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file:///Users/martin/dev/gia/lectures/06/gis_in_archaeology05.pdf

Leftover from last session

e Your layer comes in one projection (EPSG 4326, LatLong WGS84), but you would like to
make an analysis requiring a meter-based projection?

o Solution: Reprojecting the layes

 to start: Please download this QGIS Project and unzip it to a location of your choice
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https://github.com/BernCoDALab/gia/raw/main/lectures/06/data/14c_data.zip
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Open a QGIS Project

e open the containing 14c_data.qgz as QGIS Project

o all layers (if still at the correct relative path) should be loaded immediately
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Check the CRS

« first, set your project to the correct CRS (here: EPSG 2056
» look to the individual layers to check if these layers have this projection
o can be done by hovering the mouse over the layer in the layer pane

* it turns out, the point layer is in EPSG 4326
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Reproject Layer

» Select 'Reproject Layer' from 'Vector > Data managmenent tools'

» Select your project CRS as target CRS

e Click on 'Run’
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Saving reproject layer

e Currently, the layer is a temporary layer
» to work with it, it is more save to export it to a shapefile or GeoPackage

» please keep a reasonable file structure

o eg. separating raw data from processed data
o eg. separating raster from vector (also best separated)
o indicate the projection system in file and folder names
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Visualising densities

Heatmaps

7131

Heatmaps are one of the best visualization tools for dense point data

Heatmap is an interpolation technique that useful in determining density of input features
Heatmaps are most commonly used to visualize crime data, traffic incidents etc.
QGIS has a heatmap renderer that can be used to create an raster from a point layer.
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Source: Berner Zeitung; https://archaeologyireland.ie/
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Heatmaps
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 technically, Heatmaps are produced using a technique called KDE (Kernel Density

Estimation)

* individual points are 'blurred' using most of the time a gaussian distribution (Kernel) with

specific parameters

e these 'blurred’ points are combined

e the values are represented by a raster
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KDE - what to consider

b

u

b
UNIVERSITAT
BERN

o Settings to influence: bandwidth and resulting resolution
» Also, like most processing tools, it operates only reasonable in projected CRS (meter

based)

Bandwith
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.........

KDE hotspot legend
W High density
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F E

2
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Figure 7. A comparison of KDE hotspot maps generated using the same cell size but with different bandwidth
sizes (a) 100 metres (PAI of 119.3) and (b) 800 metres (PAI of 40.4)

Different bandwiths result in more isolated
vS. more homogeneous result
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Resolution

KDE hotspot legend
| ]

ity

Figure 6. A comparison of KDE hotspot maps generated using the same bandwidth but with different cell sizes (a)
30 metres (PAI of 7.0) and (b) 240 metres (PAI of 7.0)

higher resolution results in smoother details,
but are more memory, space and time
consumptive

Source: Chainey 2013



Heatmap in QGIS

» tool is 'hidden’ in the toolbox
o type 'Heatmap' in the search field
« click on tool
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G interpolation

- Heatmap (Kerndichtenschatzung)

Orehung 00"

@ ersca0ss

Projekt Bearbeiten Ansicht Layer Einstellungen Erwelterungen Vektor Raster Web Netz Verarbeltung Hile

1 ERR Qe rplpPPrra BelOR aBEF:= i
4 =8 Se Qe - B
Browser ©8] | [ Parameter | Protokoll Erarbeitungswerizeuge ET)
nevto Punktyer p2 2 0@ 9 A
ata_eps e hestm =
» " Rsumliche Lesezeichen ek cosesE Epas 2022) & [ @ Karzlich verwendet
+ o projecverzechls Q interpolation
» & Home Radius tmap (Kerndichtenschatzung)
A 100000000 ] [tometer -
7 Spoaite ouputraster s
B PostGls
P MssaL Zeilen 1000 <| spaiten  |1149. =]
@ os2 =] |
oo s Puclbrete 935540550 |2 Penone [ 335540550 |2
v . r "
Radius aus Feldfptional]
© ArcGl-Feature Diest -
* GeoNode Kernel shape
- quadratisch =
== e i =
“ QY B0 0,000000 ald
¥ © 4c_data_epsg2056 Output value scaling
¥ B kantonsgrenzen Kakant19970 . —
Heatmap
I erporare Dateispechen J
¥ Oftne Ausgabedate nach rtlrekher AusUrung
[ o%
ElHelp || Als Batchprozess starten. X Close [ @starte.

