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multi-scale infrastructure systems analytics

Part 1:

— Basics of spatial data

— Coordinate systems

— Data management

— Common analysis methods

Part 2:

— MAUP

— Working with data in different geographies
— Networks

~10 minute discussion after each part
* Please ask questions as | go along!

Engineering and Physical Sciences
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TRC svar |  Spatial data types

multi-scale infrastructure systems analytics

e 2 types of spatial data
— Vector

* Discrete data
* Eg. Points, lines, polygons

— Raster
* Continuous data
* Eg.Images, maps

 Both handled in GIS systems (Arc, QGIS)
e Libraries for different programming languages
e Types of analysis possible varies per data type

Engineering and Physical Sciences
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multi-scale infrastructure systems analytics
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. Spatial data types - vectors

FID Shape* | OID_ Toid Fi Version VerDate Theme CalcArea Change DescGroup

4 0 | Polygon 0 | 1000030209612 10021 2| 2001-11-05 | Buildings 17.212736 | 1982-09-24 New Building

1 | Polygon 0 | 1000030209703 10021 2 | 2001-11-05 | Buildi T0.0744 | 1982-09-24 New Building

2 | Polygon 0 | 1000030209595 10021 2| 2001-11-05 | §7.415344 | 1982-09-24 New Building

3 | Polygon 0 | 1000030209607 10021 2 | 2001-11-05 | Buildings TT.077488 | 1982-09-24 New Building

4 | Polygon 0 | 1000030209584 10021 2 | 2001-11-05 | Buildi T4.72728 | 1993-07-15 Modified Building

5 | Polygon 0 | 1000030209587 10021 2| 2001-11-05 | 11.4616 | 1982-09-24 New Building

6 | Polygon 0 | 1000030209572 10021 2| 2001-11-05 | Buildings 182.052454 | 1982-09-24 New Building

7 | Polygon 0 | 1000030209700 10021 2 | 2001-11-05 | Buildi §8.233616 | 1982-09-24 New Building

& | Polygon 0 | 1000030209514 10021 2| 2001-11-05 | 54 558552 | 1982-09-24 New Building

9 | Polygon 0 | 1000030209505 10021 2| 2001-11-05 | Buildings 9.432736 | 1982-09-24 New Building

10 | Polygon 0 | 1000030209595 10021 2| 2001-11-05 | Buildi T7.996255 | 1993-03-01 Modified Building
T —— = P P e rrarar— - — =

o4 1 v n [E[S ] ©outof 59127 Selected)

Mewcastle_Buildings




ITRC . - Spatial data types - vectors

multi-scale infrastructure systems analytics

* Points

— Single x,y coordinate ®
* Lines (polylines)

— A series points (x,y coordinates) ./‘\N
* Polygons

— Assingle line

— Start and end coordinates are the same

Engineering and Physical Sciences
|||||||
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e Continuous data

e Raster resolution: compromise between detail
and storage size
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A way of specifying a location on earth
— Eg. X Y,H
Hundreds of coordinate systems

— Each has a unique SRID
— Spatial Reference ID

Geographic and Projected systems

Each coordinate system has its own
datum for height

Research Council
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e Geographic
— Based on a model of the
surface
— Latitude & longitude

— Angular measurements

* Projected

— 2 dimensional projection of
the surface

— Will always be distortions
— Eastings & Northings
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http://blog.karmona.com/wp-content/uploads/2010/10/Image34.gif
http://blog.karmona.com/wp-content/uploads/2010/10/Image34.gif

WGS84
— Geographic system

— SRID: 4326

— GPS data

— 51.758786, -1.2537852

* OSGB36

— Projected system
* Easting & Northing

— SRID: 27700
— Datum: Newlyn
— 451601, 206941 (SP)
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 Data can be converted between coordinate systems

— Can introduce errors though

* Most GIS I —r—— R

Input Dataset or Feature Class
I';arnple_ aaaaa 1

SYSte Mms / tO O | S a | | oW Input Conrdinate System (optional

| British_tuational_Grid

4

L]

2 & |2 |3

Cutput Dataset or Feature Class

CO nve rS I O n S I H:VArcGIS\Defaulk. gdbisample _areas1_Project1

& CQutput Coordinate System

- A rC : P rOj e Ct to O I !Eeographic Transformation {optional)

|

— QGIS: Define
projection when
saving as new layer

— GDAL... 5

(a]4 Cancel Environments. .. | Show Help == |

el x|+
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* Shapefiles

— Store vector data

— Points, lines and polygons

— 4 core files: .dbf, .shp, .shx, .sbn

— May also include others: e.g. .prj

[~ by _roadnebwork,. ==

g—

Research Council

—

|| bw_roadnetwork, dbf
|| bw_roadnetwark., pri

|| bw_roadnetwork, sbn
|| bw_roadnetwork, she
|| bw_roadnetwork, shp
|| bw_roadnetwork, shp

|| bw_roadnetwork, she

10/22/2015 9:29 Ph
102212015 9:29 PM
10/22/2015 9:29 PM
102212015 9:29 PM
10/22/2015 9:29 PM
10/22/2015 9:29 PM
102212015 9:29 PM

