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redistrict

verb
redistricting
1. divide or organize (an area) into new political or school districts.

This term is often used in the US with regards to re-organising electoral boundaries — “Redistricting is the process of
drawing the lines of districts from which public officials are elected” — https://www.aclu.org/news/voting-
rights/what-is-redistricting-and-why-should-we-care

And in the UK, this is undertaken by the Boundary Commission and Electoral Commission -
https://boundarycommissionforengland.independent.gov.uk/

https://www.electoralcommission.org.uk/

In the last few days, Cadline has been working closely with a Local Authority customer to review its existing Round
boundaries with regards to the collection of Refuse, Garden and Food Waste. As part of that process Cadline has
implemented its ROUNDS Application to enable the Local Authority to generate lists of addresses for each Round
Service. This consultancy work has taken me back to previous roles where GIS was used heavily for these tasks.
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1 - Boundary Commission and Electoral Commission — many ‘Boundary Review’ staff use GIS to review and then
reshape UK electoral boundaries. In the mid noughties | helped train staff at these organisations to use GIS for these
tasks, where they commonly used Maplnfo to digitise the changes to these boundaries.

The
Electoral
Commission

2 — Round and Leg generation for Street Services — In another previous role we used GIS, Routing algorithms, and ETL
software to more accurately model both Rounds and individual Legs to optimise the collection of Refuse, Garden and
Food waste for Local Authorities. Where in some cases, utilising mathematical models and geospatial logic, enabled
several Local Authorities to reduce their fleet of collection vehicles and therefore their working week from 5 to 4 days.

Which brings us back to today and the task | was given to help our customer re-organise and then split their current
Rounds.

.... but why was there a requirement to update their current Round boundaries?
Several reasons should be considered when looking to review your Round boundaries:

e population — where changes in population need to be reviewed to ensure that Rounds don’t become unevenly
balanced. These could be due to population migration, or simply that a new housing estate has been built and
current Rounds have become unbalanced.

e vehicle counts — having fewer vehicles (or the need to reduce vehicle counts) will mean that Rounds will need to
be better optimised to ensure collection is as streamlined as possible to allow fewer vehicles to collect waste using
more optimised routes.

e Subscription rates — as more (or less) people sign up for these Service e.g. Garden Waste subscription, you will
need to ensure that the Rounds you have modelled are optimised for your current and planned future subscription
levels.

... 50 how can Rounds be effectively planned and re-modelled?
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These are some techniques you could implement as outlined below, where some options are likely better than others!

e Do nothing — leave the Rounds as they have been historically and let your vehicles collect as much as they can,
with uneven splits overs days of the week and across your fleet of vehicles.

e Paper maps — revise Rounds, day splits and even the individual collection legs using paper maps on walls.

e Digital data — integrate your Subscription lists, Address databases and Ordnance Survey mapping, including ward
boundaries and road networks to better revise boundaries into more optimised areas.

While the third option above is likely going to generate you optimised Waste Collection Services, how easy is it to
simply redraw or reshape existing boundaries to better represent changes in local level datasets?

Well, you could simply start to reshape the current boundaries in a GIS, moving vertices manually to reshape Round
Areas along roads to collect waste in new neighbourhoods. Good luck with this.... it’s tedious, it’s difficult and you will
most likely generate imperfect topology by introducing gaps, overlaps and slithers into your digital boundaries.

——

gaps slivers

And even when you have successfully reshaped a boundary to generate ‘topologically correct’ polygons, as soon as
someone asks you to adjust a boundary to change its shape based on new information or to include a new road, guess
what?... yep, you have to manually reshape your polygons again, which will likely introduce gaps, overlaps and slithers!

So, what is the best option?... well, | thought back to my previous role and remembered doing these tasks using the
proprietary desktop GIS — Maplnfo — which had a plugin tool called Redistricting.
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As per the above image, the Mapinfo Redistricting tool allows you to assign individual geometry (points, lines or
polygons) to a District/Area of higher-level geography. In the example above, the tool is being used to assign smaller
Postcode Sectors to create higher-level Postcode Areas or Districts boundaries.

