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Ok, but hold up, Parker.
What i1s geospatial datar

(And why study how domain experts work with it?)



Background

Geospatial Data

Geospatial data describes the location
and attributes of phenomena on the
Earth's surface.
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> GEO_ID NAME OCCUPIED_U ... RENTER_OCCUPIE ... PERCENT_RENTER_OCC ...
string string integer integer number

For this map, we're looking at the percentage of renter-occupied housing units, by
0500000US01001 Autauga County, Ala... 21,559 5,471

0500000US01003 Baldwin County, Ala... 84,047 19,331 23
0500000US01005 Barbour County, Ala... 9,322 3,647 38.05
0500000US01007 Bibb County, Alabama 7,259 1,831 25.224
0500000US01009 Blount County, Alab... 21,205 5,073 23.924
0500000US010M Bullock County, Alab... 3,429 898 26.188
0500000US01013 Butler County, Alaba... 6,649 1,777 26.726
0500000US01015 Calhoun County, Ala... 44,572 13,202 29.619
0500000US01017 Chambers County, A... 13,5682 4,449 32.757
0500000US01019 Cherokee County, Al... 10,836 2,359 21.77
0500000US01021 Chilton County, Alab... 17,140 4,262 24.866
0500000US01023 Choctaw County, Ala... 5,330 980 18.386
0500000US01025 Clarke County, Alaba... 9,323 2,562 27.48
0500000US01027 Clay County, Alabama 5,163 1,206 23.404
0500000US01029 Cleburne County, Al... 5,835 1,320 22.622
0500000US01031 Coffee County, Alab... 19,951 6,424 32.199
0500000US01033 Colbert County, Alab... 21,797 6,188 28.389
0500000US01035 Conecuh County, Al... 4,585 1,159 25.278
0500000US01037 Coosa County, Alaba... 4,016 760 18.924
0500000US01039 Covington County, A... 14,995 3,858 25.729
0500000US01041 Crenshaw County, Al... 5,011 1,169 23.329
0500000US01043 Cullman County, Ala... 31,733 7,999 25.207
0500000US01045 Dale County, Alabama 19,405 8,025 41.355
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county, in the United States. Deeper oranges imply higher occupation by renters.
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Background

Geospatial Data

Geospatial data 1s everywhere today:.

v v

¢ c 08 openstreetmap.org % o L I

[} ¢ | B BEACO2N Data Explorer x | + v

«
[
o
| J
[ ]
&
[9)
[
1]

& C O A berkeley.edu bk

Rossmoor

LAmman
0y

Moraga

Canyon € c 0 8 openstreetmap.org % ©

Piec”nont
s Trampas

gional,
wilderness

a8 ﬂ Map Layers

Query Features : standard ¢, el

= Oakland | Cick onthe map tofind nearby features
cyclosm T
Nearby features :, D
Post Box #1026028341 =% Cycle Map I 241

sanhranciscos
[ p et ]

Transport ap SR
Brannan ‘4,7/1 Qi
i OPnvKarto ST

ghing bl

|

3 Crossing #4
Networks . San Leandro
- L :
© © ® ®BEACON \. _ 398 NN €ast Oakland - ) mllfyate/s/1ed
® Super Site N % 4
~ 7 Chabot:
o Alameda ’ nal
@ NOAA NMFS SWFSC ERD Buoy
L\ i I .
Legend Deployment @ Bad (-999) Maybe (-111) Level 1 Level 1 baseline-shift Level 1a @ Level 2 Calibration Parameters Location

& Frankin Street
Fire hycrant #6:

Trafic Sign:

Node Sacramento

Oxford Tract Greenhouse Paradise Park Lincoln Middle School Alameda Residential Area Fr et Apartments
Building 1750 Frakiin Straet

Building 1740 Frankiin

Click on the map to find nearby features.
Building 181 Kiin

Nearby features

Building 1755 Frankiin

Node #7543045¢

g (Ppm)

Meadow #45

2 5
S S
Q =3
s 3

co2_corrected_av:

Tue ooV wes e Tu ot A T o3P\ I3 N £ orPM sat oorM sat pew Sun oM
Date Time

Relation Green Timbers

Enclosing features

Mead

Satellite Imagery Environmental Sensor Networks OpensStreetMap



Background

Domain Experts and Geospatial Data
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Background