DEF File
PR.J File
SBM File
SB File
SHP File
&ML Document
SH File

164,962 KB
1 KB

1,094 KB
47 KB
28,065 KB
ERAE

920 KB



multi-scale infrastructure systems analytics

ITRC o - Data management

 Geodatabase’s — Arc only
— A folder for shapefiles
— Feature class = shapefile

— Feature dataset = sub-folder
* Contains feature class’s

e All with the same coordinate
system

Engineering and Physical Sciences
RRRRRRR

= EJ A_Felder

= ¥ A_Personal_Geodatabase.mdb
= [ A Feature_Dataset
[%*] A_Point_Feature Class_Inside A_Dataset
A_Polygon_Feature_Class Inside_A_Dataset
A_Polyline_Feature_Class_Inside_A_Dataset
%] A_Point_Feature_Class
A_Polygon_Feature_Class
A _Polyline_Feature_Class
# A Raster Dataset
= B A Toolbox
& A_Toolset
= [0 A_CAD_Feature Dataset.dxf
E] Annaotation
&) MultiPatch
E] Point
Pelygon
Polyline
(] A_Point_Shapefileshp
%] A_Polygon_Shapefileshp
A_Palyline_Shapefile.shp
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* Editing/Adding
points/lines/polygons

— Best done in a GIS
package, but can be
programmed

— Editor toolbar in ArcMap

— Edit button in QGIS

— Move and modify
existing features

— Create new features
— Shapping

Editing data (digitizing)

Editar*lm".l./r‘ﬂ ------ SN Nth A R B NIE

J QGIS 2.14.1-Essen
Project Edit \iew Layer Settings Pluging Vector Raster Database

NEBROR @@»ﬁ)ﬁ

Y /IBR o-®Rabi<o B
Layers Panel
RTINS
@. lad 2011 ‘
Snapping - X

lc;

Snapping ~ ED | H | O |,D'
. Use Snapping

Intersection Snapping

A Midpaint Snapping

(7 Tangent Snapping

Snap To Sketch
snap To Topology Modes

Options. ..

D T e TR

[
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: : hidred K|
 Adding attributes e |
— Can be done from attribute tables Tpe [ShoIntege -l

. ~ Field Proper| Long Integer
— Column data types restrict data e 5%,

stored e.g. ArcGIS: pae

Datatype _|Dataranges ___________|siee TSN

Short integer -32,768 to 32,767 2
Long integer -2,147,483,648 to 2,147,483,647 4
Float Approx. -3.4E38 to 1.2E38 4
Double Approx. -2.2E308 to 1.8E308 8
text Text

date Dates

£E m
(7))
2 n
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: s -
m’StraI FID | Shape *| id 3 - -
' 0 |Polygon | 43 |Edinburgh = Sort Ascending
1 |Palygon 71 |Medway Towns =  Sort Descending
2 |Palygon | 104 |Rhondda, Cynon, Taf Advanced Sorting. ..
3 |Palygon | 125 | Telford and The Wirek
4 |Polygon -1 [EMPTY Surmarize. ..
5 |Palygon | 136 West Midlands
e, o ° E |Palygon 22 |Cheshire East
® E d It I n g att rl b u te S 7 |Paolygon 23 [Cheshire Wiest and | [Z] Field Calculator,..
& |Palygon 9 |Blaenau Gwert Calculate Geometry...
9 |Palygon 10 |Bournemouth ;I
s Turn Field CFF
— Manually W o mEE ¢ M
. Freeze/Unfreeze Column
] l . . ,
* Need to be in ‘editing mode m X —
[ Properties...
Field calculator i
Ie Ca Cu a (} Field calculator

I~ only update 0 selected features

* Create more complex updates P crestzanew i Updace et e

™ Create virtual field

Cutput field name |
[} |id
. Sutput field bype IWhDIE number {integer) LI
a C u a I I l g ge O I I I e ry Output Field length |1U ﬂ Precision |D j
Expression I Function Editor I

— Area, length etc. = = .

