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% Welcome and Introductions

X MCC’s GIST Team
f} Wayne Howard: GIST Professor + senior collaborator
| Jon Little: Geography/GIST Professor + Principal Investigator
") Heather Pierce: Geography/GIST Professor + co-Pl
« Catherine DuBreck: MCC GIST alumni + co-PI

-name

| MCC'’s GIST Advisory Board  Jeur ieverite new aisT appysoftware/metod
Dan Allen: MRB GI’OUP that you’ve used or plan to learn, &/or map
* Rui Li: Professor Geography/GIS at SUNY Albany
& Vince DiNoto: GeoTech Center Pl + GIST Professor
/" Tabassum Insaf: Research Director-Environmental and
L. Occupational Epidemiology at New York State Dept of Health
Buffy Quinn: GIST/UAS Professor + NSF ATE Pl Onondaga CC




’é Overview of NSF ATE Grant

% Meeting Workforce Needs for Skilled Geospatial Technicians

/@s through Virtual GIST Education $467,639 (June 2020-May 2023)

@*\ A
¢ PrOJect developed one of the nation’s first Associate in Applied
Science degree programs in GIST that is fully accessible both on
campus and online to prepare students for the GIST workforce.
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- & Current program:

X -AAS.inGIST

& - 24 Credit GIST Certificate

./ - micro-credential

- A.S. Geography concentration [{V) ¢

| in GIST o —
Grant web site: https://atecentral.net/msites/MCC_GIST
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Grant Information
" Meeting Workforce Needs for Skilled Geospatial Technicians
i~ through Virtual GIST Education $467,639 (June 2020-May 2023)

‘ Grant: https://atecentral.net/msites/MCC GIST
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MCC Geography/GIST home page:
472 https://www.monroecc.edu/depts/geography/



https://atecentral.net/msites/MCC_GIST
https://www.monroecc.edu/depts/geography/

A.A.S. Degree

Objective 1: Build A.A.S. Degree in GIST by adding new courses
and updating existing courses, including online.
Virtual Desktop available
Available online

Fable 1 Monroe Community College
FALL Year 1 Cr | SPRING Year 1 Cr iy he-o
. — T . Did you know MCC has the Geospatial Information Science and
Introduction to GIST 3 Web Mapping 3 Technology (GIST) program for just that?! In the first ever GIST AMA
- : — - . - m— (Ask Me Anything) Session, recent MCC grad and current MCC
Cartography 3 Spatial Analysis 3 employee Catherine DuBreck spent some time answering student
. - T T - questions on getting more involved in the field. Check the audio
English S Art/Foreign Language 3 recording out here! https://bit ly/3iXLB3L
Introduction to Remote Sensing | 3 Physical Geography Lab |
Math 3 Physical Geography 3
Physical/Health Education 2 EVER THOUGHT OF MA
FALL Year 2 SPRING Year 2 Cr PS AND WORKI
GIS Data Acquisition and Introduction to 3 OSPATIAL TECH
Management Programming for GIS PS, ETC.) YOURC
Statistics Capstone Course in 2
Geospatial Technology
Elective 3 American History 3
Human Geography 3 Program Elective 3
Elective 3 Elective 3
Elective 3




9 credit Micro-credential for GIST
Professionals

Table 1

FALL Year 1 Cr | SPRING Year 1 Cr

Introduction to GIST 3 <= Micro-credential

Cartography 3 Spatial Analysis 3

English 3 Art'Foreign Language 3

Introduction to Remote Sensing | 3 Physical Geography Lab 1

Math 3 Physical Geography 3
Physical/Health Education 2

FALL Year 2 Cr | SPRING Year 2 Cr

-
| Management Programming for GIS

Statistics 3 | Capstone Course in 2
Geospatial Technology

Elective 3 American History 3

Human Geography 3 Program Elective 3

Elective 3 Elective 3
Elective 3




Alumni Support
| % Objective 2: Provide “Open” GIST lab with Virtual

2)
@3“

‘4 New in person computer lab.
:v‘\i
N 3\'_2‘

= Ask Me Anything sessions
{"{::f'.‘,-‘"' q 4
4lyear (audio) oA NEAUSS
| a5t Alumni Mentor Events including Ask Me Anything (AMA) Audio only

