.—-0\-—0
.~ \
° ®

MAPS IN PRACTICE

KIRELL BENZI, PH.D

@KirellBenzi www.kirellbenzi.com



https://www.kirellbenzi.com

Web mapping

Also known as Web GIS (geographic information systems)
Client-server interaction to serve and consume a geographical dataset

Examples: Google Maps, Apple Maps, Waze, OpenStreetMap, Here



Tiled web map

..........

::::::::

Cut a very high resolution image into a e

hierachy a squared tiled for each zoom i
level

VAT

Displayed in a browser by seamlessly f
joining dozens of individually requested
image files on demand



https://en.wikipedia.org/wiki/Tiled_web_map

Tiled web map

Tiles are 256x256 pixels

HH

FEach zoom level doubles in both I
dimensions, so a single tile is replaced o< M o Tl 4 “’I‘?’ ;);f’ ;’
by 4 tiles when zooming in

0 g 0 ’ = 38:plnlg

. . . 1 ’ 1 ” M 39.png

Uses Web Mercator projection: latitude ; . m ; . B c0pna
limits of around 85 degrees :  CO— "
tilemapresource.xml E73 : ; Z:E:g

13 R M 50.png

14 R M 51.png


https://gogeomatics.ca/map-tiles-and-cached-map-services/

Vector tiles

Newer format, replace bitmaps
Contain geometries and metadata -
like road names, place names, house

numbers — in a compact, structured
format

Data transfer is greatly reduced
Better customization

Rasterisation can be performed directly
IN the client
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https://github.com/mapbox/geojson-vt

GDAL, to create, convert,
do anything with maps
(C++, Python)

Leaflet.js, leading open-
source JS library for
Interactive maps

Turf.js advanced
geospatial analysis

Libraries
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Knightsbridge _ 2\ 8310 Leaflet | © OpenStreetMap contributors
var map = L.map('map’).setView([51.505, -0.09], 13);
L.tileLayer('http://{s}.tile.osm.org/{z}/{x}/{y}.png’', {
attribution: '&copy; <a href="http://osm.org/copyright”>0pen
}).addTo(map);
L.marker([51.5, -0.09]).addTo(map) : &
.bindPopup('A pretty CSS3 popup.<br> Easily customizable.') : /A
. openpopu p( ) = S U5 Newdonae ST eworke
©mepbex ©mepbex

Advanced geospatial analysis for browsers and Node.js

Simple Modular

Modular, simple-to-understand JavaScript
functions that speak GeoJSON

Turf is a collection of small modules, you only
need to take what you want to use

Takes advantage of the newest algorithms
and doesn't require you to send data to a
eeeeee


http://leafletjs.com/
http://turfjs.org/

GIS formats

n SHP (Shapefile) O&TZ-E

ogr2ogr web client

The shapefile is BY FAR the most common geospatial file type you'll encounter. All

commercial and open source accept shapefle as GIS formets. Its hecome the Industry | ComertfomGeosSON
standard.

File*: Choose File NoO file chosen GeoJSON: { "type": "FeatureCollection",
But you'll need a complete set of three files that are mandatory to make up a shapefile. The "features": [{
) ) ) . . Must be a supported format. See below. "type": "Feature",
three required files are — SHP is the feature geometry, SHX is the shape index position and DBF "geometry": { "type™: "Point", "coordinates” [102.0,
is the attribute data. JSONP Callback: o 051} T "
properties™ { "prop0": "value0" }
. . . N )
You can optionally include these files but are not completely necessary. PRJ is the projection Source SRS: e.q. EPSG:4326 }
system metadata, XML is the associated metadata, SBN is the spatial index for optimizing
queries and SBX helps loading times. Target SRS: e.g. EPSG:4326 Z
GeoJSON URL: e.g. http://path.to/sample.json
Name Type _| Create Mapbox-compatible file (RFC7946)
1 —__-—__—' Lines.dbf = : :

BLmes.shp Shapefile D Skip failures Output Name: e.g. myfile.zip

] Points.shp Shapefile \ D Lines.shp 1 Force download

@Polygons.shp Shapefile D Lines.shx

CONVERT TO GEOJSON Skip Failures
Note: GeoJSON can only support one layer CONVERT TO SHAPEFILE

Note: Shapefiles can only support one geometry type

E KMZ/KML (Keyhole Markup Language)

KML stands for Keyhole Markup Language. This GIS format is XML-based and is primarily used
for Google Earth. KML was developed by Keyhole Inc which was later acquired by Google.

KMZ (KML-Zipped) replaced KML as being the default Google Earth geospatial format because Hmvn"E G“s ulamn[s

it is a compressed version of the file. KML/KMZ became an international standard of the Open o i
Geospatial Consortium in 2008.

