Geospatial visualization






Considerations for geospatial visualization

* Projection

* Context

* Distortion

* Interpolation
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Orthographic projection

r = R cos@sin(A — A\g)
y = R( cos g sin ¢ — sin gy cos ¢ cos(A — Ag))


https://en.wikipedia.org/wiki/File:Orthographic_projection_SW.jpg

How do we display in 2-d?




Cylindrical Conical Azimuthal



Mercator projection
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https://en.wikipedia.org/wiki/File:Mercator_projection_Square.JPG
https://en.wikipedia.org/wiki/File:Mercator_with_Tissot%27s_Indicatrices_of_Distortion.svg

Mercator projection — Preserves direction




Albers Projection

x = psinf
y = po — pcosf
where

n = %(singol + sin ¢s9)
0=n(\—X\)

C = cos’ ©1 + 2nsin g
p = %\/C— 2n sin @

po = %\/C— 2n sin @y



https://en.wikipedia.org/wiki/File:Albers_projection_SW.jpg
https://en.wikipedia.org/wiki/File:Albers_with_Tissot%27s_Indicatrices_of_Distortion.svg

Albers Projection — preserves area




Albers USA




Azimuthal equidistant

COS % = sin ¢ sin @ + cos @y cos @ cos(A — Ag)

in(A— A
x = psiné, y = —pcosf om0 — cos (p sin( 0)

COS (pg sin ¢ — sin g cos ¢ cos(A — Ag)


https://maps.ontarget.cc/azmap/en.html
https://en.wikipedia.org/wiki/File:Azimuthal_equidistant_projection_SW.jpg

Azimuthal equidistant

COS % = sin ¢ sin @ + cos @y cos @ cos(A — Ag)

in(A— A
x = psiné, y = —pcosf om0 — cos (p sin( 0)

COS (pg sin ¢ — sin g cos ¢ cos(A — Ag)


https://maps.ontarget.cc/azmap/en.html
https://en.wikipedia.org/wiki/File:Azimuthal_equidistant_projection_SW.jpg

Other equal area



Azimuthal equal area



https://maps.ontarget.cc/azmap/en.html
https://en.wikipedia.org/wiki/File:Lambert_azimuthal_equal-area_projection_SW.jpg
https://en.wikipedia.org/wiki/File:Azimuthal_Equal-Area_with_Tissot%27s_Indicatrices_of_Distortion.svg
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https://en.wikipedia.org/wiki/File:Lambert_cylindrical_equal-area_projection_SW.jpg
https://en.wikipedia.org/wiki/File:Equal_Earth_projection_SW.jpg
https://en.wikipedia.org/wiki/File:Bottomley_projection_SW.JPG

Unfolding a sphere



https://www.youtube.com/watch?v=b1xXTi1nFCo

Other projections



https://observablehq.com/@d3/tissots-indicatrix

Scatterplot maps



“"type": "FeatureCollection",
"features": [

{
"type": "Feature",
"geometry": {

"type": "Point",
"coordinates": [102.0, 0.5]
},
“properties": {
“prop@": "value@"
}

h
"type'": "Feature",

* Format for encoding {
geographic shapes Sope sttt

[102.@, @.0],
103.@, 1.6,

 Shapes encoded as 1040, 0.0
latitude and longitude ),

. "Lrnperties": {
coordinates oo il
}
h
{

"type": "Feature",

"geometry": {
"type": "Polygon",
"coordinates": [

[

L -~ -~ ]
[~~~ I~ N~ ]

L}
]
’
’

]
]
]
]
]

[.~]

]

]

