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%p Podstata prediktivniho
- modelovani

e Doposud jsme se zabyvali problémem, jak pocitac
,vidi* geograficka data prostrednictvim popisnych
(deskriptivnich) technik a vytvari z nich oblasti s
urcitymi vlastnostmi.

e Dalsi logicky krok je pouziti , prediktivnich -
predpovédnich"™ technik k vytvoreni
extrapolacnich map predvidajicich budouci
podminky.

e Vyuziti v Fadé oblasti:

- Predikce kriminality.




The role of ‘place’ in crime

Two key considerations (Spencer Chainey)
e Crime has an inherent geographical quality
e Crime is not randomly distributed



Crime has an inherent
geographical quality

The four dimensions of crime:

Legal (a law must be broken).

Victim (someone or something has to be
targeted).

Offender (someone has to do the crime).

Spatial (it has to happen at a place -
somewhere, in space and time).



Crime is not randomly
distributed

If crimes were random:

— Equal chance of them happening anywhere at
anytime.

But crime is not randomly distributed
e Concentrated into places of activity
— Crime hotspots
e Series follow geographic patterns
— Serious and volume crime
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Predictive Crime Analysis

WHAT?

,Predictive policing in the context of place
Is the use of historical data to create a
spatiotemporal forecast of crime hot
spots.

WHY?

that will be the basis for police resource
allocation decisions with the expectation
that having officers at the proposed place
and time will deter or detect criminal
activity."



Risk terrain modeling
(RTM) is an approach to
risk assessment in which
separate map layers
representing the influence
and intensity of a crime
risk factor at every place
throughout a geography is
created in a geographic
information system (GIS).

Map layers are combined
to produce a composite
“risk terrain” map with
values that account for all
risk factors at every place
throughout the

geography.

Available in PDf - ask your
lecturer ©

Risk Terrain Modeling

Prediction

TemAIN Mopeune
COMPENDIUM

FOR CRIVE ANALYSIS




<

lee RTM steps

. Select an outcome event of particular interest
. Choose a study area

. Choose a time period

. Obtain base maps of your study area

. Identify aggravating and mitigating factors related to
the outcome event

6. Select particular factors to include in the RTM

7. Operationalize the spatial influence of factors to risk
map layers

8. Weight risk map layers relative to one another
9. Combine risk map layers to form a composite map

10. Finalize the risk terrain map to communicate
meaningful and actionable information.
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tec Step 1 -2
1. Select an outcome event of particular interest

Gun shooting incidents.

2. Choose a study area on which risk terrain
maps will be created.

The Township of Irvington, NJ.
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Step 3

STEP 3: Choose a time period to create risk
terrain maps for.

e Six month time period: January 1 to June 30.

o It is expected that this time period will
adequately assess the place-based risk of
shootings during the next 6-month time period
(July 1 to December 31).

e Data availability and comparability ?? Is it
really justifiable and valid for the Czech
Republic?



o STEP 4: Obtain base
maps of your study
area.

e Two base maps were
obtained from Census
2000 TIGER/Line
Shapefiles:

— 1) Polygon shapefile of
the Township and

- 2) Street centerline
shapefile for the
Township.
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lee Step 5
STEP 5: Identify aggravating and
mitigating risk factors that are related to
the outcome event.

e Three aggravating factors were identified based on
a review of empirical literature:

— dwellings of known gang members (habitual
offenders),

- locations of retail business infrastructure (bars,
strip clubs, bus stops, check cashing outlets, pawn
shops, fast food restaurants, and liquor stores),

— locations of drug arrests (places, where the police
action happened).




Step 6

STEP 6: Select particular risk factors to
include in the risk terrain model.

All three risk factors identified in Step 5 will be
included.

Raw data in tabular form (i.e. Excel spreadsheets)
was provided by the Township police and the
many datasets they maintain, validate and
update regularly to support internal crime
analysis and police investigations.

Attributes + addresses + time stamps + ??

State of the art of the investigation including
the punishment and legal procedure.



6 STEP 7: Operationalize
ZZFisk factors to risk map St ep 7

layers.

e The tabular data was
geocoded to street
centerlines of Irvington
to create point features
representing:

- the locations of gang
members’ residences |
(hiden on the map to - =
protect the gang AL
members), ' =

- retail business
outlets,

— and drug arrests,

respectively as three
separate map layers. :-""'-._
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Step 7a - gang member

residence

The spatial influence of the "gang members’ residences” risk factor
was operationalized as: “Areas with greater concentrations of gang
members residing will increase the risk of those places having
shootings.” So, a density map was created from the points of gang
members’ residences.

Spatial Analyst =
Distance 3
Interpolate to Raster 3
Surface Analysis ]
Cell Statistics...

Neighborhood Statistics. ..
Zonal Statistics. ..