Domain Experts and Geospatial Data
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This dashboard is designed for quick analysis of
CyanoHABs and Water Quality Assessment using
Sentinel-3 imagery for select Indian waterbodies.
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Figure 2: City Block Extraction. (a) We collect the set of streets for each administrative unit, formatted originally as individual LineStrings (shown here in varying
colors for distinction), to form a regional street network formatted as a MultiLineString object. (b) This unioned object is buffered by a small amount to render the
one-dimensional object as a two-dimensional object (shown here with an exaggerated buffer). This allows us to compute a set-theoretic difference between the
GADM boundary and the buffered street network. (c) The difference between these two objects gives the geometric description of street blocks. Colors distinguish
between adjacent street blocks. All subfigures show the street network and block geometries for Freetown, Sierra Leone.
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Domain Experts and Geospatial Data
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Barriers to working with geospatial
data are high.




data are high.
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Barriers to working with geospatial

Geographic Information Systems

Require significant background in

geospatial data theory

@ H:D @ al

Geography

Cartography ~ Databases — Statistics

o HCI research’ 2,3 has shown that GISs are especially
difficult for non-geographers to learn and use.

10

1. Traynor, C. and Williams, M.G. Why are geographic information systems hard to use? Conference
Companion on Human Factors in Computing Systems (1995).

2. Traynor, C. & Williams, M. G. End users and GIS: a demonstration is worth a thousand words. in Your
wish is my command: programming by example 115-134 (Morgan Kaufmann Publishers Inc., 2001).

3. Haklay, M. (Muki) & Skarlatidou, A. Human-Computer Interaction and Geospatial Technologies -
Context. in Interacting with Geospatial Technologies 1-18 (John Wiley & Sons, Ltd, 2010).
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[ acs-bgs-marin.geojs... 2 hours ago
[ acs-bgs-san-francis... 2 hours ago
R east-bay-hillshade.tif a day ago
] east-bay-srtm.tif 7 months ago
R LC09_L2SP_044034... a day ago

Code

from rasterio.plot import show
east_bay_hillshade = rasterio.open("east-bay-hillshade.tif")

show(east_bay_hillshade, cmap="gray")

500000 520000 540000 560000 580000

<AxesSubplot:>

alameda_bgs = gpd.read_file("acs-bgs—alameda.geojson")

alameda_bgs = alameda_bgs[alameda_bgs["B19013001"] < 100000]
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0 B 1 & Python 3 (ipykernel) | Idle

name B19013001

BG 3, Tract 4003, Alameda, CA 31649.0

BG 1, Tract 4005, Alameda, CA 97039.0

BG 3, Tract 4005, Alameda, CA 85662.0

Example

# Python 3 (ipykernel) O

B19013001,

Error geometry

MULTIPOLYGON (((-122.26563 37.83764,
-122.2655...

20947.0

MULTIPOLYGON (((-122.26613 37.85201,

36259.0 -122.2660...

MULTIPOLYGON (((-122.26951 37.84858,

39567.0 -122.2693...

MULTIPOLYGON (((-122.27777 37.84752,

Mode: Command & Ln1,Col1 east-bay-heat-wave.ipynb

Jupyter Notebooks

Barriers to working with geospatial
data are high.

Programming Systems

- Geospatia

avasScript

» Must develop proficiency with programming

| programming abstractions are
ncreasingly common in Python, R, and

geopandas

languages and environments
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Background

Research has yet to explore the specific obstacles domain experts
face in their work with geospatial data.
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Background

Contribution

The goal of this research is to identify
the computing needs of domain
expert geospatial data users.
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We conducted a contextual inquiry study with
25 participants.

Number of Participants

1 2 3 4 5 6 7 8 9 10 11
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We conducted a contextual inquiry study with
25 participants.

Number of Participants

1 2 3 4 5 6 7 8 9 10 11
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Study Design

Session Structure and Analysis -
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Findings

We 1dentified 12 challenges across five phases of participants work

with geospatial data.