As you assign an area to a District, the Redistricting tool colours those areas into their unique District colour and
updates a table which auto calculates feature Counts, as well as options for summing lower-level statistics e.g.
Population Counts. Users can then start to redistrict the boundaries and choose to move them between Districts to
undertake what-if scenarios. The Redistricting tool simply re-colours the features and auto regenerates the Counts as
you continue to re-model the data. Once you are happy with how you have remodelled the features, you can then
generate new District level features by merging the smaller objects using the redistrict value.
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Using the Redistricting Tool in this case has enabled the user to quickly change how the features are modelled based
on balancing the Districts, without having to keep manually re-drawing the boundaries!

QGIS Redistricting

| thought... ‘if there is a tool in Maplinfo for this task, there must be a tool in QGISY'... and after a small Google search
| found this video - https://youtu.be/W069sT icQE
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The plugin is called Statto Redistricter and is available from the QGIS Plugin Manager.

PN 2 FT e DELN L L S ST 1 o~ ok Y A il
Q Plugins | 41 (12 X
y % Al O reditr
e % QGIS Redistricting . - =1
B st T Statto Redistricter QGISv3 Il
o ot incta + [J Statto Redistricter QGISv3 - - -
Not installed = Easily create political districts of equal population L
2
"'g Upgradeable The Statto Redistricter for QGISv3 allows you to easily redistrict a map
into areas of equal population. Developed by John Holden, Statto
A —— Software LLC. Special thanks to Blake Esselstyn; Zach Alexopoulos;
s e Moussa Dia and Robert Rose, the William & Mary Center for Geospatial
Analysis; the William & Mary Election Law Society; and the University of
*- Settings Arizona Geography Department.
= |
Wi rating vote(s), 1591 downloads
Category Plugins
Tags redistricting, reapportionment, vector ~ |}
| Upgrade Al | Uninstall Plugin Reinstall Plugin
Closz Help
b P 60 T STl . e . | =

Once installed the tool is opened from the Plugins menu and opens into a Panel within QGIS.

QGIS Redistricting Tool B &
L & Fi Plan Manager Edit Currert Plan Toolbox
Active Layer: ROUND_BLPUS_GIS_MONDAY
Ackive District Fisid: DISTRICT
Target Populaton: 1685 (1601-1,763)
A‘\!E r)‘ F Update Selected Polygons
+ | Active dstrict: 2 Find Select on Map Erase
B22°
Geographic Selection Feld: #id - Select by Geo
Geo Seiect: * al Unassigned Active District
Preview Seisction Undo Last Update Fiood Selsct
""-“-.-_-‘ Display visible districts by Refresh Attribute Table
in selection: 443, in district: 0, active district +443 (16852134}
3 Attributes &
i
Lo # Lock  Population Deviation Devi

In this example, we used the Local Land & Property Gazetteer (LLPG) points as the features to redistrict. Where we
need to assign Districts/Round Areas with a balanced number of points falling into each area. In the following
screenshots we will use the area of Lewisham as an example of how this could be done. Please note these screenshots
do not reflect how any Rounds have been adjusted within Lewisham... these are just examples!
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1 - Assign a Population/Weight value to each Property (UPRN) —

Before you can run the Redistricting Tool, the underlying data needs a numeric attribute to redistrict against. In the
case of redistricting areas of population, you would need a population value, or maybe a count of persons in voting
age, to then numerically SUM the values to ensure that the redistricted areas have a balanced voting population value.
In our case, we wish to simply have a balanced number of UPRN Address properties in each ROUND (District) boundary.
So, we will add a new field called pop to the LLPG data and then assign the value of 1 to each property. Again, for this
example, you could redistrict using a waste weight value per property for even more accurate Round creation.