' 2020 8/26 Agenda || 9/30 AMA || 12/7 AMA
2021 03/31 AMA || 04/28 AMA || 8/28 Agenda || Sept 30 AMA || Dec 3 AMA
2022 March 3 AMA || May 4 AMA || Sept 26 video
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Internships
Objective 3: Provide virtual GIST internships

Geospatial Interns &
GIST Employment

Monroe County NY State National and International

= [ eagleview (& conEdison @esri'

American
i Red Cross

SAKEN SEIFYLLIN
YNIVERSITETI

AL ADAMS COUNTY

FLOW
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Town of Webster NY o~ I f\
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Soils, Food and Healthy Communities




Librarians
Objectives 4: Deliver outreach to public librarians + virtual/in

person support from public librarians to introductory students
Library professional development FL 2020, 2021, & 2022
GIST Data support FL 2020, 2021, & 2022

‘I don’t know what to map, but |
really like movies’

POI Factory
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Insert

Movie Locations.csv - Excel

Page Layout Formulas ¢ Pierce, Heather (Chemist

Y AN 4 9 " Genera Fl Conditional Formatting = &=
S -« 9% 9 3” Format as Table - i
Paste B I U » A - & 3 2 & = Cell Styles - ’
Al fi 1.067693
A B C D

1 ‘1.06769. 51.61273 1917 - Ammunition dump alongside giant guns; Ambrose Quarry; Ewelme, Ox{ UK

2 1.91797 51.22478 1917 - Farmhouse; Near the village of Shrewton UK

3 -1.809 51.155 1917 - Plain in northern France; Salsbury Plain caulk plateau UK
4 | -4.31544 55.86145 1917 - Schofield tackles a broken bridge; Govan Graving Docks; Scotland UK

5 | 0.071133 51.80721 1917 - Trenches; Hertfordshire UK
6  -79.3473 43.66668 A Christmas Story - Bo's Ling Chop Sury Palace; Toranto Canada

7 81.6942 41.49681 A Christmas Story - Christmas Parade; Cleveland OH
8 79.0485 43.05014 A Christmas Story - Fire Truck; Niagara Falls ON Canada
9 -79.234 43.171 A Christmas Story - Flagpole scene; Warren G. Harding Elementary School; Vic ON Canada
10  -81.6929 41.49852 A Christmas Story - Higbee's Department Store; Cleveland OH
11 | -81.6876 41.46893 A Christmas Story - OH

169 location(s) outside USA/Canada

movie

ne file.

Ralphie's House; 3159 W 11th St; Cleveland



Outreach
2| Objectives 5: Recruitment of GIST students +

i Professionals

2 Upward Bound Summer camps
Virtual GIS Day (GeoTech Center Collaboration)
Every semester mapathon!

UUUUUUU

§5 youthmappers “*"*

4
( Py ECI I National Geospatial Technology
T Center of Excellence
EOTECHCENTER.OR
0

Empowering Colleges:
GROWING T

i How to Modernize GIS Education with
a Microcredential to Ensure
Workplace Success



Status of New courses:

. GEG 236: Geospatial Data Acquisition and Management

3 Timeline: Offered FL21 and FL22

g“ | Course Description: Learn important geospatial data management skills
, that are in high demand!

Toplcs Covered:
Data models, data formats and data management
A Best practices for data collection and processing
| },3 . Database management systems and schema
. «« Advanced geodatabase design
. Topology
Enterprise geodatabase design
Using QGIS in a multiuser, postGIS environment
Introduction to Python automation

Pre -requisites: Introduction to Remote Sensing (GEG 133) or permission
of the instructor.