The longitude, latitude components (decimal degrees) are as defined by the World Geodetic
System of 1984 (WGS84). The vertical component (altitude) is measured in meters from
the WGS84 EGM96 Geoid vertical datum.

ey
Sy— YOU GET A NIGHTMARE;AND
YOU GET A NIGHTMARE _

mgflpcom



https://gisgeography.com/gis-formats/
https://ogre.adc4gis.com/

GeolJSON

{ "type": "Point",
Point "coordinates": [30, 10]
I }

GeoJSON is a format for encoding evnets "minestringt
geographic data structures with Lnesting | < e T ot a0, o
their non-spatial attributes y
Open standard format (riypets “Polygont,

"coordinates”: |

ii;f 3o, 1031, 40, 4031, 120, 401, 110, 201, 30, 10]]

]

Based on JavaScript Object )
Notation (JSON). Polygor

{ "type" : llPolygon"’
"coordinates”: |

[[35, 10], [45, 45], [15, 401, [10, 201, [35, 10]1,
T [[20, 30], [35, 35], [30, 20], [20, 301]]

]


https://en.wikipedia.org/wiki/GeoJSON

MultiPoint o

MultiLineString }, §

MultiPolygon E:

{

{

{

GeoJSON composites

"type": "MultiPoint",

"coordinates": [
[10, 40)], [40, 30], [20, 20], [30, 10]

"type": "MultiLineString",

"coordinates”": [
(o, 10j, 20, 20j], [10, 40711,
[[40, 40], [30, 30], [40, 20], [30, 10]]

"type": "MultiPolygon",

"coordinates”: [

[
((3o, 20], [45, 40], [10, 40], [30, 20]]
1,
[
(ris, -1, 4o, 10j, rio, 201, 5, 103, [15, 5]]

]

Wikipedia



GeolSON features

{ "type": "FeatureCollection",
"features": [
{1 "type": "Feature”,
"geometry": {
"type": "Point",

;Coordinates": L1029, 0.5 Group both geometry and arbitrary

"properties": { properties such as names, roads, etc.
"prop@": "value®”

3
|
{ "type": "Feature",
"geometry": {

"type": "LineString",
"coordinates": [[102.0, 0.0], [103.0, 1.0], [104.0, 0.0], [105.0, 1.0]]
b,
"properties”: {
"prop@": "valued",
"propl": 0.0
}



D3 projections

McBryde-Thomas Flat-Polar Parabolic B

Bostock


https://bl.ocks.org/mbostock/3711652

How does it work?

The core object is d3.geoPath()

Generates an SVG path data string,
attribute “d” (or render to Canvas)

Relies on a projection to map the
iInput to the correct position on screen

THIS UPSIDE-DOWN MAP LJILL CHANGE YOUR PERSPECTIVE ON THE WORLD!



https://www.explainxkcd.com/wiki/index.php/1500:_Upside-Down_Map

d3 projection

In a continous world, it is just a point transformation that takes latitude
and longtiude values as input

In real-world discrete geometry, it iIs much more complex

Anti-meridian cutting


https://bl.ocks.org/mbostock/3788999

Example

let path = d3.geoPath()
.projection(d3.geoAzimuthalEqualArea());

d3.json("/mbostock/raw/4090846/world-110m. json", function(error, world) {
1t (Cerror) throw error;

svg.insert("'path”™, "world™)
.datum(topojson. feature(world, world.objects.land))
.attr("class”, "land™)
.attr("d", path);

1)




TopoJSON

Extension of GeoJSON that encodes topology

GeodSON is not efficient because we refine the geometry of each object
even If they share the same coordinates

Geometries in TopoJSON files are stitched together from shared line
segments called arcs

Helps for topology simplification, cartograms!



Topology simplification ¢

P


https://medium.com/@mbostock/command-line-cartography-part-3-1158e4c55a1e
https://medium.com/@mbostock/command-line-cartography-part-3-1158e4c55a1e

TopoJSON example

Origine_Point 0,2 1,2 2.2
"coordinates": [0,0]

Under_Point
"coordinates": [0,-1]

Under_LineString
"arcs": [3]

Left Polygon
"arcs": [[0O,1]]

1,0 2,0
Right Polygon
"arcs": [[2,-1]]

"arcs":|[
[[1,2],[0,-2]],
[1,0],[-1,0],[0,2][1,01]], 0,-1 2,-1
[1,2],[1,0],[0,-2],[-1,0]],

1"0"1]’[2'0]] Wikipedia




Bostock

A topology of the United States; dots indicate arc endpoints.


https://medium.com/@mbostock/command-line-cartography-part-3-1158e4c55a1e

| Do you have a geographic file? +----NO---->| Go find one! D: |
| | | |
femmmccccccana- doemecccccccccaaaa + doemeccccccccccccccceca—aaa +
|
YES
|
feccccccccnanan Veeeccccooncacanax + focmccccccccccccccccccnaaaa +

| |
| Does your geographic file | | 1. Upload to Carto |
+----+ contain all of the information | | 2. Download as GeoJSON |
| you want to map? | | 3. Convert to TopolSON |
| |  #eeee-- >| 4. Ready to map! |
$occccccccccaas 4eccccccccccccaca- + | | |
| | 4ecccccccccccccccccccccana" +
YES SHAPEFILE

| | focccccccccccccccccccccaa—- +
T Vemmmmmccaccaaaan + | | |
| TR | 1. Convert to TopoJSON |
| What format is your geographic | | 2. Ready to map! |
| data in? +-GEOJSON--> | |
| | fececccccccccccccccccccaa—- +

fomcmmnaa decmcccccnaaa docmcncnaaa +
] | foccccccccccccccccccccnaaa- +
TOPOJSON csV | |
| | | You can map lat/lon |
| e >| pairs without any |
| | converting |
| | |
] focmccccccccccccccceccn——a- +

|

| focececccccccceccccccccea—- +
| | |
e e T T >| You're ready to map! |
| |
fecmccccccccccccccccccaeaa- +