I

"properties": {
“prop@": "value@",
“propl": { “this": “that" }

}

}
]
¥



GeolJSON

Object {
type: "FeatureCollection"
totalFeatures: 214
features: vArray(214) [

0: » Object {type: "Feature", id: "nyu_2451_34509.1", geometry: Object, geometry_name: "geom'", properties:
: »0bject {type: "Feature", id: "nyu_2451_34509.2", geometry: Object, geometry_name: "geom", properties:
: »Object {type: "Feature", id: "nyu_2451 34509.3", geometry: Object, geometry_name: "geom", properties:
: » Object {type: "Feature", id: "nyu_2451_34509.7", geometry: Object, geometry_name: "geom", properties:
: »Object {type: "Feature", id: "nyu_2451_34509.8", geometry: Object, geometry_name: "geom", properties:
: » Object {type: "Feature", id: "nyu_2451 34509.34", geometry: Object, geometry_name: "geom", properties:
: »Object {type: "Feature", id: "nyu_2451_34509.4", geometry: Object, geometry_name: "geom", properties:
: »0bject {type: "Feature", id: "nyu_2451_34509.5", geometry: Object, geometry_name: "geom", properties:
: »Object {type: "Feature", id: "nyu_2451 34509.6", geometry: Object, geometry_name: "geom", properties:
: » Object {type: "Feature", id: "nyu_2451_34509.9", geometry: Object, geometry_name: "geom", properties:
10: » Object {type: "Feature", id: "nyu_2451_34509.10", geometry: Object, geometry_name: '"geom", properties
11: » Object {type: "Feature", id: "nyu_2451 34509.11", geometry: Object, geometry_name: '"geom", properties
12: » Object {type: "Feature", id: "nyu_2451_34509.12", geometry: Object, geometry_name: "geom", properties
13: » Object {type: "Feature", id: "nyu_2451_34509.30", geometry: Object, geometry_name: "geom", properties
14: » Object {type: "Feature", id: "nyu_2451_34509.13", geometry: Object, geometry_name: '"geom", properties
15: » Object {type: "Feature", id: "nyu_2451_34509.14", geometry: Object, geometry_name: '"geom", properties
16: » Object {type: "Feature", id: "nyu_2451_34509.15", geometry: Object, geometry_name: '"geom", properties
17: » Object {type: "Feature", id: "nyu_2451 34509.16", geometry: Object, geometry_name: '"geom", properties
18: » Object {type: "Feature", id: "nyu_2451_34509.31", geometry: Object, geometry_name: "geom", properties
19: » Object {type: "Feature", id: "nyu_2451_34509.17", geometry: Object, geometry_name: "geom", properties
.. more

O 00 NN o W N

]
crs: » Object {type: "name", properties: Object}
bbox: » Array(4) [-74.258918762207, 40.4938278198242, -73.6479721069336, 40.9173812866211]



GeolJSON

vObject {
type: "Feature"
id: "nyu_2451_34509.1"
geometry: vObject {
type: "MultiPolygon"
coordinates: vArray(1l) [
0: » Array(3) [Array(67), Array(6), Array(9)]
]
}

geometry_name: "geom"

properties: » Object {zcta: "10001", bcode: "36061", note: null, bbox: Array(4)}
3

nycGeo. features[0]



projection = f(t)

projection = d3.geoAlbers()
.fitSize([mapWidth, mapHeight], nycGeo)

path = 7(t)

path = d3.geoPath().projection(projection)

<svg width=S{mapWidth} height=S{mapHeight}>
<path
d=S${path(nycGeo)}
fill="#d3d3d3"
stroke="white"
/>

</svg>



projection = f(t)

projection = d3.geoAlbers()
.fitSize([mapWidth, mapHeight], nycGeo)

f(t)
d3.geoPath().projection(projection)

path
path

<svg width=${mapWidth} height=${mapHeight}>
<path
d=S{path(nycGeo.features[0])}
fill="#d3d3d3"
stroke="white"
/>

</svg>



const svg = d3.create('svg')
.attr('width', mapWidth)
.attr('height', mapHeight);

// draw one svg path per zip code
svg.selectAll("path")
.data(nycGeo.features)
.join("path")
.attr("d", path) // same as 'd => path(d)’
.attr("fill", '#d3d3d3')
.attr("stroke", "white");

return svg.node();

{
const svg = d3.create('svg')
.attr('width', mapwWidth)
.attr('height', mapHeight);

// draw one svg path for the entire map
svg.append("path")
.attr("d", path(nycGeo))
.attr("fill", '#d3d3d3')
.attr("stroke", "white");

return svg.node();

3






vObject {

10000:
10001:
10002:
10003:
10004 :
10005:
10006:
10007:
10009:
10010:
10011:
10012:
10013:
10014:
10016:
10017:
10018:
10019:
10020:
10021:
. more