Data

Data Discovery Transformation

7~ Aligning Geospatial ™

Solving Geospatial
N\ Datasets

Data Constraints

= —

1o poro IS

Reducing Resolution
to Improve
Performance

Data Subsetting and
Caching

Analysis

[dentifying Geospatial
Operators

Understanding
Geospatial Operator
Semantics

Visibility of Geometry
in Programming
Environments
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Geospatial Analyses ~ NCartographic Variants /
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Aligning Geospatial Datasets

Participants needed to transform datasets to a shared spatial and
temporal reference for analysis, but alignment required complex
preprocessing.

Reprojection Resampling Clipping Temporal Aggregation

22



Aligning Geospatial Datasets

PE2’s Task. Develop a model to predict groundwater withdrawal.

Spatial Resolution Temporal Interval Geographic Extent
500m 8'Day Global
4638.3m Monthly Conterminous U.S.
30m Yearly Conterminous U.S.

USDA-NASS
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Aligning Geospatial Datasets

PE2’s Task. Develop a model to predict groundwater withdrawal.

Spatial Resolution Temporal Interval Geographic Extent
500m 4638.3m 8-Day Global
: Resample :
4638.3m Monthly Conterminous U.S.
30m 4638.3m Yearly Conterminous U.S.
: Resample :

USDA-NASS
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Aligning Geospatial Datasets

PE2’s Task. Develop a model to predict groundwater withdrawal.

Spatial Resolution

500m 4638.3m

Resample

4638.3m

30m 4638.3m

e oo S8 R es amp l e
USDA-NASS

Temporal Interval

8-Day Yearly

Monthly Yearly

Yearly

25

Geographic Extent

Global

Conterminous U.S.

Conterminous U.S.



Aligning Geospatial Datasets

PE2’s Task. Develop a model to predict groundwater withdrawal.

Spatial Resolution

500m 4638.3m

Resample

4638.3m

PRISM

30m 4638.3m

Resample

USDA-NASS

Temporal Interval

8-Day Yearly

Monthly Yearly

Yearly
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Geographic Extent

Global Kansas
............ Clip

Conterminous U.S. Kansas
............ Clip 500060 b 000000

Conterminous U.S. Kansas
............ Clip



Aligning Geospatial Datasets

Aligning geospatial datasets required participants to have significant
fluency in geospatial data theory in addition to contextual information
about the datasets themselves.

Bitwise Left Shift
o

. Kriging
Server Toolbox ~ Raster Calculator
Ready to Use Toolbox Iso Cluster Unsupervised
Spatial Analyst Toolbox . Fuzzy Overlay

. o - Zonal Hist

Spatial Statistics Toolbox Zanidnincird sy (R

e (DT Flow e mies

. +35 More .. +200 More

Identify the correct sequence of Determine when selected transformations
transformations among hundreds of operators produced undesirable results
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Findings

We 1dentified 12 challenges across five phases of participants work

with geospatial data.

Data

Data Discovery Transformation

7~ Aligning Geospatial ™

Solving Geospatial
N\ Datasets

Data Constraints

= —

1o poro IS

Reducing Resolution
to Improve
Performance

Data Subsetting and
Caching

Analysis

[dentifying Geospatial
Operators

Understanding
Geospatial Operator
Semantics

Visibility of Geometry
in Programming
Environments
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Representation Visualization
Reproducing ,
Geospatial Analyses ~ NCartographic Variants /
Creating Informal Geospatia

Program [nformation in
Representations Design Software



Sketching Cartographic Variants

Participants wanted to visualize GEERET RN R
their data using many different ' B
cartographic representations to:

[dentify the map type that =
represented their data most Sk e
effectively P
Produce tangible artifacts for
collaborators to evaluate
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Sketching Cartographic Variants

PJ5 created over 20 draft maps for a story on biased predictive

policing algorithms.

Elgin, IL Haverhill, MA

Where a Police Algorithm Predicted Crime
Graphics dek: 16px Messina Regular
. Share of population which is white

0 500 1,000 1,500 2,500 predictions In the jurisdiction of | Haverhill, Mas: V| the block groups
5 000 ,500 2,500 prediction:
§‘{ Crime predictions 1 [ I — where PredPol was most likely to predict crime had a 23% lower

proportion of | white V| residents.

rime prediktions in Haverhill, Mass. White population by block group

Neighborhoods with an above-average
share of the Latino population

Jurisdiction **fj*°|
average

Block groups with an
above-average share of

White population k' .