() ROUND_BLPUS_GIS_MONDAY copy — Field Calculator x B pop v

v Create a new field Update existing field 1
Create virtual field

Output field name | pop

Output fiekd type | 123 Integer (32 b} o

Output field length Precison | 3 1
Expression Function Editor !
] H _i_ = o, Searc Show Help 1
1 row_number s 1
» Aggregates
o Arrays
» |Color 1
» Conditionals
»  Conversions 1
r 1 D I * Date and Time
* Fields and values 1
S— = > » Files and Pat.hs
* Fuzzy Matching 1
Preview: 1 »+ [General b

2 — Create a Redistrict Plan —

In the QGIS Redistricting Tool panel, simply choose Plan Manager and compete the options as below:

QGIS Redistricting Tool [=Es)
Plan Manager Edit Current Plan oolbox

No active layer
No active population fisld!
No active number of districts to create!

e  Plan Name — give the redistricting job a name e.g.,, MONDAY_ROUND_REFUSE

e Layer to Redistrict — choose your LLPG Address point layer

e Number of Districts — how many Round/District regions do you wish to create e.g., 3

e Population Field — choose the Pop field we just created. This is so, as you assign points to a Round/District, the
system can SUM the Pop values (all 1) to ensure it can calculate the deviation from the % required.

e Population Tolerance — assign a tolerance percentage e.g. 5% so that even if the district is not the exact % of the
total e.g. 33.333% for 3 equal districts, the District will be shown as GREEN in the Redistricter if the Pop Count is
within the 5% tolerance

e District Field - choose the field to assign the REDISTRICT value/name. If there isn’t a field, the system creates one
called DISTRICT for you.

e Extra Fields - at the bottom you can then add extra fields to the output where it can SUM/COUNT etc....
information about the redistricted/grouped points... e.g. number of households/bin weight — assuming that these
values exist against the underlying LLPG record.

e Create Map Styles — these will thematically map the redistrict.
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() Redistricting Parameters >

Plan Name: ‘LBL_ROUNDS_MONDAY ‘

Layer to District: ‘ROUND_BLPUS_G]S_MONDM’ = ‘

Number of districts: |3 :|
Population Field: ‘ pop - ‘ F'
Equal Populstion Tolerance: | 5.00 : | U
g:::;::}m None i ‘ v | Ignore
@ Second Populstion Field Tolerance: | 0.00 - | T v Ignaore \
. District Field: ‘ DISTRICT - ‘ ‘ Create New Field ‘
Data Field: ‘ﬁd - ‘ Sum - ‘ + ‘f‘

Crezte Map Shyles From Districts
{leave unchecked if you have a styled map)

MOTE: Large files may tzke 2 minute or two to initialise

oK || comcat |

3 — Thematic Symbology —

Having chosen to Create Map Styles, use the Layer Properties — Symbology tab for the layer to choose the colours you
wisht to assign to each of the 3 Round/Districts.

@ Layer Properties — ROUND_BLPUS_GIS_MOMNDAY — Symbology
= -
| - Categorized
"’i. Information Value |ahc DISTRICT
J& Source Symbol ‘ o]
« Symbology Color ramp | Random colors
Symbol ~ value Legend
v . all other values
v @ 1 1
v @ 2 2
v @ 3 3

In this example, we have chosen Red (1), Blue (2) and Green (3), with unassigned points being a LARGE RED STAR.
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4 - Geographically Select and Redistrict —

To start redistricting, use the Select tools e.g. use the Polygon Select to draw in the map to select the LLPG Address
points that you wish to assign to a Round/District.

{|+ H
[=

Left click to change direction to draw the area to select within, and right click to finish the shape. While using the
Select by Polygon tool you can scroll/zoom into the map and pan to select more accurately, by drawing along the road
using the detailed OS Mastermap basemapping.

Once you have selected the LLPG Addresses that you wish to redistrict, they will be shown in the map as YELLOW
(selected) points.

In the Redistricting Tool ensure that the ACTIVE DISTRICT is set to the Round/District that you wish to assign these
points to e.g. DISTRICT 1.