. Software: ArcGIS Pro, QGIS, PostgreSQL/PostGIS
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é' y, GEG 236: Geospatial Data Acquisition and Management

ﬂ@“&%@ Download a course flyer: hitps://atecentral.net/msites/MCC_GIST
ﬁ?f-"f'
'#4  Adding some open source and third-party drone data processing
o software
Added an ALE on Creating a simple Geodatabase
.+ 4 Adding an ALE to help ease into SQL — based on student feedback

Status of New courses:

i+ Comments/Questions?
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Status of New courses:

= GEG 237: Web Mapping

Offered Online Spring 2022 and plan to offer every spring online

'fgf Course Description: Students will learn about the usefulness and application of Web GIS

- tools such as ArcGIS Online, Google Maps, Volunteered Geographic Information, and Map services
/8 4 ;é (Mapbox). Students will become adept at storing and accessing spatial data in the cloud, practice
{ developing Story Maps to communicate spatial data, and learn how web mapping is key to mobile

.
)
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. ? Specific Topics from last spring

GIS applications such as field data collection.

What is Web Mapping (1 week)

Story Maps (4 weeks) w/ a little ArcGIS Hub

Esri Dashboards and Dashboard Operations (2 weeks)
ArcGIS Field Maps (2 weeks)

Mapbox: Create map/data visualization (1 week)

MapBox: Sheet Mapper Live with basic scripting (2 weeks)
Volunteered GMapping: Humanitarian Mapping (1 week)
Story Map Project (3 weeks) - Sample Story Maps

Internet Connectivity

' Pre-requisites: Digital Earth (Intro to GIS), or permission of the instructor



https://atecentral.net/downloads/24967/2022%20GEG%20237%20Sample%20Final%20Story%20Map%20Projects2.pdf

T Status of New courses:

%) GEG 237: Web Mapping
@ Course flyer:
3 ( https://atecentral.net/downloads/12223/GEG237_Geospatial Flyer SP22-Final.pdf

! '!.'/..
>
[ty R
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Changes for Spring

;' -Plan to combine 2 labs into one.

-Add one new lab on ?



https://atecentral.net/downloads/12223/GEG237_Geospatial_Flyer_SP22-Final.pdf

Status of New courses:

GEG 238: Introduction to Geospatial Programming

Timeline: Offered SP22. Will be offered SP23.
. Course Description: Learn to automate geoprocessing tools and to modify
g and create scripts in Python.

= Topics Covered:
Introduction to Python and geoprocessing tools.
| Model Builder and programming fundamentals.
. ‘ . Geoprocessing and object-oriented programming.
' GIS inventory using the data access module.
Debugging and error handling.
. Data access and creation with geodatabases.
Working with geometry and map layout.
. Jupyter notebooks.

?} Pre -requisites: GEG 130, GEG 133, and GEG 230 or GEG 236 all with a
1 grade of C or higher or permission of the instructor.

'« Software: ArcGIS Pro, Jupyter Notebooks
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@. GEG 238: Introduction to Geospatial Programming

| ; Considering adding @a module on Rasters — but need to
. remove something. i.e., Working with Map Layout

Status of New courses:

i

.. Comments/Questions?




Status of Course Updates + Online Conversion:

‘% Virtual desktop (60 concurrent users) Introduction to GIS (a.k.a Digital

ArcGIS Pro transition completed

Online conversion completed
Cartography

QGIS / Online conversion completed
. Remote Sensing

i ArcGIS Pro/online conversion completed
Spatlal Analysis

ArcGIS Pro/online conversion completed
- % Capstone in Geospatial Technology

( ArcGIS Pro conversion completed
Online conversion completed
Many course revisions — SP21 & SP22
Enhancing module on Ethics in GIS




Status of other courses:

GEG131 Cartography
{ Offered: Fall, online

- Course Description: This course introduces fundamental cartographic concepts.
Upon completion of this course, successful students will be able to employ design

: principles to create effective visual representations of geographic data (e.g. maps) in

. -ﬁ' different formats (e.g. hardcopy, digital, web). Specific topics include map element design,
% typography, label design, selecting appropriate color schemes, and symbology.

q (SUNY-Art)

Designing
Better Maps

A Guide for GIS Users

Pre -requisites: None, but should have basic
| computer skills

: Software: QGIS

Course Learning Outcomes
By the end of the semester, you will be able to:

Categorize maps according to type.

Identify the essential components of a map.

Select an appropriate geographic referencing system (i.e. datum, projection,

coordinate system) for a given purpose.