In the jurisdiction of Haverhill, Mass. the Where a Police Algorithm Predicted Crime
Haverhill, MA neighborhoods where PredPol was most likely to
predict crime had a 23% higher proportion of In the jurisdiction of the block groups
. Share of population which is white Latino residents.

where PredPol was most likely to predict crime had a 23% higher
’\?v’ Crime predictions

proportion of residents.

rime predigtions in Haverhill, Mass. Latino population by block group

L] Hop!
lock groups with an above-average share of Latino population Block groups with an above-average share of White population fF

Block groups with an
above-average share of
Latino population

horopleth and Gridded Heat Map Gridded Heat Map

Dot Density with Bar Charts
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Sketching Cartographic Variants

Producing most map variants required going through the entire
analysis and visualization pipeline.

Additional Data Transformation Across Multiple Tools

31



Sketching Cartographic Variants

Participant E5

- s e m T em

" National

: _——-
" -

Participants tried to speed up e - Yor

the drafting process in
creative ways. One common S,
technique 1nvolved 5 (S
screenshotting in-progress fllieesi
maps.
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Sketching Cartographic Variants

Participants tried to speed up
the drafting process in
creative ways. One common
technique involved
screenshotting in-progress
maps.

Participant J6

@ Figma File Edit View Object Vector Text Arrange Plugins Window Help B/F® QMo 3 @ = N @ Q 8- TueFeb22 3:35PM

AmERB: w0817 map

N& .2 U B . i " ™ ab617 map E S 7%
Browser
R2YHe

% Favorites
» WM Spatial Bookmarks

» B4 Project Home L
+ B Home
rm/
» I [Volumes
Layers
YAGY - ER
v @ ab617_comms POINT|
1000% <
T E
-8

Statistics

Screenshots

g0t groen
-
AREA
L]
Statistic Vale

Count 6 -
Sum 1.2872%e+ 11

Mean 214535e41(

Selected features only

Coordinate Capture

Save Symbol.. Advanced -

L Copy to Clipboa

Start Capture v Liveupdate  Apply

Coordinate -118767,-123385 Y Scale 11020399 Magnifier 100% : Rotation 0.0° $ V Render @ EPSGIN0
@ Figma File Edit View Object Vector Text Arrange Plugins Window Help O/F® QMM 32 B ®m N @ Q 8- TueFeb22 3:35PM
AmERB: ave17 map
o -
A& .2 U - - O- - T & ( ab617 map E s 7%
Browser
R2YEre Layers
% Favorites &
» W Spatial Bookmarks i
» B Project Home v Paget 5 ~ ) L
+ B Home
>/
» I [Volumes
Layers
Yo T o-0&Em
v ® ab617_comms_POINT|
100.0 %
» alenviroscreendOshp g
o |
-8
=

Statistics

Layouts

do1 graen
-
AREA
©
Statistic Vaive

Count 3 ,
Sum 1.2872%e+1

Mean 214535e+1(

Selected features only

Coordinate Capture

Save Symbol.. Advanced -
% Copy to Clipboal

Start Capture v Liveupdate  Apply

Coordinate -118767,-123385 % Scale 11020309 Magnifier 100% % Rotation 0.0° SV Render @ EPSG3310
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Screenshotting came with limitations.

1. Only allowed users to capture cartographic changes within a map
type rather than across map types

2. Once a final map design was chosen, participants had to
reproduce the selected draft in code
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Design Opportunities

We synthesized six design opportunities for designers and
developers of geospatial analysis and visualization systems.

Solving Geospatial Data

Constraints

Opportunity 1. Participants struggled to find geospatial data satisfying
complex spatial and temporal constraints (Section 5.1). While many could
describe their constraints succinctly, satisfying them involved construct-
ing bespoke workflows to combine, align, and simplify their raw datasets
(Section 5.2). These challenges suggest an opportunity for tools that (1) of-
fer alternative programming abstractions to express data constraints and
(2) infer geospatial data queries and transformations from constraints.

