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M
otivation

•
Crim

inology is the study of crim
inal behavior in general

•
There

have
been

m
any

studiesthatattem
ptto

explain
crim

inalbehaviorfrom
various

angles
•

G
ender

•
Race/im

m
igrantstatus

•
Socioeconom

ic status
•

Religion
•

Psychological traits
•

Etc.

•
W

e w
ould like to use as m

uch inform
ation as possible to try to m

anage crim
e.



Introduction to D
ata

•
O

pen data from
 the U

nited K
ingdom

 
about policing in England, W

ales and 
N

orth Ireland

•
Specifically, w

e w
ill focus on crim

es in 
the G

reater London area
•

D
uring

M
arch

2017
only

•
Look

only
atcrim

es
thatdisrupted

the
“publicorder”
•

“O
ffenses w

hich cause fear, alarm
, or 

distress”



Caveats w
ith the D

ata
•

D
ue to privacy concerns, the data is som

ew
hat lacking detail

•
N

am
ely,w

hile
the

data
containsthe

m
onth

and
yearin

w
hich

the
incidentsoccurred, 

it does not contain even the actual date
•

H
ow

ever, the data should com
e in chronological order

•
For the purposes of this presentation, w

e assum
e the events are evenly spaced out.

•
Also, locations of crim

e incidents are shifted slightly from
 their actual locations

•
Shifted to center of the nearest street or to a public place such as a park 



O
riginal D

ata of Crim
e Incident Locations

F
ull O

riginal D
ata

Sam
ple that w

e w
ill w

ork w
ith



D
iagnostics –

F, G
, and J functions



Fitting a H
aw

kes Process
•
λ(t,x,y)=

μ
ρ(x,y)+

𝜅
σ{t′,x′,y′:t′<

t} g(t−𝑡𝑖 )g(x−𝑥
𝑖 ,y−𝑦

𝑖 )

•
W

here:
•
ρ(x,y)=

1
𝑋
1 𝑌1

•
g(t)=

β𝑒
−
𝛽𝑡

•
g(x,y)=

𝛼𝜋
𝑒
−
𝛼𝑟

2, 𝑥
2+

𝑦
2
=
𝑟
2

•
O

ver the space S = [0, 𝑋
1 ] x [0, 𝑌1 ] in tim

e [0, 1]. H
ere, w

e set 𝑋
1
=
𝑌1

=
1, so over unit square. 

•
Param

eters: 𝜇,𝜅,𝛼,𝛽

P
aram

eter
𝜇

𝜅
𝛼

𝛽
E

stim
ate

36.185
0.605

4.528
705.646

Std. E
rror

21.503
0.043

0.324
69.656



Super-thinning on Fitted H
aw

kes Process

Super-thinned P
oints on U

nit Square
Super-thinned points on L

ondon



F, G
, and J functions on Super-thinned fitted H

aw
kes



Fitting an Inhom
ogeneous Poisson Process

•
λ(t,x,y)=

𝛽
1 +

𝛽
2 𝑥

+
𝛽
3 𝑦

•
O

ver the space S =
[0, 1] x [0, 1] in tim

e [0, 1].

•
Param

eters: 𝛽
1 ,𝛽

2 ,𝛽
3

P
aram

eter
𝛽
1

𝛽
2

𝛽
3

E
stim

ate
26.298

-27.656
27.137



Super-thinning on Fitted Poisson Process

Super-thinned P
oints on U

nit Square
Super-thinned P

oints on L
ondon



F, G
, and J functions on Super-thinned fitted Poisson



Conclusion and Further Extensions
•

The H
aw

kesprocessand Poisson process seem
 to do as w

ell as each other in fitting 
the data
•

Thatis,they
both

fitreasonably
w

ellbutdon’tfitexcellently

•
O

verall,m
ore

can
be

done
to

furtherexpand
the

project
•

Analyze
differenttypes

ofcrim
e

(theft,drugs,arson,etc.)
•

Look at data over several m
onths

•
Look

ata
biggersetofdata,notjusta

sam
ple

•
G

etbetterdata
–

w
ith

m
ore

details
abouteach

incident as w
ell as m

ore exact tim
e and 

locations
•

Fit even m
ore m

odels (like Poisson processes of different form
s, m

odels w
ith covariates, 

repulsion m
odels like the G

ibbs, Strauss, and M
atern

processes) 
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Thank you for listening!