Koordate| Sssseziisseres |95 Mt 137023 |+ | @ Vergsterung 1009 [2) Didung 007 2| v] Zechnen @ EPSSa056

o

2 Zu suchender Typ (Strg+K) g s Lgende getach

u

b
UNIVERSITAT
BERN




Heatmap in QGIS (2)
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select your point layer
select the radius (ie. the bandwith) in
map units (meters, km, ...)
select output size (in number of cells or
with of pixels)
advanced options:
o individual radius and weighting can
be taken from attribute table
o shape of the kernel can be selected
o output density can be scaled
export to temporary folder
add to map if finished
click on 'Run’
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Heatmap in QGIS (3)

Result

e you should see a grayish blob over your
points, lighter where more points are...

Troubleshooting

« if you do not see anything, your
bandwith might have been to low...
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Styling heatmaps in QGIS (1)

heatmaps are best shown using a color ramp in pseudocolor and some transparency
add layer properties > symbology

select pseudocolor

go to transparency and select eg. 50%

(=) (0] (&) (K] (%) (=]
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Styling heatmaps in QGIS (2)

« alter color ramp and transparency until your satisfied
» you might like to add a background map and remove the cantonal borders
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Density (Point Pattern) Analysis

Motivation

e most basically tries to answer the Distribution of mean NND
question if data are clustered, regular
spaced or random

» uninfluenced spatial processes tend to
produce random patterns

» Complete Spatial Randomness

L L ° °
Clustered Random (CSR) Uniform (dispersed)

https://gistbok.ucgis.org/
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https://en.wikipedia.org/wiki/Complete_spatial_randomness
https://gistbok.ucgis.org/

Archaeological Motivation

 clustered patterns result from 'attractive'
processes
o if the presence of one object makes
other objects more likely
o eg. burial sites: usually, we have
burial grounds/areas, so that burials
tend to be clustered in the
landscape
e regular patterns result from 'repulsive’
processes
o if the presence of one object makes
other objects more unlikely
o eg. settlement sites: usually,
settlements need some
area/hinterland, so that settlements
tend to be more regular in the
landscape
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Distribution of mean NND

clustered random disperse

d o o
Clustered Random (CSR) Uniform (dispersed)

https://gistbok.ucgis.org/


https://gistbok.ucgis.org/

Nearest Neighbor Analysis

Average Nearest Neighbor (ANN)

measures the average distance of TN

neighboring data points from a given
observation. If it is compared with a
theoretical random average distance, it tells
much about whether data points are

clustered or dispersed.
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Average distance of nearest neighbors are shorter in the left. Source:
https.//towardsdatascience.com

NearestNeighborDistance = d(NN) =

Yo, min

(dzy)

N

Theoretical Random Distance = d(ran) = 0.5 4/ %

NearestNeighborindex = NNI = ———


https://towardsdatascience.com/

Nearest Neighbor Analysis

NearestNeighborindex = NNI =

d(NN)
d(ran)

 if the index is below 1, the points tend

to be clustered

 if the index is above 1, the points tend

to be regular

« if the index is around 1, the points tend

to be random
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Nearest Neighbor Analysis in QGIS (1)

(not the most developed function in QGIS yet)

o Select 'Nearest Neighbor Analysis' from 'Vector > Analytical Tools'
e Select input Layer and press 'Run’
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Nearest Neighbor Analysis in QGIS

(not the most developed function in QGIS yet)

» Result not obviously present...

e Click on Link in the 'Result' pane
 result should pop up in a browser window. Here: Strongly clustered!
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Nearest Neighbor Analysis in QGIS - try it out

(not the most developed function in QGIS yet)

» Load the this point layer and add it to your map
e Run Nearest Neighbor Analysis
* Is the result consistent with your expectations?
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% Zufalliger Ausschnitt
- @ Vektorerzeugung
*'% Zufallige Punkte aus Linien
% Zufsllige Punkte entlang einer Linie
Zuféllige Punkte in den Layergrenzen
Zufsllige Punkte in Grenzen

~ & GRASS

- Raster (1)

& r.random

@ rrandom.cells

@ rrandom.surface o
Ergebnisanzeige )

Nachster Nachbar [02:55:23]

# Nachster Nachbar [02:45:24]

Algorithm: Nichster Nachbar

File path: /tmp/processing_wwEaX:
2824303dd7d5495€82704455bd700bS|
OUTPUT_HTML FILE html

% Drehung 00° 2|V zeichnen  @EPSG2056 @
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file:///Users/martin/dev/gia/lectures/06/data/simulated_points.zip
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Nearest Neighbor Analysis - Restrictions

» what we consider regular is strongly
scale dependend

e also, some processes might be regular S
in one scale, while clustered in another

BRPRLREPFK s s & 5
ALV A m B =6 R Qe o
-8 h B e

o8

e eg. burials around settlements: ey s ST RN
o Settlements might be regular O g g
spaced ST
o Burials might be clustered around o35 e o SN
settlements .
o if we have only the burials, in the
landscape the might have a similar . Y s

structure like the example
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Neighbor Analysis over multiple scales

The K function

The K-Function (or Ripley's K) measures
distances between all points in space rather
than just the neighbors as in ANN. It also
helps to understand how clustering or
dispersion of data occurs in different
distances from its center (the centroid).