3

zipToInjuries

maxInjuriesForZip

maxInjuriesForZip

32
187
323
203
37
16
26
62
114
183
151
135
209

208
153
127
294
12
90

860

d3.max(Object.values(zipToInjuries))

const color = d3.scaleSequential(d3.interpolateBlues);

color = d3.scaleSequential()
.domain([0, maxInjuriesForZip])
.interpolator(d3.interpolateBlues)
.unknown('#d3d3d3"')






const svg = d3.create('svg')
.attr('width', mapWidth)
.attr('height', mapHeight);

// create one path for each zip code
svg.selectAll("path")
.data(nycGeo. features)
.join("path")
// use the geographic path generator to set the shape of the path
.attr("d", path)
// use the color scale to set the color of the path
.attr("fill", d => color(zipToInjuries[d.properties.zctal))
.attr("stroke", "white");

return svg.node();

}







maxRadius = 10
maxRadius = 10 Vehicle collision injuries, 2019
, © 100
radius = f(n)
O 200
// we want to map number of injuries to the area of the circle, @ 400

// so we use scaleSqrt since the area of a circle is pi * (r”2)
radius = d3.scaleSqrt() (:)800
.domain([0, maxInjuriesForZip])
.range([0, maxRadius])



const svg = d3.create('svg')
.attr('width', mapWidth)
.attr('height', mapHeight);

// draw map

svg.selectAll("path")
.data(nycGeo.features)
.join("path")
.attr("d", path)
.attr("fill", '#d3d3d3')
.attr("stroke", "white");




» Array(2) [238.85631317949486, 244.91887758343373]
path.centroid(nycGeo.features[0])

// draw circles

svg.append("g")
.selectAll("circle")
.data(nycGeo.features)
.join("circle")
.attr("stroke", "steelblue")
.attr("fill", "steelblue")
.attr("fill-opacity", 0.5)
// set the position of the circles

.attr("transform", d => ‘translate(${path.centroid(d)})")
// set the size of the circles

.attr("r", d => radius(zipToInjuries[d.properties.zctal));

Vehicle collision injuries, 2019
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Projections

const path = d3.geoPath(projection);

svg
.append("g")
.selectAll("path")
.data(l.features)
.enter()
.append("path'")
.attr("id", d => d.properties.name)
Lattr("fill", "black");

graticule = vObject {
type: "MultiLineString"
coordinates: » Array(53) [Array(3),

3

graticule = d3.geoGraticulel0()




Approaches to Mapping Data

Symbol Maps — plot data over a map
Choropleth Maps — colored regions
Heatmaps & Contours = show densities
Cartograms — distort to show quantities
Flow Maps — flux across regions

Generalization — distort/abstract to aid tasks




scatterplot)

(

Symbol map
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In observable plot

| Plot.plot({
projection: {type: "orthographic", rotate: [-longitude, -30]1},

r: {transform: (d) => Math.pow(10, d)}, // convert Richter to amplitude
style: "overflow: visible;", // allow dots to escape

marks: [
Plot.geo(land, {fill: "currentColor", fillOpacity: 0.2}),

Plot.sphere(),
Plot.dot(earthquakes, {x: "longitude", y: "latitude", r: "magnitude", stroke: "red", fill: "red", fillOpacity: 0.2})

1
3]


https://observablehq.com/@observablehq/plot-earthquake-globe
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Plot.plot({

projection: "albers-usa",

Math.abs},

{type: "sqrt", transform:

length
marks

[

Plot.geo(statemesh, {strokeWidth

Plot.geo(nation),

Plot.vector(

0.5}),

counties,

Plot.centroid({

s start®.

anchor
length

(d) => d.properties.margin2020 * d.properties.votes,

stroke: (d) => d.properties.margin2020 > @ ? "red"

"hlue" N

rotate: (d) => d.properties.margin2020 > 0 ? 60 : -60

1)

