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The Spatial Sciences

as a field of study and body of knowledge and skills
around which one might build a successful career
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The spatial sciences ...

Combine multidisciplinary fields of scientific study with geospatial technologies
including Geographic Information Systems, Global Positioning Systems, and
Remotely Sensed Imagery
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Spatial sciences graduates ...

o Will possess an advanced knowledge of these technologies, experience in
the interpretation and processing of satellite images as well as other digital
data streams, a broad understanding of computer applications and
database management ...

—

* “For the greatest bencfit to mankind”

2017 NOBEL PRIZE F e
IN LITERATURE ¢f 71
zgo‘lshiguro X ’jé’ 7

and the spatial principles and methods used to characterize the role of
location in the functioning of the Earth and everything people do on it
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The current geospatial domain ...
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Esri’s Geospatial Ecosystem ..

System of Engagement

AL

: i

[ 1

System of Record System of Insight

A

Web GIS

Supports Multiple
Types of Systems

Powered by cloud computing and a growing geospatial infrastructure
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User styles

Maps
ModelBuilder
Python notebooks
Runtime SDKs
Al Assistants

Analytics

Spatial analysis
Spatial modeling

Artificial Intelligence
Deep learning
Machine learning
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Esri’s Living Atlas of the World

Thousands of Ready-to-Use Maps
and Datasets
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... Aliving Atlas for the Planet
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Geospatial Big Data

Geospatial Applications in a World Awash
with Geospatial Data
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Geospatial data sources and styles

o Location-based devices and services
o Volunteered and ambient geographic information

o Remote sensing

In-situ sensing

Traditional satellite and high-altitude airborne remote sensing systems
Nanosatellites

Street-level imagery

O O O O O

Unmanned aerial systems

o Sensor networks and the Internet of Things

o 3D modeling, video, and virtual and augmented reality systems

o Digital twins and building information models
o 3D city models
o Spatial video
o Virtual and augmented reality systems
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Location-based devices and services
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Volunteered and ambient geographic
information

@ SAHANA &\ Mapillary

EDEN
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OpenStreetMap
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In-situ remote sensing
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Street-level imagery

OpenStreetCam

<% Mapillary
> Bing maps

cyclomedia
—
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Unoccupied aerial systems
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Sensor networks & the Internet of Things

Internet of Things (loT)
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police fire noise co2 nitrates
ol o : temperature humidit
surveillance geses P y
> Weathe:th K Sl atmospheric pressure radiation
w;.ar.rzlr:.gs . dqtga = pesticides electromagnetic feedback
PrOCIPIARION; Sicy COnSEE rain gauges water level gauges
Airports water quality - air quality
flight status  queues / \
plane location  runway statUS/ Buildings
Connected Cars R lighting  hvac

autonomous driving traffic conditions holes =
parking meters road conditions slippery areas

network improvements

occupancy counts
Energy Usage
electricity gas smart meters

City Workers

sanitation snow plows

Randall Frantz,
President at RCF
Consulting,
predicted in 2018

Transit
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installed loT social activity P,Ubllc Health
devices by 2025 hospitals ambulances
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3D modeling, spatial video, augmented
and virtual reality systems

Digital Twin
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3D modeling, spatial video,

and virtual reality systems

QOriginal environment
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Topological ™
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y W
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augmented

Lin & Batty (2011)

Hudson-Smith
& Batty (2021)
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Digital twins

— South Boston Dot Ave  Scenario 2 - Proposed Zone Change ¥ Zoning~  Development

«  Overview

v/ Schematic
Satellite
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Take a screenshot

Get help

Terms of use
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Dlgltal Twin: Connecting the virtual and physical worlds to accelerate
transformational innovation
Transmit data

Transmit parameters

Save results

Evaluate
simulation

Save data

Collect
data Simulate
properties
REAL DIGITAL
PRODUCT LIKENESS = -
> ¥ Very parameters
Use product S i
Make settings Evaluate/
Radiant Digital analyse data
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Geospatial Applications
Fitness for Use and Geospatial Metadata
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A typical Montana landscape ...
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Building blocks ...

Applications ‘

Interpretation - Visualization
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Raster DEM

Detailed view of
raster cells

645 | 650 | 654 | 658|653 | 648
664|666 |670| 672|668 | 659
q 678|682 | 684| 693|689 (680

703| 708|714 | 721|719 | 716

728|732|738|744|745|732

Fig. 2-42: Data may often be
represented in several data models.
Digital elevation data are commonly
represented in raster (DEM), vector
(contours), and TIN data models
(Bolstad)

730 739|744 (749|748 | 735

Vector contours
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Role of metadata and fithess-for-use

o How can one judge the quality and
fitness-for-use of a data set?