Statistically
significant
clustering

Statistically
significant
dispersion

T
0 20 40 60 80 100
Distance

Observed pattern

Statistical significance of Ripley’s K function. Source:

https://gistbok.ucgis.org

23131

T
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Expected pattern in CSR
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T
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K-Function describing how clustering occurs in different scanning
horizon from the center. Source: https://towardsdatascience.com


https://gistbok.ucgis.org/
https://towardsdatascience.com/

K-function in QGIS

There is none...

Sorry!

But we can implement one ourself:

Using R within QGIS: You might to need to install the 'R Processing Provider' Plugin!
After that, please restart QGIS

The following will not work if R is not already installed on your computer!

(R is a very powerful statistical environment/language! Learn more next semester in my
statistics course...)

You might like to download R to follow along: https://cran.r-project.org
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https://cran.r-project.org/

US|ng R In QGIS (1) by

e In the Toolbox , click on the R Symbol in the upper toolbar
o Select 'Create New R Script'
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Using R in QGIS (2)

 in the small window, paste in the code
on the right side
e save it as 'ripleys K’

ripleys_k.rsx - R Script Editor X

Cl (=] [}
a7
7 — 3

4 library("maptools")
5 library("spatstat")
6 points=as.ppp(Layer)

7 K=Kinhom(points)

g8 kf.env <- envelope(points,

9 | | | i Kest,

10 | | | i correction = "Ripley")
11 plot(kf.env)
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##Vector Analysis=group
##Layer=vector point
##showplots

if (
!requireNamespace (
"pacman",
quietly = TRUE)) -dinstall.packages("pacm:

pacman: :p_load(spatstat, sp)

points=as.ppp(Layer)
K=Kinhom(points)
kf.env <- envelope(points,
Kest,
correction = "Ripley")
plot(kf.env)



Our own K-function in QGIS

Now, we can use this function to analyse our layer:

* in the toolbox, find the script under 'R > Vector Analysis > ripleys k'
e Open it, select the simulated points as layer

e 'Run'’

» Inspect the result in by clicking the link in the Result Pane

kf.env
*|Z =0 N
Q@ e .
- Kops(r)
ripleys k &} -
P e Kiheolr)
® A
I}
- Kpi(r)
)
Kio(r)
%
- = <
. T -
caerpot
@
L
& riersk
X =
Ergebnisanzege o8 =4
+
&
S
Le/RPLOTS. "} 0
X o
S
¥
o Fi
A aten e | @ i b= : - - - -

0 50000 100000 150000 200000
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Result Ripleys K

» below 50 km Distance, we have clustering
e above 50 km Distance, we have a regular pattern

(I simulated the data accordingly...)

A
/ kf.env
Statistically .
significant — Kops(r)
clustering z Kineolr)
@ ] A
'f_’- Khl(r)
K K(o(r)
/ Statistically pa
significant = &
dispersion T -
/ =
*
S
w
I I \ T T \ >
0 20 40 60 80 100 120 140 160 180
. 8
Distance @ -
8 T T T T T
Observed pattern 0 50000 100000 150000 200000
Expected pattern in CSR

r
= === = High and low confidence envelop
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What We've Covered

Reprojecting Vector Layers

Creating Heatmaps

Nearest Neighbor Analysis to identify global Regularity/Clustering

Ripleys K function to identify Regularity/Clustering on different spatial scales

(this is already quite advanced stuff)
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Homework

Select a arbitray point layer (the more archaeological the better)

Make a heatmap

Conduct a Nearest Neighbor Analysis

Send me the shapefile of the points, a map of the resulting heatmap and the result of the
Nearest Neighbor Analysis
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uestions?

Lovers Beach o

Divorce Beach @

You might find the course material (including the presentations) at

You can see the rendered presentations at

You can contact me at



https://www.instagram.com/sadtopographies
https://github.com/BernCoDALab/gia
https://berncodalab.github.io/gia
mailto:martin.hinz@unibe.ch