Zonal Histogram ...

Reclassify...
Faster Calculator..,
Convert 3

Options...
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Inpuk data:

Population Field:

Density tyvpe:

Search radius;

Area uniks:

Cutput cell size:

Oukpuk raster:
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|Square Fest |
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Step 7b - infrastructure

e The spatial influence of the “infrastructure” risk
factor was operationalized as:

e "High concentrations of bars, strip clubs, bus
stops, check cashing outlets, pawn shops, fast
food restaurants, and liquor stores will increase
the risk of those dense places having shootings.”




Step 7C - the drug arrest

the “drug arrest” risk factor was operationalized as:

e “Areas with high concentrations of drug arrests
will be at a greater risk for shootings
because these arrests create new ‘open turf’ that
other drug dealers fight over to control."




%‘ Step 7 - map density method
e details

e Kernel density values were calculated
for each of the risk map layers so that
points lying near the center of a cell's
search area would be weighted more
heavily than those lying near the edge,
in effect smoothing the distribution of
values.

e Cells within each density map layer were
classified into four groups according
to standard deviational breaks. The
dark blue colored cells had values in the
top five percent of the distribution and
were considered the “highest risk”
places.



% Step 7d - distance from
Lec infrastructure

e The spatial influence of the “infrastructure” risk
factor was also operationalized as:

e "The distance of one block, or about 350ft
(app. 100 m), from a facility poses the greatest
risk of shootings because victims are often
targeted when arriving at or leaving the
establishment.”
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(e 7e - final operationalization

e We are only interested in knowing where places
are the most at risk for shootings, so we used a
binary-valued schema to designate the
“highest risk” places across all four risk map
layers.

e The highest risk places of each risk map layer,
respectively, will be given a value of “1”; all other
places will be given a value of “0”.

e All risk factors are operationalized as
aggravating factors, so these values will
remain positive.



Step 7 - reclassification




fGe Step 7 - final comparison

1 We nOW have four (final) -1 O Risk map layer of Distance from Infra
risk map layers, mo
operationalized from three | -o e sromy ororg e
riSk faCtorS. - O Eali map laver of Density of Infra

e Binary reclassification - 0 - 1 -

i The Ce”s Of different map = D%alémap laver of Density of Gang Member Residences

layers are the same size and 7 et £ st o o
were classified in a standad

way, the risk map layers can

be summed together to

form a composite risk

terrain map.
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Step 8 + 9 - Inter Risk Map
Layer Weighting and CRTM

risk map layers will carry equal weights to produce an
un-weighted risk terrain model. It is assumed, for example,
that being in a place with a high concentration of drug arrests
poses the same risk of having a shooting as being in a place
with a high concentration of gang member residences. Unless we

know better © !!
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STEP 10 - Finalize the Risk Terrain
Map to Communicate Meaningful
Information.

e Clip our risk terrain map
to the boundary of

Irvington.
— Risk Terrain for Shootings in Irvington, NJ .
ol "‘". ‘ ‘_:t.?‘,:;f't Diata from: January through June -4 i
oy : Y
y. e ‘\ Composite Risk Value .
‘;‘;d"-'q‘.f - . High : 3 _.-"“
;"‘ bt . * = Lo - 00 . 1
a8 .
_“’\.‘J)

e produce a final map with
shades of grey and layout.
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tec Step 10 - make the risk count

o convert the risk terrain map from raster to vector
we can (still using the regular structure
converted to square polygons):

e count the number of shootings that actually
occur in the high-risk areas during the
subsequent time period;

e calculate the square area of the highest risk
areas (i.e., places with a composite risk value of
3);
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Step 10 - make the risk coun

o Select all street segments within these areas to
inform police commanders about where patrols
might be increased.

e Operationalise the command and controll on the
day by day basis.

Stepwise Example - ArcMap - ArcView
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Composite Risk Value

Calculation of Risk Terrain

Risk map layer of Distance from Infra

Risk map layer of Density of Drug Arrests
Risk map layer of Density of Infra
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RTM validation

e’ Comparison with the
subsequent time
period (June 1 -
December 31) - high
risk RTM classes and
hot spot analysis of
actual shooting
accidents.

e About 50% (15 out of
31) of the shootings
during the subsequent
time period (July 1 to
December 31)
happened in these
high-risk cluster areas.




<

tee Things to remeber

e Remember, risk terrain modeling is only a tool
for spatial risk assessment; it is not the solution
to crime problems.

e You (the analyst) give value and meaning to
RTM, so be innovative in your thinking about risk
factors and how risk terrain maps can be applied
to police operations.