1| oo
o The most popular answer is likely | 2o Gy
to suggest one checks the _ (EGEND
metadata —3.—loghcen
o A metadata report is an explicit vesars [ |, [E
assessment of the quality of a data set — Soor
and something that should accompany 5. e
the data
_B'_. ?rilzrrir?l:ttmn
o Numerous organizations have created L[
standards for spatial data quality ormaton

metadata, including the U.S. Federal
Geographic Data Committee
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Metadata

o Metadata is information about data

o Similar to a library catalog record, metadata records
document the who, what, when, where, how, and
why of a data resource

o Geospatial metadata describes maps, Geographic
Information System (GIS) files, imagery, and other
location-based data resources

o The Federal Geographic Data Committee (FGDC)
is tasked by Executive Order 12906 to enable
access (see GeoPlatform.gov) to National Spatial
Data Infrastructure (NSDI) resources and by OMB
Circular A-16 and the A-16 Supplemental Guidance Vi
to support the creation, management, and W | — fgdc
maintenance of the metadata required to fuel data i e > &
discovery and access
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Geospatial Data Applications
Choice of Data Model (Part I)
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Fig. 2-19: Vector and raster data models (Bolstad)
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Attributes:
lot #: 1347
street: Willow

/‘-‘;03 tfown: Hopkins
- (13,7.1)
ot Fig. 2-4: Coordinate and attribute data
are used to represent spatial entities
(Bolstad)
(5.8,2.1)
t : —
0,0%, 5 10 15
origin %
USCDOrnSlfe CHOICE OF DATA MODEL - PART | | 32

Dana and David Dornsife ) ] .
College of Letters, Arts and Sciences Spdtl al Sciences Institute



Fig. 2-30: Important defining characteristics
of a raster data model (Bolstad)

I cell .
dimension

LcoordimTes of lower-left cell
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X
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100 meter, 4 cells 50 meter, 16 cells 25 meter, 64 cells

Q) b) c)

Fig. 2-31: The number of cells in a raster data set depends on the cell size. For a given area, a linear
decrease in cell size causes an exponential increase in cell number, e.g., halving the cell size causes
a four-fold increase in cell number (Bolstad)
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Fig. 2-32: Discrete or categorical
data may be represented by
codes in a raster data layer
(Bolstad)
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a) Any cell rule Near cell center rule

b)

Raster Cell ;enTer points Smoothed line

Fig. 2-36: Vector to raster conversion (a) and raster to vector conversion (b). In (a), cells are assigned to a
raster if they intersect with a converted vector. The left and right panels show how two assignment rules
result in different raster coding near lines. Panels in (b) show how raster data many be converted to vector
formats, and may involve line smoothing or other operations to remove the “stair-step” effect (Bolstad)
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Geospatial Data Applications
Choice of Data Model (Part I1)
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Fig. 2-37: ATIN data model defines a set of adjacent triangles over a sample space (left). Sample points,
facets, and edges are components of TIN data models. Triangles are placed by convergent circles. These
intersect the vertices of a triangle and contain no other possible vertices (right) (Bolstad)
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Stream net Stations

Fig. 2-39: Object-oriented data models
allow us to encapsulate complex objects
that may be a combination of many different
features and feature types, while explicitly
identifying the embedded complexity in a
standard way. Constraints such as
topological relationships across objects may
also be represented (Bolstad)
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Schematic Diagram
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Basin Sub-basin RouteArea
V\\A/?TTerrIeSTure e Waterfeature area_sgkm
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WaterCode WaterCode Routeline
AP Catchment w”
. RoutePoint] ©
iosqnff;‘rum RoufeFeature PO“’kID
asin District
BasinArea Routel
RouteType Outlet |— Dam
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Stream net Stations -
IowN\easure
Streamfeature StreamJunction Waterfeafure
StreamID JunctionID WaterID en‘rh\c
StreamCode WaterCode
Reachname Streamsegment|'d HEOChemlsTr

SegmentID
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Bankwidth

Topological Constraints:

*a - RouteAreas must be contained within Basin
*b - RouteLines must be on Streamsegment