Assistive Tools for

Constructing Geospatial

Analysis Pipelines

Opportunity 2. Participants could describe the target outputs of their
geospatial analyses but struggled to construct pipelines to produce them
(Section 5.3). This suggests an opportunity for tools that (1) accept non-
code specifications of analysis intent, (2) synthesize analysis programs
that satisfy specifications, and (3) support users in editing programs.

Opportunity 3. Participants relied on running operators and manu-
ally inspecting outputs to understand operator semantics (Section 5.3.2).
This was computationally expensive and time-consuming, suggesting
an opportunity for tools that surface information on operator semantics
without requiring execution across entire inputs.

37

Reproducible, Shareable

Geospatial Workflows

Opportunity 4. Participants using GISs struggled to create reproducible,
shareable geospatial workflows (Section 5.4.2). Limitations in existing
history interfaces made it difficult to recover information on the cur-
rent analysis state or revisit past analysis decisions (Section 5.4.1). These
struggles suggest opportunities for tools that (1) support efficient search
through system history and (2) distill history into a portable and exe-
cutable representation.

2

>

Exploring the
Cartographic Design
Space

Opportunity 5. Participants wanted to visualize their geospatial data
using multiple cartographic representations, but transitioning between
representations required engineering each one from scratch (Section
5.5.1). This suggests an opportunity for cartographic design tools that
reduce the viscosity [8] of switching between map types.

Opportunity 6. Many participants used direct manipulation design |
software to visualize geospatial data. These tools discard all geographic
information, making it difficult to refactor an analysis once visualization
work has begun (Section 5.5.2). This suggests an opportunity for tools that
(1) bridge geospatial analysis and cartographic design and (2) maintain
the underlying geospatial data representation of graphical elements while
supporting direct manipulation.

———

e ————



Design Opportunities

Opportunity. Cartographic design tools could focus on reducing the
“viscosity’ of map type transitions.

A

o Restrict geospatial file formats, data
models, and map types

= Could not express many of the maps
participants made

) N B araewian e Vo
] | ) KK 00 p\ V&S ) ‘,

plot

vega-lite

ggplot?

Possible Solution. Grammar of Graphics
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Design Opportunities

Opportunity. Cartographic design tools could pair programmatic
and direct manipulation paradigms for map construction.

o Edit source or output and propagate
edits bidirectionally

= Design maps using direct
manipulation while giving access to
program representations

>\ Sketch-n-Sketch
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Introducing cartokit

A direct manipulation programming system for
interactive cartography on the web.

(&)

Layers

»

. cartokit

QO D localhost

) NIFC 2023 Fires ®

g% WaPo Temperature Regions &

years_2020_2039

-115.

98

“w o B @B ® @ 5 =

Properties

[ ] (5] @ cartokit

(6] O D localhost

Layers +

Map Type

Choropleth v

Attribute

years_2020_2039 v

Palette

Method Jenks v

Steps 6 v

Color Scheme i

Opacity 75%

View Source

@, NIFC 2023 Fires ®

v
Q o w . & @ é =
1, const map = new mapboxgl.Map({
2 container map",
Properties 3 style: "mapbox://styles/mapbox/dark-v1e",
4 center: [-81, 26.5],
5 zoom: 7,
6 1)
Map Type 7
8, map.on("load", () => {
Proportional Symbol v const centroids = data.features.map((feature) => {
return turf.feature(turf.centroid(feature).geometry, feat
1o
Attribute map.addSource(*nifc-2023-fires", {
type: "geojson",
poly_Acres_AutoCalc v })data: turf.featureCollection(centroids),
i
map.addLayer({
Size id: "nifc-2023-fires",
ifc-2023-fires",
Min 1 ‘circle",
"#da5824",
Max 50
’
["linear"],
["sqrt", ["get", "poly_Acres_AutoCalc"]],
Fill o,
1,
Fill #da5824 584.5802494674336,
50,
1,
Opacity  75% “circle-opacity": 0.75,

}
H;
b

Hide Source
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° O | @ cartokit
C QO D localhost
Layers +

@, NIFC 2023 Fires &

" CA National Parks ®

Properties

Map Type

Dot Density v

Attribute

Shape__Area v

Dots

Dot Size 1

Dot Value | 21544234

Fill
Fill [l #3ed6fd

Opacity 100%

Hide Source

Ma Man ~antrib

A ® & e oo R @ ® 06 O =

1, const map = new mapboxgl.Map({
containe “map",
style: "mapbox://styles/mapbox/dark-v10
center: [-81, 26.5],
zoom: 7,
s