4. Determine the appropriate thematic map for a given purpose.

5. Produce maps that effectively communicate quantitative and qualitative
geographic data.

6. Design professional quality maps that use cartographic principles.

7. Critique maps for appropriate use of cartographic design principles.

L pa =



THINGS YOU DIDN'T KNOW MCC HAD

Yes, your tuition 1s paying for these Here's the ultimate M
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Status of other courses:
GEG 230: Spatial Analysis & GIS

Offered: Spring, online

Pre-requisites: GEG 130 (Intro GIS) w/ C or higher

Software: ArcGIS Pro

Description: This course
introduces students to geospatial
analyses that are used for
problem-solving and decision-
making. Students will learn how to
perform these analyses using
Geographic Information Systems
(GIS) software. As a guiding
framework, this course shows
how GIS is used to answer
fundamental questions in
geography that are related to
problem-solving and decision-
making in a wide range of careers
and academic disciplines. Upon
completion of this course,
students will be able to make
informed decisions when
choosing GIS-based approaches
for conducting geospatial
analyses.

Lecture Content

Lab Skills/Tools covered

Intro Activities

Topic 1: Review of GIS Basics

Review of GIS Basics

Topic 2: Point Data trends, part 1

Collect Events, Central Feature, Mean Center, Median Center,
Generate Near Table, and Calculate Field

Topic 3: Point Data trends, part 2

Project, Directional Distribution (Standard Deviation Ellipse),
IDW, Kriging, and Kernel Density

Topic 4: Networks & Modelling Interaction

Netwaork Analyst — Creating a Network Dataset, Route,
Closest Facilities, Location-Allocation

Topic 5: Raster Basics
Exam Review

Project Raster, Int tool, Raster Calculator, Extract by Mask,
Extract by Attributes

Exam 1 on Topics 1-4

Topic b: Working with Lidar data

LiDAR basics, LAS to Raster, Hillshade, Linear Directional
Mean

Topic 7: DEMs & Modeling Overland Paths

Mosaic to new Raster, Environment Settings, Feature to
Raster, Slope, Cost Distance Analysis tools

Topic 8: Hydrology Tools

Hydrology tools, Reclassify (raster)

Topic 9: Site Suitability Analysis

Zonal Statistics as Table, Join Field tool, Erase, Select by
Location

Topic 10: Mapping Inequality
Exam Review

TBA




We're Not In Kansas Anymore:
Tracking Tornado Alley and Its Shift Across America
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BACKGROUND
As an avid Disnicy Park-goer iy whole life. | carry much
fove and passion for Walt Disncy World (WDW). | wanted to
use the spatial analysis twals | learned in this course to
create the *Perfict Day at Disicy ” or the most time
ingsdom. Panaing

o iced 1o takc wait times into account
My goal fo this project was to create 2 niecwork dataset of
Magic Kingdom (MK) and then run a nctwork analysis to
create an itincrary of what onder to stop at cach attniction
The route takes attraction duration and wait time(s) into
account, ws well &5 suggests what the thice dosest
restaurants are at various intervals throughout the day.
1 chase Magic Kingdom for my analysis for & few ressons.
For oac, it's the first WDW pask to open on October 11971,
making many of its attractions “must-sces” for any first
time gucst. MK i also the most visited theme park in the
warkd. 089, akaoe, counting 20- million guests. Lasel
Magic Kingdom is the park that embodics the magic
atmosphere that is Walk Disney Workl. It completely
trunsparts its guests to & whole new warkd where they can
forget the outside world have fun!

How docs one bess maximize their time whilst oo vac

Better yee, how does one best maximize their time

vacationing at a place like Wak Disncy World momm
Torida?

*@QDEBDE: QALY DISNEY @ORLD BESYT DAY EVER

GEG 230 - Spatial Analys

& GIS Spring 2

METHODOLOGY

and then a featare dataset. Within the dataset, | created a lines feature chass o that |
used Tobler's value for 4 lac

In AncGIS Pro, | created 2

sclected three paints thivughout the “day” (at the start. middle. and end) to choose when to eat und exparted them to their
o layer so that I could import them as incidents when | ran the chosest ficility network analysis (the restaurants laver was
imported as ficilitics).