*c¢ - RoutePoints must be on Routelines

*d - Streamsegments must be in sub-basin

*e - Stations must be on Streamsegment
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Fig. 2-41: An example of a reality mesh as a 3-D model. Surface geometry is recorded in a 3-D triangulated
irregular network, while a corresponding “texture” surface is projected on to corresponding facets (Bolstad)
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Geospatial Data Applications
Choice of Map Projection and Coordinate System
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Fig. 2-7: Geographic coordinates on a spherical (left) and Cartesian (right) representation. Notice
that “circles” defined by a 5-degree radius do not form circles on the Earth’s surface near the poles,
as shown on the spherical representation (left), but appear as circles on the highly distorted
Cartesian plot of geographic coordinates (right). This figure illustrates both that (a) the surface
distance for a unit of longitude changes depending on your location on Earth, and (b) a Cartesian
plot of geographic coordinates is highly distorted (Bolstad)
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Fig. 3-36: Curved representations of straight lines are a manifestation of projection distortion. A great
circle path, shown above, is the shortest route when flying from Paris to Seattle, and commonly appears
distorted when displayed (Bolstad)

USCDOI' flSife MAP PROJECTIONS & COORDINATE SYSTEMS | 44

Dana and David Dornsife ] ] .
College of Letters, Arts and Sciences SPdeﬂ[ Sciences Institute



70°W  60°W 50°W  40°W  30°W  20°W

80°N

70°N

60°N

70°W  60°W 50°W  40°W  30°W  20°W

80°N

70°N

60°N

80°N 80°N

60°N

70°N ¢ 70°N

60°N 60°N

|
y

90°W 70°W 50°W 30°W 10°W 0° 10°E 80°W 70°W 60°W 50°W40°W 30°W 20°W 10°W

7
o

Q
10

Fig. 3-37: Map projections can distort the shape and area of features, as illustrated with these various
projections of Greenland, from (a) approximately unprojected, (b) geographic coordinates on a plane, (c) a

Mercator projection, and (d) a transverse Mercator projection (Bolstad)
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USA Lower-48 UTM Zones
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Fig. 3-41: State plane zone boundaries, NAD83 (Bolstad)
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FIPS codes of State Plane FIPS codes of State Plane

zones for use with NAD27 zones for use with NAD83
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Fig. 3-43: State Plane coordinate system zones and FIPS codes for California based on the NAD27 and
NADB83 datums. Note that zone 407 from NADZ27 is incorporated into zone 405 in NAD83 (Bolstad)
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Geospatial Value Proposition
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A world awash with geospatial big data ...

Terabytes to
Exabytes of existing
data to process

Streaming data,
requiring milliseconds
to seconds to respond

Structured,
unstructured, text,
multimedia,...

Uncertainty due to
data inconsistency &
incompleteness,
ambiguities, latency,
deception, model
approximations

Business models can
be associated to the
data
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Geospatial Data Applications
Managing Natural Resources
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Montana State University’s Red Bluff
Research Ranch
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Modeling soil and water resources

‘ Applications ‘

vt b

’ Interpretation ‘ - ‘ Visualization ‘ New Analytical Methods

in Earth and
} }
C Final DEM ]

Environmental Science

Correct errors and artifacts in surface model

Check for and eliminate spurious pits
e Check for and resolve unresolved flow directions -
Reconcile DEM and streamlines
Check for and remove remotesensing artifacts

!

—|  Create surface model from sampled heights | =—

1 John P. Wilson
Sample the land surface
Choice 1 or more - ‘5’”55"“{‘ -
elevation data network(s) ;
Contour-based networks — C“"‘“e°”E°E£,E£§S£Z§§§£ff IS
Grid-based networks Tangidssrgibrocteas
Triangulated irregular networks ?

Reality

LiDAR point clouds

WILEY Blackwell
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Spatial analytics | Actionable information

dependent regression residual
variable coefficients variable

Geographically N 3 4
Weighted Vi =Z j]xy +é, i
J

1... N (number of observations)

nu

i=0 Jj=0..M (number of ind. variables)
regression
eg €sslo the j'th variable at
observation /
&
Site-scale climatic data Site location information DEM data =
[5) RADI_MUL_CHN_DAY-198101.TXT | N A i T - -9
/50468 5015 12727 1658 1981 1 + C 447 f-ul' |
/50468 5015 12727 1658 1981 1 2 541 = L.
50468 5015 12727 1658 1981 1 3 509
/50468 5015 12727 1658 1981 X 4 575 5 ﬁ
/50468 5015 12727 1658 1981 1 5 463 —
/50468 5015 12727 1658 1981 1 6 524 h
50468 5015 12727 1658 1981 1 7 612 H
[50468 5015 12727 1658 1981 1 8 645 =
L1l
: &
Preprocessing (MATLAB) o
e |
y

Formatted output (MATLAB, *.txt)

"‘ ————————— — ANUSPLIN command files (*.cmd) |

L et e e e i 550 i -
ANUSPLIN interpolation Spatial data of Spatial data of
(Splina.exe & Lapgrd.exe) climatic feature interpolation error

b £
Spatial ASCII data (*.txt)

Format

conversion

Thin plate splines Kriging
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Precision farming ...