}


https://observablehq.com/@observablehq/plot-mapping

With binning

First year opened

1970 1980 1990 2000

Plot.plot({
projection: "albers",
r: {range: [0, 16]},
color: {scheme: "spectral", label: "First year opened", legend: true},
marks: [
Plot.geo(statemesh, {strokeOpacity: 0.5}),
Plot.geo(nation),
Plot.dot(walmarts, Plot.hexbin({r: "count", fill: "min"}, {x: "longitude", y: "latitude", fill: "date"}))
]
1)


https://observablehq.com/@observablehq/plot-hexbin-map

oropleth
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https://observablehq.com/@observablehq/plot-us-choropleth

oropleth in observable plot

Unemployment rate (%)

[Plot.plot({
projection: "identity",
width: 975,
height: 610,
color: {scheme: "Blues", type: "quantize", n: 9, domain: [1, 10], label: "Unemployment rate (%)", legend: true},

marks: [
Plot.geo(topojson.feature(us, us.objects.counties), {fill: (map => d => map.get(d.id))(new Map(data.map(d => [d.id, d.rate])))}),
Plot.geo(topojson.mesh(us, us.objects.states, (a, b) => a !==b), {stroke: "white"})


https://observablehq.com/d/b4ed9e6f0647ebda
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Map 1.1 Borders matter
HDI in United States and Mexican border localities, 2000

W

HDI, 2000
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Cartogram
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Cartogram

Each hexagon represents
Economic Output © $27 billionin G.0.p.

In this map, geography is distorted so that each
country is sized according to its economic
output in 2012. The countries are colored by their
rate of growth; more established economies tend to
grow more slowly.

China is both highly productive and
growing rapidly. Considering individual
provi ys its imp ive scale:
Guangdong, just one of 31 Chinese
provinces, has an economic output greaf]
than Indonesia.

SOUTH KOREA

TAIWAN

Rising wages and risk in

China are encouraging

businesses to consider

alternatives, including ° sa

MALDIVES Cambodia, Vietnam and the PHILIPPINES
PP L
Philippines. } ’
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MALAYSIA
SINGAPORE
NEW YORK

G.D.P. growth, 2011 to 2012
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2

Japan and South Korea
have large economic
output, but growth has
slowed as they have caught
up with the West and
innovation becomes more
difficult.
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New York shown for comparison.
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Cartogram

Alaska

Mont. N.D. Mich.

Idaho Wyo. S.D. Ind. Ohio
Ky. W.Va. Va.

Ark. Tenn. N.C.

Ariz. Okla. La. Miss. Ala. Ga.

Texas Fla.




Cartogram

Thailand
Thailand Geographic Map




Cartogram
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France’s Ageing Population

The number of people aged 75 and over in France has risen
from 4% in 1975 to 10% in 2015.

Percentaged 75+
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See below how this has changed in each of France’s
numbered departments
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General abstraction

A s c o £
|
FOGH SARNE) coerzosTons
= ]
| oy v
o
p Woodsde Park
Wes Firctiey
Arnos Grre o
Povchloy Contral
& Sounds.Gi
Cast Pncnley
Wood Geeeh o
e
Tumpie e o
b Tutrkeld Park
[ T
b Kentan Towe.
a |
| Arversl
West Harmpatead CAMDEN | 1
INCTION = TOWN M—q‘u T— [Gares
= Y O pon § Mghburyd. A "’
Crescent Bl Park
Jwisa Cottage w;m . | St Hu,..m
St John's Woud = Saoe Road | | Dagenhem
- ST { Dagertam Fmstten, _—
Sdgwers Ropd MARYLEBONE Geeat Portara OLD STREET . Socontree
Angel
= 4 — MOORGATL = BARKING =
MR F7 o 4 = et
Barbecan - Park
pot's Park
Sopouster o e
b-l‘ Square.
Omaweny | _+urta hor | “cacis A srmis L R
- —
MILL GATE L‘al_"- Yod T KCAD ] Covert 1 r e
G DwycH  Cadnon ALOGA! t
Hgh Srwet Green e Scpat &
Cewrgion Hyds A2 Marson
S Tower bl
Krgresonage i SEORE o b
Gloucester M"‘ ! — =
byouia Weyrmnizer = ."
3 CouRT Soueh Sleare St James's. |
raingion  Square Par -
/__" X |
tramgeon / WATE | ot
r-\*nt-o.q / Norty
|
ELEPHANT
Gosh /3 S CASTLE “mmﬁ' NEW CROSS
/
,//Q/ | |
KENNINGTON
Sos H—
|
it Patrey i |
Unes  BAKERLOO  CENTRAL ORCLE  DSTRICT  METROPOUTAN  NORTMERN  PICCADRAY  VICTORIA ¢
—— — T esm— ——— | ——— — o —
Cxhtion East Lonson Highbury
AL BT Service Secvon anch =
W nterchange with Srsh Rat 1 Open durng Mondey to Fridey rush hours onty
Cortam Stations sre closed ot waekends "
-+ x L - M e Qe s —o—