TopoJSON guide

|
| $emccccccccccccccccccccncncacanaa +
| l |
| | What kind of file has the |
+----> other information you'd like +----GEO--->|
| to map? |
| |
feccmcnccccccnaa femccccccccccnana +
|
NON-GEO CSV
|
T T T -
| |
| Does your CSV have a column |
| that will match with your +=-==NO-=---- >|
| geographic data? |
| |
fecccccccccccaaa foceccccccccanana +
|
YES
|
e T et -

What format is your
geographic data in?

focmaaa $ecccccccccccnas $eccccccas +
| |
TOPOJSON GEOJSON
| Vv
4eccccccccccccccccnaa- +

Import your CSV and your
TopoJSON into D3, then use
d3.map() to join your
geography to the CSV data when
drawing the map

Use d3.queue to import
multiple files, or use
geo2topo to combine many
GeoJSON into 1 TopoJSON

Find another geographic
dataset, or find another
CSV, or hand-edit the
columns in either

1. Upload both of your
datasets to Carto

2. Perform a column join
between the two datasets
3. Export as GeolSON

4. Convert to TopolSON
5. Ready to map!

|
|
|


https://github.com/jsoma/d3-topojson-data-guide
https://github.com/jsoma/d3-topojson-data-guide

ArcGIS Hub Community Initiatives Open Data Sign In

G NN A=

Search Data

Find Bus Routes, Park Services, Schools Near City, Country Q
Total Datasets
Organizations Worldwide Sharing Open Data | 5524

Browse by Categories

Safe Prosperous
Crime Demographics
Disaster Economy
Emergency Response Education

+ !, Sustainable Healthy

-',- Climate Agriculture
Energy Disease
Infrastructure Health-Care
Liveable Well-Run
Culture Boundaries
Housing Financial

Transportation Planning & Land Use


https://hub.arcgis.com/pages/open-data

ArcGIS Hub Community Initiatives Open Data
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Views
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A My ltems

A items

IOOpenData

Filter By

Tags

Sustainability (332)

.Sd (216)

Arcgis (216)

Service Definition (216)
Wildlife (216)

Sustainable Q@ Near

¢ 1-100f1,304 results »

SUSTAIN - Bioretention
Shared by CM_3RWW

This dataset illustrates 3 Rivers Wet Weather's (3RWW) 2013 analysis from the EPA System Urban Stormwater
Treatment and Analysis Integration (SUSTAIN) model for the ALCOSAN service area. The data is intended to help
municipalities comply with certain wet weather regulations, particularly the Pennsylvania DEP's geographic

@ Custom License = 12/19/2016 | Spatial Dataset = 160,349 Rows

GeoJSON

Sustainable Forestry
Shared by aknight_cosspp

This dataset was developed to provide scientific decision support and help measure progress for preservation of
resources associated with Florida Forever Measure G1: The number of acres acquired that are available for
sustainable forest management; and Measure G2: The number of acres of state-owned forestland managed for

@ Custom License = 1/11/2018 m

Leaflet: L.esri.MapService

Esri | Esri, HERE,

n My Data  Signin

[ Relevance %

|

«loh"
4w

o




var states = [{
"type": "Feature",
"properties": {"party": "Republican"},
"geometry": {
"type": "Polygon",
"coordinates": [[
[-104.05, 48.99],
[-97.22, 48.98],
[-96.58, 45.94],
[-104.083, 45.94],
[-104.05, 48.99]

1]
}

b o
"type": "Feature",

"properties”: {"party": "Democrat"},
"geometry": {
"type": "Polygon",
“coordinates": [[
[-109.05, 41.00],
[-102.06, 40.99],
[-102.03, 36.99],
[-109.84, 36.99],
[-109.05, 41.00]

1]

}1;

L.geo]SON(states, {
style: function(feature) {
switch (feature.properties.party) {

case 'Republican’': return {color:

case 'Democrat’

}
}).addTo(map);

return {color:

"#ff0000" };
"#0000ff"};

L eaflet + d3

T

d3noob’s Block 9267535

Updated December 25, 2017

Map usmg Ieaflet Js and d3,js overlaid
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Popular / About


http://bl.ocks.org/d3noob/9267535

Homework

e Read Interactive Data Visualization for the
Web chapter 12

e Fill the project proposal form

- _______________________________IIn
An Introduction to Designing With D3

for the Web

O’REILLY* Scott Murray



http://chimera.labs.oreilly.com/books/1230000000345/index.html
http://chimera.labs.oreilly.com/books/1230000000345/index.html
https://goo.gl/forms/BmIQiZm7OTogaqgy2