Vegetgtion Health

Land Cover

High-resolution
Monitoring

Aerial Images Pest Control

s 28 &8s RLL_N% =~ ‘ ‘mg
Geospatial technologies in agriculture (GIS, GPS, loT) is revolutionizing farming by
optimizing planting, water management, crop monitoring, and more, leading to increased

yields, less soil and water degradation and reduced costs
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Geospatial Data Applications

Protecting Human Life and Critical Infrastructure
During Natural Disasters
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MITRE Uses ArcGIS Knowledge To Analyze Critical
Infrastructure Dependencies

@ 5 v My B B8 G &« ¢ B B X v T FedGIS2025 mitre v “ommand Search (Alt+Q) P | Amy- ArcGISEnterprise 114 AC @ 2 - 68 X
Projet Map Insert Analysis View Edit Share Help Time Group Layer
Contents v & x [Enk & d Inf  Radar > o2 Power Centrality 15 Centrality: Power Centrality < Find Vulnerabilities 88 &
' & : ! % 5| F I\ = I
Y Search L v )oi = !-,.ﬁ' “‘
=K/ 866 k- % 19
— s‘n \ -
Drawing Order S
4 [F] Radar ‘-

Human Geography Label

¢ Document the Floods (photos)

S AL
°Q:;F

t Homeland .VG
v| Human Geography Detail kﬂ
4[ v Flood Simulation ] o0
4 v\ Flooded Polygons (6th Hour) fo ﬁ?
Flood Depth (Feet) ‘oi Pk
4
0 : '”-D :
r o
M <2 %za ¥
| <3 0o
>
- =
| ¥
I g
¥ 'v| Flooded Buildings 3 0.0
b Start "IJ o
Oml; 4
lorida_Boundary pr= :::“ﬁ ’.,,
b (] Gridded_Population_Enriched _ 1t )
v| Human Geography Base ,On z
b Standalone Tables 34 [ o
/) X
» Ly
/| WS . i 1.5
= Contents = Catalog v | 116427 v EZA . 80.1935860°W 26.1140095'N v ¢9 Selected Features: 2 i<

This ArcGIS Pro layer shows simulated flood water in Fort Lauderdale. The simulation is based on 25 inches of

rain faIIing over 24 hours, similar to the historic rai nfall on April 12, 2023. The deeper blues show deeper water.
https://www.esri.com/arcgis-blog/products/arcgis-knowledge/public-safety/mitre-uses-arcgis-knowledge-to-

b4 analyze-critical-infrastructure-dependencies
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MITRE Uses ArcGIS Knowledge ...

G:;’.Ei:

cBOCoceDO0ON:

S

. 0%

Infrastructure facilities drawn as separate map layers vs. infrastructure drawn as connected
entities in a knowledge graph

https://www.esri.com/arcgis-blog/products/arcgis-knowledge/public-safety/mitre-uses-arcgis-knowledge-to-

2 analyze-critical-infrastructure-dependencies
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MITRE Uses ArcGIS Knowledge ...

I} Infrastructure <> Connected Infrastructure {I".] Radar % Flooded Hospitall X G Power Centrality ~ | pony.yp v 8 X
o Q Substation.1835
o Y Facility Type: Substation
® A
QAT % [
) P4 S
.0 "

/ (¢] Importance: Critical

: & 2

@ 0 Q Degree Betweenness

o0
S Moderate High
S
o O
0
N @ = Owned and operated by: Company.917
(%] %00 S Company.917 also owns:
v @ ) ® « 85 substations
® 9
® 779 power lines
[\

v

nee

This link chart depicts the critical infrastructure facilities that two key hospitals depend on. Graph analysis
reveal the most critical dependencies based on the entire system of systems.

tools help to quickl

https://www.esri.com/arcgis-blog/products/arcgis-knowledge/public-safety/mitre-uses-arcgis-knowledge-to-
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Geospatial Data Applications

Tackling Food and Nutrition Security in
Specific Neighborhoods
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3 et

Low-income, low
B access food deserts
(USDA, 2019)

Low-access food
deserts (USDA, 2019)

\\Ranch%Pajgs £
WVerdes?s

S .
.....