PODSTATA METODY
JADROVYCH ODHAU

Metodika idnentifikace anomalnich lokalit
kriminality (Horak a kol. 2015)

GIS4SG



%«- Metodika identifikace anomalnich lokalit
kriminality pomoci jadrovych odhadi
lec (Horak a kol. 2015)

e Cil - doporucit standardizovany postup vyuzivani
metody plosnych jadrovych odhadu pro
identifikaci anomalnich lokalit kriminality.

e Po krocich spravnée pripravit data, nastavit a
proveést potrebné analyzy a zajistit dosazeni
vhodného vysledku.

e Doporucuje pouziti jednotlivych variant
metody, optimalizaci jednotlivych parametru pro
jednorazova i opakovana reseni.
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tec Metoda jadrovych odhadtl

e Hlavni metodou pro identifikaci anomalnich lokalit,
které byvaji casto nazyvany jako hot spots, je
metoda jadrovych odhadl (kernel density
estimation) ¢i jadrového vyhlazeni.

e Jaka je hlavni nevyhoda??
e Zakladnim nedostatkem - subjektivita v intepretaci
vysledku.

e Stejna podkladova data mohou byt zobrazena
znacne rozdilné jen s vyuzitim rozdilného nastaveni
(o) ’
metody a zpusobu zobrazeni.

e Z tohoto duvodu je potfeba zvyraznit statisticky
vyznamne vysledky.
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Predpoklady uziti metody

Neni vhodna pro zobrazeni rozsahlych uzemi.
Vhodna pro mapy vétsich méritek (obce i jejich
casti).

Neni doporucena pro vetsi uzemni celky (okres,
kraj, CR).

Neexistuje také zadna hranice pro minimalni pocet
udalosti v oblasti.

Doporucujeme véak brat v potaz pocet bodu a
plochu analyzované oblasti. Pokud je oblast mensi,
je mozné pracovat i s mensim poctem udalosti.

\V pfipadé malych poctl na vétsi ploSe pouziti
jadroveého vyhlazeni neni doporuceno.



¢ Krok I -

iee PREDZPRACOVANI DAT

e Zakladni podminkou - kvalitni data.
e Nutné se zamerit na:

— spravnost a presnost souradnicového urceni
polohy,

— casoveé urceni,
— tematickeé urceni.

e Rozlisit pripady, kdy jiz zaznam deliktu obsahuje
souradnice, od tech kde je poloha vyjadrena
pouze adresou Ci jinym referencovanim.

e Pokud jsou body lokalizovany na jedno misto, tak
zde vznikaji umelé shluky, ktere mylné identifikuji
lokalitu jako anomalni. ReSeni - nahodné
rozmisténi udalosti podél/uvnitr lokalizovaného
objektu.
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Krok II - VOLBA METODY

KDE? v celé plose izemi vs vyskyt omezen pouze na jisté casti
uzemi.

jadrové odhady plosné (2D) a jednorozmérné (1D), modelujici
vyskyt pouze na liniich.

Obecné metoda jadrovych odhadu pfifazuje kazdému bodu v mapé
odhad intenzity na zakladeé vzdalenosti k ostatnim udalostem.
NemUzeme vs$ak tuto intenzitu pocitat pro kazdy bod, jelikoZ téch je
nekonecné mnoho, a tak je analyzované uzemi prolozeno Ctvercovym
gridem a intenzity jsou pocitany pro centroidy jednotlivych bunék.

V prvnim kroku je potreba vybrat metodu jadrového odhadu:
- Jednoduchy
— Dualni
Dale je nutné volit mezi jadrovym odhadem s dosahem:
- Fixni
- Adaptivni




@  Krok III - VOLBA NASTAVENT -
fee Vyhlazovaci funkce

A4 0 V4 7 V4 V4 V4

e sSest ruznych vyhlazovacich funkci: normalni,
rovhomeérna, kvarticka, kuzelova, kvadraticka a
zaporna exponencialni.

e nejcasteji se vyuziva kvarticka funkce,

Kernel function

s K()

./
S NS \/m
Y aVASE

point
/ /. Bandwidth
LSS S L i




Zavislost na zvolené
vyhlazovaci funkci

Trojuhelnikova vs. Gausova (normaini)
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Velikost bunky

grid = nezbytné spravne zvolit jeho prostoroveée
rozliseni.
Velikost bunky tohoto gridu ovlivauje ziskané

vysledky z pohledu detailnosti a take velikosti
souboru.

nehraje na pfesnost vysledku tak dulezitou roli,
jako dalsi dva parametry.

Jak stanovit? MBR (kratsi strana/150).

CR - mésta a obce velikost buriky 50 m.
Min=10 m.

Vyjimky?



Dosah (Sirka pasma)

Pro vysledky jadrovych odhadu je kliCova predevsim volba
dosahu vyhlazovaci funkce. Neexistuje zadné obecné
pravidlo, jak urcCit nejvhodnégjsi hodnotu dosahu.