General abstraction
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Abstraction

WATFORD JUNTTION

WATRCAS (taw STREET)

BLSNEY AND ONMEY

CAPPIRDRRS PARK

MATEN END FOR PINNER

HIADSTONE Lant
FARROW K WEALBSTONE

TOUTH HANACW

SUDSLRY Ml

CEW. SAREAS

O ot

REFERENCE
DISTRICT RALWAY e, CENTRAL LONDON ALY ..

LINE e JTAN ALY e
PCEAILLY LWG — BETRROURN ALY, e
k_numwu-uuho
lnwuuun UNDER CORSTRUCTION . - 0




Cartogram

Physical
Diffusion
Model

[Newman 2004]




Heatmaps

Temperature Anomaly (°C compared to the 1951-1980 average)
|

| | l-
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https://observablehq.com/@observablehq/plot-walmart-density

Heatmaps

Plot.plot({

projection: "albers",

color: {scheme: "Y1GnBu"},

style: "overflow: visible;",

marks: [
Plot.density(walmarts, {x: "longitude", y: "latitude", bandwidth: 10, fill: "density"}),
Plot.geo(statemesh, {strokeOpacity: 0.3}),
Plot.geo(nation),
Plot.dot(walmarts, {x: "longitude", y: "latitude", r: 1, fill: "currentColor"})

o)


https://observablehq.com/@observablehq/plot-walmart-density

Water vapor (cm)

I

0 2 4 6

Plot.plot({
projection: "equal-earth",
color: {

scheme: "BuPu",

domain: [0, 6],

legend: true,

label: "Water vapor (cm)"

}
marks: [

Plot.raster(vapor, {
fill: Plot.identity,
width: 360,
height: 180,
x1l: -180,
yl: 90,
x2: 180,
y2: =90,
interpolate: "barycentric",
clip: "sphere"

His

Plot.sphere({stroke: "black"})

1
1)



Break data into buckets

KEY
Colours show how
recently a crime was

A week ago
Two v 20
A manth ago

A Two months af

& Three months ap!

CRIMESPOTTING

The brazen 2007
murder of journalist
Chauncey Balley in
Oakland, California,
led Stamen partner
Mike Migurski to

make the city's arime
data more accessible.
This heat map of
downtown uses data
from CrimeWatch, a
community website,

to show the gaps
between crimes st a
ghren Intersection:
white is high-crime;
darker areas are safe.
stamen.com




Meaningful buckets, isolines
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Contour plots




Water vapor (cm)

0 2 4 6

Contour plots

Plot.plot({
projection: "equal-earth",
color: {
scheme: "BuPu",
domain: [0, 6],
legend: true,
label: "Water vapor (cm)"
b
marks: [
Plot.contour(vapor, {
fill: Plot.identity,
width: 360,
height: 180,
x1l: -180,
yl: 90,
x2: 180,
y2: =90,
billur:= 1,
stroke: "black",
strokewWidth: 0.5,
clip: "sphere"
F)
Plot.sphere({stroke: "black"})
|
1)


https://observablehq.com/@observablehq/plot-contours-projection

Flow map
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Flow map Migration from California, '95-'00

Tobler 1987 Phan et al. 2005 Verbeek et al. 2011

Cui et al. 2008 Holten & van Wijk 2009



Flow Map

Nov. 20, 2024
1:12 pm EST

(time of forecast download)

top speed: 41.7 mph
average: 11.1 mph
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http://hint.fm/wind/
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