+ map.on("load", () => {
v const centroids = data.features.map((feature) => {
return turf.feature(turf.centroid(feature).geometry, fe
i

+  map.addSource("nifc-2023-fires", {
type: "geojson",
data: turf.featureCollection(centroids),
i

v const dots = data.features.flatMap((feature) => {
const numPoints = Math.floor(feature.properties["Shape_

const bbox = turf.bbox(feature);
const selectedFeatures = [1;

while (selectedFeatures.length < numPoints) {
const candidate = turf.randomPoint(1, { bbox }).featu

if (turf.booleanWithin(candidate, feature)) {
selectedFeatures.push(candidate);
}
}

return selectedFeatures.flatMap((point) => {
return turf.feature(point.geometry, feature.propertie
b

map.addSource("ca-national-parks1", {
type: "geojson",
data: turf.featureCollection(dots),
H;

map.addLayer({
id: "nifc-2023-fires",
nifc-2023-fires",

‘circle-colo #da5824",
"circle-radius": [




Introducing cartokit

A direct manipulation programming system for
interactive cartography on the web.

o0 ) | @ cartokit o+

- B @ ® @ &

< C QO DO localhost:5173

+ - Edit programs through direct

Map Type

: man/'pu ation of the ou tout

Attribute

Je NIFC 2023 Fires ®

gf WaPo Temperature Regions ®

years_2020_2039
-115.98 -
-47.19 -
years_2020_2039 v

-27.77 -~

-16.31 -
i3 < Palette

4.67 -
Method  Jenks v
15.96 -
Steps 6 v ST Cra—p : T CEa— :
<« (¢] O D localhost:5173 5 &« @ O D localhost:517 2 B
+ const map = new mapboxgl.Map({
Color Scheme . container: "map, o .
| =5 Layers + Properties style: " poox:/ ;]’—‘n"*s mapbox/dark-v1e", Layers + Properties
[IEWSTATES: 7 e
OF AMERICA i ; ¥ )
OF AMERICH I . 4 . ) 0 it 75% @, NIFC 2023 Fires ® Map Type @, NIFC 2023 Fires & Map Type
5 2 4 f pacl y v map.on("load", () { v map.on("load", ()
Proportional Symbol ® . const centroi ata. features.map( (feature) => { CA National Parks ® Dot Density v ata. features.map( (feature) => {
0 return turf.feature(turf.centroid(feature).geometry, feat| return turf.feature(turf.centroid(feature).geometry, fe
»i N
Attribute »  map.addSource("nifc-2 Attribute map.addSource("nifc-2023-fire {
type: “geojson”, y
poly_Acres_AutoCalc 9 turf. featureCollection(centroids), Shape_Area v b
const dots = data.features. flatMap((feature) =
Size res", Dots const numPoin Math. floor (feature. prope:
nifc-2023-fires"
Min 1 DotSize 1 const bbox = turf.bbox(feature);
const selectedFeat s
Max 50 Dot Value | 21544234/ while (selectedFeatures.length < numPoints) {
const candidate = turf.randomPoint(1, { bbox }).featu
. utoCale'l], . if (turf.booleanWithin(candidate, feature)) {
Fill Fill selectedFeatures.push(candidate);
1,
Fill #da5824 584.5802494674336, Fill M #3edsfd i
se,
, . return selectedFeatures. flatMap((point) =
Opacity 75% circle-opacity": .75, Opacity  100% return turf.feature(point.geometry, feature.propertie
Ny ¥
s

map. addsource (" ca-nat ional-parks1”, {

son”

turf. featureCollection(dots),

map. addLayer ({
id: “nifc-2023-fires",
source: "nifc-2023-fires",

View Source
Hide Source Hide Source

© MapTiler © OpenStrestMap contributors




Introducing cartokit

A direct manipulation programming system for
interactive cartography on the web.