[ manipulating colors
[+ Conditionals

[+ Conwersions

— QGIS: Field calculator

* name
S BULL
- zone_id
“gor_id
- Fuzzy Matching
- General
|- Geometry
- Math
t| Operators

— Arc: Calculate geometry

- Record
|- String
- Vatiables

-

K1 Bl

Qutput preview:

‘fou are editing information on this laver but the laver is currently not in edit mode. IF you click Ok, edit mode will
aukomatically be turned on,

{o]4 I Cancel Help




T RC i - Common spatial processes

analytics

* Buffers

* Clip

* |ntersect

* Tabular data
* Selections
* Joins

Engineering and Physical Sciences
Research Council
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multi-scale infrastructure systems analytics

e How to do a buffer

— Create a polygon around
existing features with a
set distance

* Dissolving buffers
 Multiple (ring) buffers

EPSRC

Engineering and Physical Sciences
Research Council

. Untitled - ArcMap - ArcInfo

Fie Edt View Bookmarks Insert Selection Geoprocessing Customize  Windows Help

Tal
8|
Bl £ Layers
= £ p\patalcr.
E & TR_LU_RaiZones

= L Di\Datalch

[ water_resource_zone _v

D ES BB x| 0 o bz Tl EEE R T P g
RGO e F-EIN0 /B (2MAR I EIEN

ArcToalbox B

I [=] E3

[ ArcToolbox
B9 20 Analyst Todls
-8B Analysis Tools
& Extract
& Overlay
&y Proximity
., Buffer
%, Create Thiessen Polygons
%, Generate Near Table
§' Mulkiple Ring Buffer
hear
": Point Distance

\ Buffer

« Input Features

« Output Feature Class

o Distance [value o field]

51 o

—|| Buffer

youBas @ BojeyE) n;'

= E3

Creates buffer pelygons
around input features to a
specified distance. An

& Linoa it optional dissolve can be
performed te combine

[ Meters overlapping buffers.

" Field

Side Type (aptional) wear

[FuLL =l

End Type (optional) i

ROLUND =]

Dissolve Type (optional) *

[ rore |

Dissolve Field(s) (optional) .

] Y — _'l_I
ok | cawel | Envioments..|  <<Hdetep | Taolbelp |
1 rlaale ol I
651394.567 1016462.963 Meters 4

Plugins | Wector Raster Database “Web Processing  Help

K

e . —

—

GP3 L

OpenStrestiMap L

Spatial Query L
Topology Checker .
ﬁ Analysis Toals 4
ﬂk Research Tools L
19 Geometry Tools b Buffer(s)..
a [ata Management Taols — # @ Intersect. ..
' Uniari. ..
=
[ %

Clip...

L1 1

Dissolve. ..

Coordinate Capkure ’ Ip p &Ca |’__1 %
DxfF2Shp L
g X

Convex Hull(s). ..

Symmetrical Difference. ..
Difference. ..

Eliminate Sliver Polvgons. ..
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multi-scale infrastructure systems analytics

* What does clip do?

“Extracts input features that overlay the clip features.
Use this tool to cut out a piece of one feature class using
one or more of the features in another feature class as a

277

‘cookie cutter’”,

e Used to cut datasets down e.g. to your area of interest

Clip features Resulting data
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multi-scale infrastructure systems analytics

e What does intersect do?

— Returns the features which intersect, with overlaps forming
new features

-

e Useful for finding areas which fall within multiple
areas
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Selection | Geoprocessing  Cuskomize

% Select By Attributes. ..
E] Select By Locakion. .

e Selecting a subset of a dataset

e Select By Attribute
— Select features on a set of rules

B M 5 G

based on attribute values

Interactive Selection Method 3

Select By Attributes

Selection Optians. ..

(4 Attribute table - TR_LU_AirNodes :: Features total: 69, filtered: 69, selected: 0

T Show Al Featuresvl

T =T

= W T = = T o R

Laper. TR_LU_Kansones ]
P ET—— — T - = —
o T [ = [ £ LB #_-j [ £ AL @ + [~ Only show selectable layers in this list
id | name | aoneid | gor_id | ;| tethad: IEreate a new selection =]
1 Aberdesn 1 11
i] = =g E|
— () Select by expression - TR_LU_AirNodes HE
2 Birmingham g
! Expression I Function Editor | " "
5 3 Blackpool name
i 8 A o i e group Field -
4 Bournernout
3 Prame" = | [ Color_ _ Double click to add field name to
I 5 Bristal onditionals expression string. N : - —
4 DDFVEVS‘;U_'F_S Right-Click on field name to open context = < Like ‘Aberdeen City ﬂ
— = ol (D513 S TS menu sample value loading options. ! ire"
5 & Cardiff B} Figlds and values p g ot R so | and IAberd?emhlre
- o — -id Notes = _I _I— Angus
oncaster “name \ !
& i ‘ | ‘= Or | IAIg_I,JII & Bute .
?_ 8 Durham Tee: Zoneldld Values | Search B ath and Marth East 5omerset =
- gar_i =, I—I
|— - [+ Fuzzy Matching —| /°| [l | Mat | ‘I I b
g 9 East Midlanc - General
- B Geometry Iz Get Unigue Yalues | GoTa I
g 10 Edinburgh [#- Math
- E%--gperadtors SELECT *FROM TR_LU_RaiZones WHERE:
11 Exeter g V4= m m
10 B String hame'" = :l
— 12 Gatwidk [#- Variables
11
| 5 R
12 13 Glasgow I I —I Load values all unigue | 10 samples |
E 14 Heathrow Output preview:  Expression is invalid {maore infa) ;I
| & select [* Close | Clear | Werify | Help | Load... Save... |
15 Humberside
14
E 16 Inverness 59 11 0K I Apply Lloze |
I 17 e B mAfred 130 -
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e Select By Location