Vzdy zalezi na prostorové distribuci bodu, typu udalosti a
meritku — zavislost dosahu konkrétniho trestného ¢inu.

Explorace (vyvoj uzemi) vs. ldentifikace anomalii (hot

spots).
Druh kriminality Druh kernelu | pasmo (m)
Loupez Kvarticka 200
Vytrinictvi Evarticka 200
Umyslné ubliZzeni na zdravi Ewvarticka 200
EradeZze motorovych vozidel Valcova 100
EradeZe véci z aut Valcova 100




50 - 200 - 400 m rozsah
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N ., Krok 1V -
= PROVERENI STATISTICKE VYZNAMNOSTI

o Vystup = grid s intenzitami udalosti, sam o sobé
neposkytuje informaci o vyskytu statlstlcky
vyznamnych oblasti a jeho interpretace je velmi
subjektivni.

. Nerou2|vaneJS|m postupem pro hodnoceni vysledkl
jaddrovych odhadu je Getis-Ord Gi* index.

e Pro vypocet Gi* doporuceno pouzit topologicke
okoli definované pohybem kralovny prvniho
radu. Doporucujeme zobrazit jen statisticky
vyznamneé vysledky na hladiné vyznamnosti
nejmeéne 95 %.

e Nasledné hranici téchto vyznamnych shluki
zobrazit spolu s vysledky jadrového vyhlazeni a
vyznacit v tomto vystupu hranice téchto statisticky
vyznamnych anomalnich oblasti.




Getis-Ord GI*

e Ukazatel vyznamnosti shluku.

e Gi* statistika vraci pro kazdy prvek v
datové sadé tzv. z-score.

e Statisticky vyznamné pozitivni z-score =
cim vétsi, tim je intenzivnéjsi shluk
vysokych hodnot (hot spot).

e Statisticky vyznamné negativni z-score =,
cim mensi z-score, tim intenzivnéjsi shluk
nizkych hodnot (cold spot).



GI a GI* statistika
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[oC | GI a GI* statistika

Srovnani lokalniho s globalnim
e Existuje lokalni prostorova asociace?
¢ Hodné vysokych hodnot v blizkosti bunky.
e Gi* hodnoty budou pozitivni pro vsechny bunky
e Hodné nizkych hodnot pohromadeé
e Gi* hodnoty budou negatvni pro vsechny bunky
e Priklad: Pro hodnotu 9 v centru vzorku plati:
Gi* value = 4.1785
e Gi* hodnota je pozitivni

e V realativni porovnani (lokalni vs. Globalni) se jedna o
hodne bunek s vysokou hodnotou trestneho cinu.

o Jaké jsou miry??

o (a2 )1

1 [ ]
6 [11

1 1

o (1|01
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lee GI a GI* statistika

e Gi* vysledky jsou Z score

e Z scores indikuji umisténi dané hodnoty v datove
sadé vzhledem k pruméru, standardizované s
ohledem na smérodatnou odchylku (standard
deviation).

e Z =0 odpovida priméru
e Z < 0 méné nez primeér
o Z>0

e 7 score pouzivano pro urceni prahu spolehlivosti
a zhodnoceni statistické vyznamnosti.
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lee GI a GI* statistika

Statisticka vyznamnost

Z score hodnoty pro Urovné statistické vyznamnosti:

e — 90% significant: >= 1.645

e — 95% significant: >= 1.960

e — 99% significant: >= 2.576

e — 99,9% significant: >= 3.291 (shluk trestné Cinnosti)

e Univerzalni Z score bez ohledu na typ trestné
cinnosti, umisténi, velikosti Gzemi...

e Priklad:
e Gi* hodnota = 4.1785
e Vetsi nez 99.9% vyznamnost!



Statisticka vyznamnost

Finalni vysledky zobrazujici statisticke vysledky na
hladme vyznamnost| 95 % (vlevo) a 99 % (vpravo)
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e Staci to?? Kde je problém?



¢ Jak zlepsit zacileni
na vyznamne
oblasti?

e Testovat statistickou
vyznamnost jen na
nejvyssich hodnotach.

e Kombinovany postup,
z vysledku jadroveho
vyhlazeni vybereme
jen 20 % nejvyssich
hodnot a z téchto
hodnot vybereme jen
statisticky vyznamné
vysledky metodou
Gi*.

Statisticka vyznamnost

&




POSTPROCESSING A
VIZUALIZACE

e Vizualni omezeni — podpora rozhodovani dle
zadani a uzivatelské skupineé.

7 (

IGC ¥

10% nejvyssich hodnot

1km




e Vizualizace (alternativni)

e metody zobrazeni - vicebarevnég,
trojrozmerné a izoliniove.

« Skaly, podklad (topo), ortofoto.

Izolinie 10% nejvy3sich
nenulovych hodnot

Original Radius=2 Radiuz=3