[ ) 5 ] @ cartokit X P v

<« G O [ localhost w ) B & @

1, const map = new mapbox
contain "map",

R —— el § e, thesjze the program

2
3
4
5 zoom: 7,
6 });
7
8
9

Layers + Properties

.0'. NIFC 2023 Fires ® Map Type

v map.on("load", () => {
+ const centroids = data.features.map((feature) => {

Proportional Symbol v
10 return turf.feature(turf.centroid(feature).geometry, feat
11 13 H
12
Attribute 13 map.addSource("nifc-2023-fires", {
14 type: "geojson",
poly_Acres_AutoCalc v 15 data: turf.featureCollection(centroids),
16 b
17
18 map.addLayer
Size 19 id: "nifc-2023-fires",
20 nifc-2023-fires",
Min 1 21 rcle",
22
23 ""circle-colo "#da5824",
° pl] (O <+ v Max 50 24 “circle-radius": [ ° 2 + v
« (¢} O O localhost & e R @@ 6 N = 25 "interpolate « @ O D localhost B
26 [" linea r"] ’ . const map « mapboxgl.Map({
containg 'map",
Layers + Properties 27 ["sqrt", ["get", "poly_Acres_AutoCalc"]], Layers + Properties SEpLs g sytes s o1
- center: [
Fill 28 0, e I —— soons 7,
o NIFC 2023 Fires ® " Map Type 29 1, @, NIFC 2023 Fires & Map Type i
. map.on("load", () => {
i Ch leth v H i ot Densif v 9, onst centroids = . res.m ature) =>
L CETR Tt (s @ oroptet Fill #da5824 30 584.5802494674336, & CA National Parks © ot Densiy ety sunt.festure (urt controta(festure) geametry.
years_2020_2039 31 50 ) o I — b;
-115.98 - Attribute 32 Attribute . map.addSource("nifc-2023-fires", {
-47.19 - o type: "geojsor
o years_2020_2039 . OpaC|ty 75% 33 cle—opacity" . 0. Shape_ Area v turf, featureCollection(centroids),
et 34 const dots = data. features. flatMap((feature) => {
.12 Palette 35 Dots const numPoints = Math. floor(feature.properties["Sha
e -
- 36 batsize 3 et S e o feturel
| ' Steps 6 v 37 Dot \'gmc . while (selectedFeatures.length < numPoints) {
i const candidate = turf.randomPoint(1, { bbox }).featu
£ Color Scheme . if (turf.booleanWithin(candidate, feature)) {
1 selectedFeatures.push(candidate);
Opacity  75% i3
Fil Ml #3edsfd ¥

return selectedFeatures. flatMap((point) => {
Opacity 10e% 33 return turf.feature(point.geometry, feature.propertie

hi

map. addSource("ca-national-parks1", {

Hide Source

View Source Hide Source

“circle-radius’
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Introducing cartokit

A direct manipulation programming system for
interactive cartography on the web.

Support sophisticated

geospatial data
transformations

(] 0 | @ carokit x|+ v (] ® @ cartokit x|+

[ ] 5] @ cartokit
C O D localhost
Layers <+

w @ & = - BB @ 6 O =

<« (¢} O D localhost: b “m e R @2 6 N = « (¢} O D localhost
Layers + Properties Layers + Properties
o NIFC 2023 Fires ® Map Type @, NIFC 2023 Fires ® Map Type

¥ VWaPo Temperature Regions ® Choropleth v Proportional Symbol

« map.on("load", () => {
v 9. const cent = data. features.map((feature) => {

years_2020_2039
-115.98 - Attribute Attribute
4719 -
years_2020_2039 v poly_Acres_AutoCalc
—27.77

16,31

return turf.feature(turf.centroid(feature).geometry,
)

s Palette Size
a6 -
15.96 Method  Jenks v T @

Steps 6 v Max 50

§ Color Scheme .
Fill
Opacity 75%
Fill #da5824

Opacity  75%

B View Source

“poly_Acres_AutoCalc"]],

1,
584.5802494674336,
50,

1,
“circle-opacity": 0.75,
h

Hide Source
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,.. NIFC 2023 Fires &

" CA National Parks ®

Properties

% . ooel w u & 9 sn]