— Select features based on
their spatial location
with regard to another
layer

* Manual selection

Source laver:

[ TR_LU_RailZones

[T Use selected Features

(0 Features selected)

Spatial selection method:

|

Target laver(s) Feaktures intersect the Source laver Feakure

[

Target laveris) features intersect (3d) the Source laver Feature
Target laver(s) features are within a distance of the Source laver Feature

Target laver(s) feaktures are within a distance of (3d) the Source laver Feature

Target layveris) features contain the Source layer Feature

Target laver(s) Feaktures completely contain the Source laver Feature
Target laver(s) features conkain (Clementinid the Source layver feature
Target layver(s) features are within the Source layver feature

Target laveris) feaktures are complekely within the Source laver Feature

EPSRC

.

Plugins | Wector Rasker Database Web Processing  Help
Coordinate Capture ¢ i () ' | JJ
B Df2Shp ’ I >~ 2~ 26 il R
I GRS L g x -
1 OpenStrestiap , Recent Project
_— Foad graph *
Spatial Query *
Topology Checker *
ﬂ Analysis Tools L4
B Research Tools Random Selection. .,
@ Geoprocessing Tools / g Randorn Seleckion Wikhin Subsets. ..
) Geometry Toals ¥ = Random Foints...
Y

i Data Management Tools  * Reqgular Paints. ..

Meckaor Grid. ..

Select by Location, .,

Palygon From Layer Extent. ..
r

Insert  Selection  Geoprocessing
X| = o b~ I1:?‘,E??,?31

I -
k=
!
&
e
0

kK @

Select by Rectangle

;

Select by Polygon
Select by Lasso

Select by Circle

Select by Line
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Jain lets you append additional data to this layer's attribute table so vou can,
for exanple, symbalize the lawvet's Features using this data.

What dao you want to join to this layer?

(] J O i n by d a t a f30in attrbutes from s table =]

i Lk ribut:

1 g based on sg [al

— Two files have identical columns | L

2. Choose the table to join to this layver, or load the table from disk:

=
I waker_resource_zone_with_lad_areas_2016.txt j [_"_’ﬂ‘l

- Arc: right_click On Iayer —_ lJoin..’ IV shaw the attribute tables of layers in this list

3. Chaoose the field in the table to base the join on:

— QGIS: right-click on layer — ‘Properties’ | . -

 Jain Opkicns

& Keep 4l records
() Layer Proper R_LU iodes | Joins

All records in the target kable are shown in the resulting table.
Join layer | Join field |Target field IMe Unmatched recards will contain null values For all Fields being
appended inko the target table from the join table.

‘/
e ot ¢ keep only matching recards
@

o o If a record in the target table doesn't have a match in the join
[ ] a t I a J O I n i table, that record is removed from the resulting target table.
BB Fields
Join field
Yalidate Join |
IV Cache join laver in virtual memaory
I~ Create attribute index on join Field About Joining Data | OK I Cancel |

B [~ Choose which fields are joined

Target figld

1 1m

— Based on a rule

B [ Custom field name prefix

EPSRC

Style < | oK I Cancel Apply Help
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% Untitled - ArcMap - ArcInto

File Edit ‘iew Bookmarks Insert  Seleckion ¢

* Use ajoin to add to another NBES BB X0 & |
@Q@G::::#¢* - ] K

dataset with geography

* Tell the GIS what the spatial (T
columns are e
— Arc: right-click — ‘Add XY’
— QGIS: add a csv layer

[
B L8 D:\Data\cR

= E Open

Joins and Relates b

X Remove

Daka 3

Edit Features 3

B SH)8.

— Select columns with X and Y iy Locd el S —————
. i H7  Display Route Events. .,
data N m‘" E |5 Display v Data .
1 |'j" Properties...