QGls Redistricting Tool I T

Plan Manager Edit Current Plan Toolbox

Active Layer: ROUND_BLPUS_GIS_MONDAY
Active District Field: DISTRICT
Target Populstion: 1,685 (1,601-1,769)

Update Selected Polygons

+ | Active district: 1 Find Select on Map Erass

Then choose the UPDATE SELECTED POLYGONS button and the Redistricter Tool does the following:

e Colours the selected LLPG Address points (red) based on the Round/District that was chosen and the colours that
you assigned.
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It has also updated the DISTRICT column with the District value of 1 in the ATTRIBUTE table for those records.

Pop

DISTRICT
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And the Redistricting Tool, updates the ATTRIBUTES window to detail, the Population (which is essentially a count of
the LLPG Address Points), and the deviation (Count and %) that the current Population (Count) is away from the
required amount. Here Round/District 1 is 79% below the required population.

Attributes
# Lock  Population Deviation Devis
0 Unassigned 1,268 -417 -24.75%
1 - 352 -1,333 -79.11%
I R R R

Note - The top of the Redistricting Tool will tell you the required values. It shows the layer being redistricted and the
target population (Count) that is needed, with the 5% tolerance above and below this figure.

QGIS Redistricting Tool

Plan Manager Edit Current Plan

Active Layer: ROUND_BLPUS_GIS_MONDAY
Active District Field: DISTRICT
Target Population: 1,685 (1,601-1,759)

Currently District 1 (red) only has 352 properties in it, which is 1333 below the target value and -79% deviation.

So, you will need to continue to redistrict in the map, to select more LLPG Address Points and then assign to this
District using the UPDATE SELECTED POLYGONS.

Note - if you have set a point style for UNASSIGNED records, they can be coloured brightly in the map to show you
points that are yet to be assigned. Here | have coloured them as Bright Red large Stars!
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Select all the unassigned ones that you wish to add to Round/District 1, and they will then be shown as yellow.

== = 7 CISTS RELTS ULy 00T T

o Plan Manager Edit Current Plan Toolbox

Middle Par k Active Layer: ROUND_ELPUS_GIS_MONDAY

Active District Field: DISTRICT
Target Populstion: 1,685 (1,601-1,765)

Updste Selected Polygens

Ny 2 :
- :ﬁhlp - + | Active district: 1 Find Select on Map Erase

Geographic Selection Field: fd v || SelctbyGes
Geo Select: &) Al A ) Unassigned () Active District
i fhff Preview Selection Undo Last Update Flood Select
sréen Cemele
Grees Eiery, Display visibie districts anty Refrash Attribute Table

in selection:443, in district: 0, active district +443 (1685—2134)
Attributes &
# Lock = Population Deviation Devik%
0|Unassigned 1,268 -417 -24.75%

SR -18.11%

= QGIS Redistricting Tool =]
&7
Hort IEK 1
* Pian Manager Edit Current Plan T
Middle RPark
Active Layer: ROUND_ELPUS_GIS_MONDAY
Active District Fieid: DISTRICT
Target Population: 1,685 (1,601-1,769)
oo . Update Selected Polygons
%h'ﬁﬂé‘d - + | Active district: 1 Find Select on Map Ersse
Geographic Sslection Fisld: fid ¥ || SekctbyGeo
e ; ;
: Geo Select: e Al () Unassigned () Active District
‘”"Cm?" Preview Selection Undo Last Update Flood Select
Green Cemetery. i -
Display visible districts onby Refresh Attribute Table
Attributes @
# Lock Populatl’on Deviation Devi%
0|Unassigned -1,685 -100.0%

The Attribute table changes and now gives us a more balanced set of statistics, where now Round/District 1 correctly
falls within the deviation of 5% from the target population/count.

Attributes

# Lock  Population Deviation Devi

0|Unassigned -1,685 -100.0%
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Continue to do the same, selecting unassigned LLPG Address points in the map, then ASSIGN them to the desired
Round/District e.g. District 2 and District 3. The Points change colour e.g. to Blue and Green, and the Redistrict table
updates the Statistics.