Map Type

Dot Density

Attribute

Shape__Area

Dots

Dot Size 1

Dot Value | 21544234

Fill
Fill [l #3ed6fd

Opacity 100%

Hide Source

1, const map = new mapboxgl.Map({
container: "map",
style: "mapbox://styles/mapbox/dark-v1e",
center: [-81, 26.5],
zoom: 7,
H;

v map.on("load", () => {
. const centroids = data.features.map((feature) => {
return turf.feature(turf.centroid(feature).geometry, fe

});

map.addSource("nifc-2023-fires", {

type: "geojson",

data: turf.featureCollection(centroids),
13 H

const dots = data.features.flatMap((feature) => {
const numPoints = Math.floor(feature.properties["Shape_

const bbox = turf.bbox(feature);
const selectedFeatures = [];

while (selectedFeatures.length < numPoints) {
const candidate = turf.randomPoint(1, { bbox }).featu

if (turf.booleanWithin(candidate, feature)) {
selectedFeatures.push(candidate);
}
}

return selectedFeatures.flatMap((point) => {

return turf.feature(point.geometry, feature.propertie
s
s

map.addSource(*ca-national-parksl", {
type: "geojson",
data: turf.featureCollection(dots),
13N

map.addLayer({
id: "nifc 3-fires",
source: "nifc-2023-fires",
type: "circle",
paint: {
“circle-color": "#da5824",
"circle-radius": [




Introducing cartokit

A direct manipulation programming system for

interactive cartography on the web.

Core Challenge. Transforming data to achieve o o [omm ]+

< @] O DO localhost

different cartographic representations. s s

’.. NIFC 2023 Fires &

" CA National Parks ®

s

Choropleth 7 Dot Density

. Thpe
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Properties

ﬁ? @ a el w . <§> @ ﬁ

Map Type

Dot Density v

Attribute

Shape__Area v

Dots

Dot Size 1

Dot Value | 21544234

Fill
Fill [l #3ed6fd

Opacity 100%

Hide Source

1, const map = new mapboxgl.Map({
2 container: "map",
3 style: "mapbox://styles/mapbox/dark-v1e",
4 center: [-81, 26.5],
5 zoom: 7,
6 });
7
8 , map.on("load", () => {

. const centroids = data.features.map((feature) => {

return turf.feature(turf.centroid(feature).geometry, fe

});

map.addSource("nifc-2023-fires", {

type: "geojson",

data: turf.featureCollection(centroids),
13 H

const dots = data.features.flatMap((feature) => {
const numPoints = Math.floor(feature.properties["Shape_

const bbox = turf.bbox(feature);
const selectedFeatures = [];

while (selectedFeatures.length < numPoints) {
const candidate = turf.randomPoint(1, { bbox }).featu

if (turf.booleanWithin(candidate, feature)) {
selectedFeatures.push(candidate);
}
}

return selectedFeatures.flatMap((point) => {

return turf.feature(point.geometry, feature.propertie
s
s

map.addSource(*ca-national-parksl", {
type: "geojson",
data: turf.featureCollection(dots),
13N

map.addLayer({
id: "nifc-2023-fires",
sourc ifc-2023-fires",
type: cle",
paint: {
“circle-color": "#da5824",
"circle-radius": [




Change in deaths linked to temperature
Projected average for 2080-2099, compared to a world without additional emissions

Decrease | Increase

D -400 -200 -100 +100 +200 annual deaths
I I l per 100,000 people

Can we reproduce this
oraphic! from the
Washington Post using

cartokait?’

1. Will global warming make temperature less deadly?

Washington Post https://www.washingtonpost.com/climate-

e ﬂ\/i ronme ﬂt/l ﬂte [a Ct|Ve/2023/h Ot‘CO ld ‘eXt rem e‘te m pe ratU fe- Globe shows RCP4.5 scenario. Antarctica left blank because it has no permanent human
d eaths / population.
. Source: Climate Impact Lab via Human Climate Horizons. Method detailed in Carleton et. al.,

47 2022.



https://www.washingtonpost.com/climate-environment/interactive/2023/hot-cold-extreme-temperature-deaths/
https://www.washingtonpost.com/climate-environment/interactive/2023/hot-cold-extreme-temperature-deaths/
https://www.washingtonpost.com/climate-environment/interactive/2023/hot-cold-extreme-temperature-deaths/