1 FID, peoint att 1, peoint att 2, easting, northing
2 1, 240, 'Operational', 54123.34, 12348.78
3
4
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Databases

External to GIS systems

@ PostgreSQL

Spatially enabled databases allow spatial and non-spatial

data to be stored in a generic format

GIS systems can connect directly e.g. QGIS

Database stores all spatial information as well as attributes

e.g. Water Pumping stations

gid

integer

objectid
numeric{10,0)

unique_ref
numeric{10,0)

name

character varying{254)

postcode
character varying(254)

geom
geomekry

L= = R B = VI ) IR SR T B b I o

[
R

286354
327397
327402
328508
328510
328515
328533
583751
BE97AL
741245
754037
327364

18229077 Punp (Disused)
183347972 Pump (Disused)
15334782 Wind Pump

15341519 Pump

15341527 Pump

15341539 Pump

15341569 Punping Houze
15334771 Wind Pump (Disuszed)
15334773 Wind Pump (Dizus=ed)
15334759 Hydraulic Fam
15341524 Wind Pump

18334703 Pumping House

counky

character varying(254)
Dunfries and Galloway DG12
Cornmwall TR1%
Cornmwall TR1%
Dewon EX7
Devon EX7
Devon ExX7
Devon ExX7
Cornmwrall TR19
Cornmwrall TR19
Cornwall TR19
Devon EX6
Izles of Scilly TRZ4

0101000020346C0000000000002C641341000000007(
0101000020346 C00000000000055C50041000000005(
0l0loo00e03daco0000oooooooCope0041000000008(
0101l000020346C000000000000E0FS114100000000E(
0101000020346C00000000000058CF311410000000030
0101000020346C000000000000C8EFL141000000005(0
0101000020346C000000000000140C1141000000000¢
0101000020346C00000000000060BC0041000000004(
0101000020346C000000000000585C800410000000001
0101000020346C00000000000035650041000000005(
0101000020346C000000000000585F5114100000000D(
0101000020346C00000000000030CaF540000000008(



el  Data sources

multi-scale infrastructure systems analytics

 Main spatial data sources
— Ordnance survey
— Open street map (volunteer generated)
— Government departments (data.gov.uk etc.)

* Open source data v known data
— Limitations of open source data

Engineering and Physical Sciences
RRRRRRR



LRCS, ., ‘  Discussion (15mins)

multi-scale infrastructure systems analytics

* ~10mins in groups, 5mins open
* Data sources/reliability:

— Volunteered data e.g. Open street map v open v
commercial etc.

— Data verification

* Data management:
— Folders/databases?
— Version control?
— |Is everyone using the same version?
— How often should be data be updated?

Engineering and Physical Sciences
RRRRRRR
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multi-scale infrastructure systems analytics

* 2pm restart




ITRC

zz|m
2™
“©1n
il

@]

mistral

November 2016



ol Modifiable areal unit problem

* Problem caused by using spatial areas
— E.g. population density
— The density of a city changes on how you
draw the boundary of the city
— How do you split a geographical space
into areas where data is continuous

* Census example

— If a deprived area of a city is a zone itself,
it will be seen

— If the same area is split amongst other
zones, it might not bee seen

— Neither zoning pattern is wrong




— gmlstral

multi-scale infrastructure systems analytics

"~ Modifiable areal unit problem

* For us the problem is exacerbated by using
different geographies

e Given the same data, you can get different
results depending on how you aggregate it

* MISTRAL

— buildings, super output areas, postcode areas,
telephone exchange areas, local authority
district areas, council areas, government office
region areas, water resource zone areas,
substations.....




e 78  Modifiable areal unit problem

multi-scale infrastructure systems analytics

e 2 aspects

— /Zone
* The shape of the zone’s being used change

e E.g.from 2001 census boundaries to 2011 census
boundaries

e E.g. electoral boundaries

— Scale
e Different levels of scale are used for different results
(or inputs in our case)

e E.g.local authority district (380+) areas and
government office regions (11)

Engineering and Physical Sciences
|||||||



"~ Modifiable areal unit problem

 There is no ‘right’ solution

e Each solution will give a
different answer

* Need to think carefully
e Case by case basis

* Further reading
— S. Openshaw (1984)
— Fotheringham and Wong (1991)

Engineering and Physical Sciences
RRRRRRR



ITRC .. ‘ - Converting between geographies

multi-scale infrastructure systems analytics

* Area density values

— Estimate values based on density and zone sizes

e Spatial interpolation

— ‘the procedure of predicting the value of
attributes at unsampled sites from
measurements made at locations within the
same area (Burrough & McDonnel, 1998)

Engineering and Physical Sciences
RRRRRRR
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. Density approach

Calculate the density of a variable for each zone in
the data set

Intersect the current data zones with the target
data zones

Calculate the areas of the resulting zones

Calculate the values in each of the zones using the
densities and areas

Sum for the values for each target zone to get a
total value
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multi-scale infrastructure systems analytics

. Density approach

e (Calculate the density of a variable for each zone in the
data set

18

21

12

22

25

11

e Add Field > Field calculator

0.006

0.005

0.005

0.002

0.008

0.027

0.021

0.003

0.007
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1) Add Field 3) Calculate value — Field Calculator