%, | QGIS Redistricting Tool 3
e

Plan Manager Edit Current Plan Toolbox

Adlive Layer; ROUND_BLPUS_GIS_MONDAY
Active District Field: DISTRICT
Target Populstion: 1,685 (1,601-1,765)

Updste Selected Polygons
+ | Active district: DISTRICT 1 Find Select on Map Erase
5= dhurst Aoad =3 B
[ —Te——
. = 5 Geographic Selection Field: fid v Select by Geo
Geo Select: (@) Al () Unassigned () Active District
Preview Selection Undo Last Update Flood Select
Display visible districts anhy Refresh Attribute Table
Attributes (¢}

Preview Proposed Change =]

reckenham

PaceFark |
)
N, i

"\ Bsicen Wood

Ky Brook =
HizhGrove

S it

We wish to get each Round/District coloured GREEN in the TABLE, as this shows that each District is now within the
5% deviation buffer from the target value.

Attributes

# Lock  Population Deviation Dev%

-1,685 -100.0%

0 Unassigned

0

Note —if one Round/District has too many points within it, find an area in the map where those points are near another
Round/District which has a lower population (Count), select a group of points and re-assign them from Round/District
to another. The table will update and at some point, you will have 3 Round/Districts with a similar count of points
within each.
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5 — Create Round Boundaries —

Now that you have redistricted the LLPG Addresses to create balanced Round Days, this is the time to then create the
Round/District boundaries. Simply draw the Round polygons around the coloured points to ensure that each Round
covers the points as needed. This is now a much simply task as you don’t need to worry about how the polygons are
drawn, if they correctly capture the Address Points.

QGIS Redistricting Tool EIE|

Plan Manager Edit Current Plan Toolbox

Adlive Layer; ROUND_BLPUS_GIS_MONDAY
Active District Field: DISTRICT
Target Population: 1,685 (1,601-1,765)

Updste Selected Polygons
+ | Active district: DISTRICT 1 Find Select on Map Erase
E
Geographic Selection Field: fid - Select by Geo
Geo Selact: ® Al ) Unassigned ) Active District
Preview Selection Undo Last Update Flood Select
Display visible districts anhy Refresh Attribute Table

Attributes (¢}
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S
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reckenham

\\P\a:e Fark |
)

"\ Bsicen Wood
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S it

Tips —

e Don’t make the Round/District polygons too precise! The more angular the better, as ultimately they will be easier
to reshape if needed later.

e Try to use the road network and OS mapping to ensure that you don’t cut across roads or through properties!

e When digitising adjacent Round/District polygons, fewer vertices are betterl... this is because the adjacent
polygons will have shared vertices, so you want to limit the impact of moving a vertex in one polygon to ensure
you don’t create gaps and overlaps between the Rounds.

6 — Redistricting Tips —
Here are some extra tips | discovered as | played with the settings available within the tool!
A - Select using a Column

Instead of manually/geographically selecting points in the map to assign to a Round/District, you can also use a
COLUMN in the underlying data table to assign like points into the same Round/District first... then manually adjust
them later.
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For example, LLPG Address records may well have a field called WARD_NAME that can be used to assign Address to

the same Round/District.

Q ROUMND_BLPUS_GIS_MOMNDAY — Features Total: 5055, Filtered: 5033, Selected: 0
J AR § T E & D P E = e
fid FEATURE_ID UPRM COMMEMTS FULL_ADDRESS WARD_NAME ¥

I 295042 296341 100021996422 WULL 2 PITFOLD CLOSE ... Lee Green

p 295043 296341 100021996423 NULL 3 PITFOLD CLOSE ... Lee Green

B 295044 296341 100021996424 NULL 4 PITFOLD CLOSE ... |Lee Green

4 295048 296341 100021996432 WULL 12 PITFOLD CLOSE. Lee Green

i] 295049 296341 100021996437 NULL 17 PITFOLD CLOSE.. Lee Green

il 295050 296341 100021996438 NULL 18 PITFOLD CLOSE.. Lee Green

7 295051 296341 100021996439 NULL 19 PITFOLD CLOSE.. Lee Green

In the Redistricting Tool choose the Geographic Selection Field and from the drop-down list, choose the WARD_NAME

field. Then click the Select by Geo Button and click in the map and select one of the Address Points.

