sighting is classified as clear (Class A) and m; = 0 if the sighting is not
(class B).

classification
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Claszs B




_

The joint model we fit is

Paramet
\(\beta_O\ A(s) = exp(Bo + B1Xelev(s) + G(s) + €)
\(\beta_1\
\(\beta_0” logit(p(s))™" = Bom + B™Xetev(s) + Gm(s) + 0 G(5) + €
\(\beta_1" - : T , .
\Nalpha_ where m(s) ~ Bernoulli(p(s)) and the spatial intensity of all sightings is, as previously, A(s). A spatial

covariate, x..,(s) the elevation in kilometres

A joint model



Marked LGCP
Elevation (km)

Parameter est. se

Bo -0.8230.358
B1 0.114 0.251
m 0.227 0.284
m -0.3720.178
O 0.044 0.063

Expected number of sightings

hing



But, is seein ious?
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ETAS-type model
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At m(t)) = p+ oZig<em(Ti)exp(— * (t— 1))

$$\lambd:
e 1, background rate
e q,increase inintensity after an event
* \n=S e B,rate of decay
e \(\hat ¢ m(t), temporal mark
e Expec ® ..« historic dependence
{\hat{ . .
fit_hawkes(times, parameters, marks)
e Expec
=\fra e times,vector of times
« Ratec e parameters,starting values of parameters

e marks, (optional) vector of marks

S0, is seein ious?
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M) = pt+ aZig<exp(—p * (t— 1)) + e

$$\lambd:
e \(\mu
fit_hawke iohti q
backgroun e n=972sightings over T = 2188 days
e backe e (T =0.12 x2188 ~ 263 baseline sightings
¢ baCkg . . . . . N 006 2
. e Expected number of sightings triggered by any one sighting § 0w 3
e Expected number of descendants per sighting lf& = 22— =3
e Rate of decay for the self-excitement é = 55 ~ 11days

Extension: An inhomogeneous Hawkes
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Mt = () + aZig<exp(—p * (t— 1))

Condition:
$$\lambd: * u(t), varying background rate
\tau_i))}$$
fit_hawkes_cbf(times, parameters, background, background_integral,

* ik background_param)

e \(\alpl
£it_mhawk e background, user supplied p(t)

® background_integral, integral of background
e strec

e background_param, starting values of parameters for p(t)

Extension: A marked HawRes
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Conditional intensity for the " (j=1,...,N)

$$\lambd: ALY =y + I B ogiel )
\beta * (t-\
e j,ke(,...,N)

where \(\n ) )
* oy, is the excitement caused by the k™ stream on the j*

increaseir

the event | . .
fit_mhawkes(times, stream, patameters)

Spatial sel
\text{Norr e stream, character vector specifying the stream ID of each observationin times
(\boldsyml
\sigma_y §
\begin{bm
\end{bmat

0 in the pot: spatiotemporal self-excitment
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AGs, t) = n+ G(s) + aXig<t(exp(—P * (t — 11))Ki(s — xi, t —1i)) + €

where pnis the background rate, B is the rate of temporal decay, o is the increase in intensity after
an event, 1; are the event times, and x; are the event locations G(s) is an (optional) Gaussian
random field.

Spatial self-excitement kernel is given by K;(s — x;, t — 1) ~ Normal(0, Q" !), can either be time-

2 2
. Ox O0xO . _ Oy OO
independent where Q! = p ,” Jor time-dependent where Q' = K L 1% (1)
pGX0y Gy pGXGy Gy

for t > t;.

Spatiotemporal self-exciting process
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