—|—|Hv . By Ky 6 X 3 de a_acas
n =  Sort Ascending
M Find & Replace. ..
ia = i
B sSelect By attributes. .. area g 0 E sort Descending 4 F Id C I I
2316 553024 . )
= SIS 0 Advanced Sorting. .. e alculator
B Switch Selection 3:2;3?:23; i} Summarize. .. —e nte r fo rmu Ia e
[F] sekect &l - o
3742 447001 ¥, sStatistics... -
I| add Field. .. 1661 F29EE7 n Field Calculator | 7] %]
Turn All Fields On 1264253443 o | Field Calculatar... Parser
52363456 0 b & B Script  Puth
Shiws Field Aliases ~221 EEaAz Calculate Geometry... S AL
Fields: Type: Functions:
Arrange Tables 3 Turn Figld OFF — - 50
Restore Default Column \widths out of 9 Selected) h 9 itz Atni )
_ FreezeflInfreeze Column pE o Cost )
Restore Default Field Order d S| Exp( 3
. . = | ® Delete Field data_valus " Date 'I:II:EE g
2) Define field ) Los ()
" Properties... no_of_haus Sing{ )
dense_area Sqri )
Add Field 2] | Tan{ )
Mame: Idenae_area
[~ Show Codeblock .
B I [ R =
Type: : , dense_area = _I J _I _I _I _I
[data_value] / [area]| ;I
r— Field Properties
Precizion 1]
Scale 0
Clear Load. .. | Save. .. | Help |
Ok I Cancel
ok, I Cancel |
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* Intersect the current data zones with the target data
zones — attributes are copied as well

I
I

- 1% BR 0 E X

data_value area no_of_hous dens_area | data | FID_samp_1 Id_1 data_val_1 area_1 no_of_ho_1 -

FID Shape * FID_sample Id

3 0 |Palygon 0 0 12| 2315553024 S0000 0.005176 4 1 0 0| 1540101647 20000

1 |Palygan 0 0 12| 2315553024 S0000 0.005176 4 2 0 0| 1191.755656 29000

2 |Palygon 0 0 12| 2315553024 50000 0.005176 4 53 0 0| 1543121976 a000

3 |Paolygon 0 0 12| 2315553024 50000 0.005176 4 7 0 0| E23.361472 a0o0

4 |Palygan 0 0 12| 2315553024 0000 0.005176 4 g 0 0 1309.0564 24000

4 |Palygan 1 0 25| 833021579 36000 0026793 4 1 0 0| 1540101647 20000

G |Palygan 1 0 25| 833021579 36000 0.026795 4 7 0 0| E253.361472 G000

7 |Palygan 1 0 25| 833021579 36000 0.026795 4 10 0 0| 849576072 19000

g |Palygaon 1 0 25| 8933021579 36000 0.026795 4 13 0 0| 2199265151 21000 LI
4 | ]
4 4 1 » M E (0 out of 31 Selected)

sample_areas_jnterseck ‘
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e Calculate the areas of the

resulting zones

* Add field > Calculate geometry

Calculate Geometry |
1 are= oY 3 anll -
= . Property: A -
oon =  Sork Ascending roperty I rea J
0on = Sort Descending ~ Coordinate System
oo . ¥ Use coordinate systern of the data source:
Advanced Sorking. ..
000 |P-:5: British Maticnal Grid
Qoo Summarize. ..
0on Sl Statistics ™ Use coordinate system of the data frame:
ooa |F‘CS: British Mational Grid
Qoo Field Calculator. .
0on | Calculake Geometry. .. |J )
' Uriits:
Turn Field OFF
Freeze/Unfreeze Column [T Calculate selected records anly
= X Delete Field = Help | K Cancel
|_;—'_ " Propetties. ..
. T T



ITRC et | . Density approach

multi-scale infrastructure systems analytics

* Calculate the values in each of the zones using the
densities and areas

e Add field > field calculator

5.62 3.81 8.57 0.711 1.92 11.6
0.52
1.23 1.09 4.82
5.56 3.77
6.17
0171 0705 |0.395 5.60
2.51
165
10.5 11.9 11
1.56 0.90
11.7 0.423 0.066
4.35 8.74
1.23
0.191
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‘I - . - N I
Statistics Field(s) (optional)

Inpuk Features

e Sum for the

values for

I sample_areas_intersect

Cutput Feature Class

Ll

I D:\DatalCRisample_areas_intersect_disalvefll.shp

Dissolve_Field(s) (optional)

The fields and statistics with which to
summarize attributes. Text attribute fields
may be summarized using the statistics
FIRST or LAST. Numeric attribute fields

O ro may be summarized using any statistic.
e a C h ta r et 0O Fio_sample Nulls are excluded from all statistical
O calculations.
O data_value
E areaf N » FIRST—Finds the first record in the
ZO n e to g et no_or_hous Input Features and uses its specified
[ dens_area field value.
0O data _ « LAST—Finds the last record in the
t t | | FID_samp_1 | Ll_l Input Features and uses its specified
a O a Va u e field value.
Select Al | Unselect Al add Field | . SUM_—AddS the total value for the
° 23 Statistics Field(s) (aptional) specified field.
I S S O Ve ﬂ s MEAN—Calculates the average for
the specified field.
Field | Statistic Type e MIN—Finds the smallest value for all
area_val records of the specified field.

function)

4

[& [ [x |+

¥ Create multipart features [optional)

[~ Unsplit lines [optional)

OK

]

Cancel Environments. .. << Hide Help |

o MAX—Finds the largest walue for all
records of the specified field.