-

== Highways
City and

["1 unincorporated
community boundary

LA County boundary

Census tracts identified by the USDA (2019) as food deserts in LA County:

1409 are “low

access,” and 545 tracts are “low access and low income” out of 2344 total census tracts
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100

. Low-access food deserts,
USDA (2019)

80 Low-access food deserts,
15-minute city approach

60
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Percentage (%)
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tracts population  households
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. Low-access, low-income
food deserts, USDA (2019)

Low-access, low-income
food deserts, 15-minute
city approach

% of census % of % of
tracts population  households

Comparisons showing food desert census tracts using the USDA (2019) and the
15-minute city approaches
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Geospatial Data Applications
Using Trees to Mitigate Rising Temperatures
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Mapping urban tree canopy at scale

o The open-source U-NET segmentation
and YOLOv9e object detection models
were combined, optimized, and used to
map urban tree canopy

o Various technical advances have led to
significant gains in small-object
detection tasks, such as identifying
trees in aerial imagery

o A series of experiments were
conducted to show how these models
can be used to depict the tree canopy
extent in previously unseen areas
without retraining
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Study

workflow ...

Tree Crown Annotations
Boyle Heights, CA

Tree Crown Annotations
City Terrace, CA

Step 1: Data Preparation

Model Selection
U-NET Segmentation
YOLO Detection

Model Optimization
Model Hyperparameters
Training Data Size

Step 2: Model Development

NAIP CIR Imagery
Boyle Heights, CA

Model Metrics
Precision, Recall
F1-Score, Dice

Model Outputs
U-NET - Segmentation
Masks
YOLO - Bounding-box
Shapefiles

Step 3: Quantitative Performance Evaluation

NAIP CIR Imagery
City Terrace, CA

NAIP CIR Imagery
San Francisco, CA

NAIP CIR Imagery
Phoenix, AZ

USCDornsife
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Manually labeled tree crowns ...

Sourtess EstizTomTom, GarminFAD,
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Data augmentation and overlap ...

1 2 " :.. . N
. I - .t: ‘.:
!

»
.
v

The San Francisco, CA model, trained without data augmentation and overlap, on the left failed to
segment the dense urban tree areas, particularly along continuous rows of street trees, leading to
substantial under-segmentation (orange overlay) and the model trained with both data augmentation
and 50% overlap on the right produced more complete and accurate segmentation in high-density
canopy areas, with improved coverage and boundary continuity (green overlay)
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Tree numbers and model performance
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The variation in model performance with increasing numbers of trees per tile
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Major takeaways ...

o The deployment of this deep learning
framework and publicly available imagery
achieve performance comparable to
models trained on costly lidar and
commercial satellite data

o This workflow provides a standardized,
bottom-up framework that bridges the gap
between complex deep learning techniques
and the practical needs of urban foresters,
and empowers local stakeholders to create
accurate, affordable, and timely urban tree
inventories and foster data-driven decision-
making to support the sustainable
management of vital tree canopy in a
warming world
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Closing Comments
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Spatial connects everything ...

Land administration Planning and Water Forest Infrastructure Marine

and management land use management management development information Tetecommunications
Environmental Agriculture Defence and Disaster Statistics and Address Urban
protection national security management demographics management planning

=z = O H & &

Source: GW Consulting Analysis
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Spatial connects the local to the global

Night light images paint accurate picture of China GDP

Barcelona's car-free 'superblocks'
could save hundreds of lives
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Geospatial Technologies' Direct Economic Impact to Rise by
Almost 290 Percent Between 2023 - 2030

2023

2025

2030

Potential Economic
Impacts

High  X-Y

USCDornsife

Dana and David Dornsife

USD 2.5-7.6

USD 5.1-10.9 Trillion

Range of economic impact
in trillion USD [not sized)

College of Letters, Arts and Sciences

Accelerated digitalization,

Enhanced workflow

integration, Massive Funding
B— and Investment in Geospatial
and Space, and Public Policy
Push

Economic Impact augmented by workflow
integration of domain-specific processes, -—
practices, and policies; addition of geospatial

layer ‘as-by-default’ across ‘everything we do’,

and the evolving role of National Geospatial

Organizations.

Source: GW Consulting Analysis
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John Wilson |jpwi|Son@usc.edu
http://dornsife.usc.edu/spatial
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