Update Selected Pohygons
- + | Active district: 1 Find Select on Map Erase
)
Geographic Selection Field: WARD_NAME b Select by Geo
Geo Select: (@) Al () Unassigned () Active District

The system, will then auto select all Address Points that have the same Ward_Name value as the Address that you
clicked on.

E 7 B o W L
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——For: al Tl =

el . N 9. @4~ ROUND_BLPUS_GIS_MONDAY
o £ .

s ch -mmcm_d_3 N ety % * WARD_NAME Hither Green
(sl e WMo '’ (Derived)
=5 v d ¥ (Actions)
A fid 287897

-Tf: N FEATURE_ID 296332

W e Road=— UPRN 100022016468

PEnﬂe"__:'ﬁ':"’:J} COMMENTS NULL

E\"f;; = Top Down
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P |
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You can then quickly assign all the Points from the same WARD into the designated Round/District.
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B — Preview before Assigning

Use the Preview Proposed Change window to see what the changes would be before you assign them. For example,
currently we have -3.8% deviation for Round/District 1 (red) and plus 3.8% for Round/District 3 (green). This equates
to 65 properties too many in one Round/District and 65 too few in the other. So, it will be worthwhile re-assigning
some Address points from District 3 to District 1 to balance out the inequality.

Geographic Sslection Fiekd: | waro_name v || seecbyce |
Geo Select: (®) al (") Unassigned () Active Datrict
| PreviewSeecion | | UndolstUpdste | | FloodSelect |
Dispisy visitls districts cnly | Refresh Attrbute Table |
| attributes [=]e
# Lock = Population Deviation Devi

0 Unassigned 0 -1,685 -100.0%
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73 . Geographic Selection Fiskd: ‘WARD_NAME - ‘ | Select by Geo
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== 3 b : f"’ » “:b ;B 2 | PrevewSsecton | | UndolsstUpdste | | FecdSsedt |
o AT e 2
e t‘ o yaﬁiw‘r\\dmﬂwwﬂ,:; B i o l_‘/; Display visible districts only | Refresh Attribute Table
pEeees o B - ‘(rﬂa;mtatypluzr)l e || 7
Attributes [a]

# Lock  Population Deviation Devi

0|Unassigned 0 -1,685 -100.0%
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District New Pop  Old Pop Change Dev

1/ DISTRICT 11,815 1,620 195 7.72%
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2 DISTRICT 31,555 1,750  -195 -7.72%
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This will tell you what the change would do to these 2 Round/Districts. In this example, by re-assigning the selected
properties from District 3 to District 1, it will change each District by 195 properties, and the % deviation (7.72%) from
target will swap so District 1 now has too many properties...

...50, try to select a few less properties in the map... and choose Preview again, this time the change is smaller (only
65 Addresses) and so both Rounds/Districts have a 0% deviation.

T SPoT e

- —— Praview Selection Undo Last Update Flood Select
Downham Fields —

Good Shepherd Cathalic® | | Dipiay visble distics only Refresh Atribute Table
Primary School A/J

in selection:65, in district: 0, active district +65 (1620—1685)
Attributes 3

# Lock  Population Deviation Devi

0 Unassigned ] -1,685 -100.0%

.+ Preview Proposed Change
District New Pop = Old Pop Change Dev%

1|DISTRICT 1 1,685 1,620 65 0.0%

2|DISTRICT 3 1,685 1,750 -65 0.0%

HOWEVER - remember geography should be considered before making redistricting.... simply re-assigning some
properties from Round/District 3 (green) to Round/District 1 (red) makes little logical sense for Bin Collection as these
properties are not close to the other District 1 properties.

In this case, we should have re-assigned some properties from Round/District 2 (blue) into the bordering
Round/District 1 (red) and then subsequently moved some Round/District 3 (green) properties into Round/District 2
(blue).
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