¢+ RANGE—Finds the range of values
(MAX=MIN) for the specified field.

e 3TD—Finds the standard dewation
on values in the specified field.

s COUMNT—Finds the number of values
included in statistical calculations.
This counts each value except null
values. To determine the number of
null values in a field, use the COUNT
statistic on the field in question, and
a COUNT statistic on a different field
which does not contain nulls (for
example, the OID if present), then
subtract the two values.

Taol Help
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 Sum for the values for each target zone to get a total
value (dissolve function)

Values in new areas Original areas and values
3.81 9.80 18
: : 13.5
5 22
11.2
7.15 12
3.77 6.17 5.99
434 117 21 25 11
11.7 31.7 6 9
6.81
1.42

wgm
("0
(7))

1@



measwical  Density approach

multi-scale infrastructure systems analytics

 Limitations
— Assumes uniform distribution across the zone

— Assumes variable distribution is a function of the chosen
parameter e.g. area or number of houses

* Advantages
— Quick method of switching between geographies
— Computationally simple
— Can be automated

Engineering and Physical Sciences
RRRRRRR



39"”' - Hntérpolation

* Filling in gaps in data and generating a
surface of values

* 3 common methods
— IDW (Inverse distance weighted)*
— TIN (Triangular Irregular Networks)
— Global trend surfaces

Engineering and Physical Sciences
|||||||
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e Based on distance from the unknown to the know

e Distance used to weight each know value’s
relationship for the unknown

* Weights used to estimate the unknown

200

im
(7))
1@
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Z(Xj) :iz(xi).dij_r /Zn:dij_r

i=1
Where:
Z(X;) = Z(X,y) =the unknown point to be interpolated

Z(x;) = 2(x, y) = the known points used to derive the interpolated point
d;" =the distance between a known point and the unknown weighted by a reciprocal

200 200 200




ITRC . - Inverse Distance Weighted

multi-scale infrastructure systems analytics

* The reciprocal for the weight calculation can vary

1% )
0.1F
Weight I
0.01
0.001 ¢
0'0001l5= T8 | 15 | 20
Distance

Engineering and Physical Sciences
RRRRRRR
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 What is a network (or graph)
— A series of nodes and edges
— Standard graph (undirected)
— Directed graph:

* Each edge has a direction set

— Multigraph:
* Multiple edges between the same node pair
* E.g. one for each lane on a motorway

gzl
n




- Networks

. SR AT BT
 Canrun routing in ArcGIS and ‘i“}'z.-ﬁ\g-.}':‘i%
QGIS e » t (

e But... r

* More options using
programming solutions

 E.g. python — NetworkX, i-
graph...

* E.g. postgreSQL — pgrouting
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Database schema

— Stores networks,
dependencies and
interdependencies

— Python API

— Import/export

options

2

Modes Edges Edge_Geometry
FK1 | GraphlD Nede_F_ID geom
geom Node_T_ID
FK1 | GraphiD
Edge_GeomiD
Global_Interdependancy Graphs Interdependency Interdependency_Edges
PK | InterdependencylD PK | GraphlD
FK1 | InterdependencyFromGraphiD B GraphName | FK1 | Interdegendency_Graphs_F_GraphiD BEOMm
FKZ | InterdependencyToGraphlD Nodes FKZ | Interdependency_Graphs_T_GraphiD
U2 | InterdependencyTableMame P Edges Interdependency_Nodes_F_NodelD
Ul |InterdependencyEdgeTableName Directed « Interdependency_Nodes_T_NodelD
MuiltiGraph GeomlD

Example_Metwork_G1_Edges

Example_Network_G1_Nodes

*

Example_Metwork_G1_Example_Metwork_G2_Interdependency

P¥ | InterdependencylD

PK | EdgeiD PK | NodelD
Ll

FKL | Node_F 1D FK1 | GraphiD

FK2 |Node_T ID » geom

FK4 | GraphiD id_

FK3 |Edge_GeomiD

id_

I

Example_Metwork_G1_Edge_Geometry

PK

GeomID

geam

xample Graph G1

FK1
FK2
FK3
FK4
FK5

Interdependency_Graphs_F_GraphlD
Interdependency_Graphs_T_GraphlD
Interdependency_Nodes_F_NodelD
Interdependency_Nodes_T_NodelD

R

Example_Network_G1_Example_Network_G2_interdependency_Edges

P

GeomiD

georm

—_— e ——— — — A

Interdependency Edges

Example_Network_G2_Nodes Example_Network_G2_Edges
PK  |Modeld PK | EdgelD
-
FK1 |GraphiD FKL | Mode_F_ID
geom ™ FK2 | Mode_T_ID
i FK4 | GraphlD
FK3 | Edge_GeomlD

!

Example_Metwork_G2_Edge_Geometry

PK | GeomiD

Beom

|
|
|
|
|
id_ I
|
|
|
|
|

Example Graph G2
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& A ei

t
Hide Locate Back Home Options Resource Center
Qorterts | Favotes | Search | Welcome to the ArcGIS Help Library r
B Welcome to ArcGIS Help
@ What's new in AcGIS AreGIS 10
. n = uismis_hz;z Welcome to the help library for the ArcGIS system. This help library has been compiled to provide
e O e O n e b4 What::%%? comprehensive documentation for using all aspects of ArcGIS. The goal is to address the needs of a
= M:G\Sn.noria\s' number of key audiences:
& () Professional Libary » GIS practitioners who perform all types of GIS and image-based work including mapping, data

2] What's inthe Professional Libre management, editing, analysis, and geoprocessing.

Bl ([ Data Managemert
51 A uick tourof Data Man + Developers who work with ArcGIS using .NET, Java, C++, Web programming APIs, SQL, and so on. |-
@ Vanaging geodatab . dministrators who install and manage the ArcGIS software, database administrators (DBAs) who
@ Geographic data types direct and manage large DBMS installations, and Web architects whose goal it is to configure and

@ Eating data administer Web server environments
@ Datasets provided with Arc

@ Using ArcCatalog Library Audience
@ Mzpping and Visualization
Geoprocessing

Essentials Library provides an introduction to GIS and ArcGIS. These All users
topics provide a foundation for using ArcGIS in your daily work.

@ Exensions
@ ArcGIS Server These topics are directed at all audiences and are useful for users who
@ Mabie are new to GIS or ArcGIS. This library is also very helpful for seasoned

@ Guide bocks ArcGIS users.

@ Administrator Library

* ArcMap help guides
* QGIS help online
— Eg:http://docs.qgis.org/2.

professional Library provides comprehensive help topics for GIS GIS professionals
professionals and covers all aspects of using the ArcGIS system and many
fl

0+ B¢ X | @ Esrisupport x

- | search -

More > Signln 9 -

Store | ContactUs | Careers

L
@ esrl Understanding our world. Search Q]

q Industries Products Training Support Services Events About

Support Search Support

2/en/docs/user manual/ —— o e

Contact
Analyst Tech Support

[E) Remember usemame o] Q
° Create new Esri Account | Forgot Password Leacl &= o)

Usemname

i

Password

Customer Support

Support Center Alerts
Licensing and Registration

Abug in ArcGIS Deskiop 10.0 SP4 (NIMO79126) that causes the Spatial Join tool to produce NULL results has
Esri Customer Service: Versions 9.x been fixed with the release of the ArcGIS 10.0 SP4 (Deskiop, Engine, Server) Spatial Join Tool Palch

Esri Customer Care: Versions 10.x

Resource Centers

ArcGIS Resource Center Knowledge Base Community Downloads L
Esri Developer Network (EDN) Web Based Help Forums. Patches and Service Packs
Support Options Technical Articles ArcGIS Beta Community ArcScripts
Standard Support White Papers wiki.GIS.com Samples & Utilities
Premium Support Product Announcements ArCGIS Ideas Data Models
GIS Dictionary Support Services Blogs Galleries

EPSRC =]

ineering and P!
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http://docs.qgis.org/2.2/en/docs/user_manual/

Il@"{;' - Discussion (15mins)
e Converting between geographies
— How to approach this
— Can all cases be identified
* Network generation
— Standardized methods
— Standardized storage methods




Il@nﬁral . Extra slides

multi-scale infrastructure systems analytics

Extra slides on a few topics follow




- Questions | haven't answered

* Version control for spatial data

— Discussed in discussion one
* Mapping objects to a point on a network

e Compute multi-modal commuting times between two
points

 Division of areas in areas of influence
e Raster processes

Engineering and Physical Sciences
RRRRRRR



Terrain

Mean Sea Level
Geoid

Elipsoid/Spheroid

Engineering and Physical Sciences
RRRRRRR
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Based on a model of the
surface

— the ellipsoid
Latitude & longitude

— Angular measurements

Global
Can include height



http://blog.karmona.com/wp-content/uploads/2010/10/Image34.gif
http://blog.karmona.com/wp-content/uploads/2010/10/Image34.gif

ITRC

mistral

e Based on 2 dimensional Cylindrical Azimuthal

projection of the surface
— Will always be distortions
— Global or local

e Eastings & Northings

 E.g. Mercator and Transverse
Mercator (UTM)

World M

gZ|m
2|10
“|n

16y