As you can see, Map 1 displays a step-by step guide of what onder ane should do each attraction currently offered at Magic
Kingdom, with your starting and cading point(s) being at the front of the park. While the time is not cxact, as we are
assuming the walking speed is 1 mins km and the attraction is a walk-on (i.c., no wait time), the time calculated is =6 hours
to cover the entirety of Magic Kingdom 2nd & total walking distance of 3.982 yurds. Map > displays the ; chosest eating
options for § different points along your day— at the beginning of your day, about midway through your day, oe right after
your last attriction of the day!

Although 1 pride myself in knowing Magic Kingdom
Tike the back of my own hand, | learned new things
working on this project! For one, the exact middic

e usedd 2 4 resource for vacation planning. but one
must remember that wait times and a slower walking
pace were not considered. Although I did cakeulate
them, they weren't accurate encugh for me to feel like
they could be properly used (even as a resaurce). Future
work would be possibly expanding this netwurk datasct
to include more of WDW {ocher parks, resorts, Disney
Springs, etc.)”

Figure 4: Back cotrunce 1 Peces Bl Tull Tae Lan & Cae

REFERENCES & DATA SOURCES
The data required for this analysis was  feature
class/shapefile of Magic Kingdom wulking paths, Magic
Kinglom attractions, and Magic Kingdom Restaurants.
All data used was created myself within ArcGIS Pro, using
OpensSercetMap, disncy workddisoey. go.com, and my own
knowledge as reference(s)

Acknowledgements
T'm 0 grateful to Professae Pierce and the whole geography
department at Monroc Community Callege. All opinions.




GEG 239 Unpaid virtual internships (for credit)

; Spring 2022 Hosts:

f -~ Benemérita Universidad Auténoma de San Luis Potosi (Mexico)
‘. American Red Cross — Rochester, NY
,,3 City of Traverse City, FLOW - Michigan
| FLOW - Michigan
. . Freshwater Future — Michigan

", Genesee Land Trust — Rochester, NY
. © GeoTech Center - Louisville, KY
‘& MCC Library

&, NYS Department of Health

' NYS Seagrant

Comments/Questions?
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Paid internships Summer 2021-2023

2021:
g | Water for South Sudan — Rochester, NY
2 NYS Department of Health — Albany, NY

§ | 2022:

" Genesee Land Trust — Rochester, NY

.. NYS Department of Health — Albany, NY

% University of Maine — Advanced Research & Technology
(START) — Center for Advanced Forestry Systems
(CAFS) project

Comments/Questions?



Evaluation of Sentinel-2 imagery cloud & shadow masking by

WHEATLAND

The ability to remove clouds from satellite imagery that will be
analyzed/processed is crucial in the reduction inaccuracies and ic

a machine-learning algorithm and Fmask post-processing

Casmir B

August 4,

If a ML algorithm can be trained to detect and mask cloud/shadow from Sentinel-2 imagery, how will the trained ML algorithm’s ability to detect

errors when producing maps.
Current standard of Fmask developed in 2012 has high accuracy, but not
enough for the detailed work done in forests of Maine.

Methodology

Goal is to train the XGBoost ML algorithm to detect cloud and shadow
pixels. Two images are needed: one cloud-free (control) and one heavily-
clouded (variable). Satellite imagery was acquired from Sentinel-2,
processed in QGIS.

Round 1 training points on variable images are selected via a principal
components analysis to define 300 clusters of similar pixels, from which
samples are drawn at random. Points are user-classified in attribute table as
clear, cloud, shadow, or uncertain; points are digitally organized and aided
by implementation of Python code for QGIS toolbar.

Control, variable images, and classified training points are fed into XGBoost
algorithm, which produces intermediate cloud/shadow masks and
calculates areas of low confidence from which Round 2 training points on
variable images are manually selected. Round 2 points are fed into ML
algorithm again in a repeating cycle to fine-tune ML output of cloud/shadow
mask.

[ cloudy image | | clear image |
1
« logic - -
based on band S """:";‘:"‘
thresholds e
1
Intermediate Intermediate
doud and shadow cloud and shadow
masks masks
i
Complicated spatial
(cloud-shadow matching)

Final cloud/shadow

ML cloud/shadow mask Is then post-processed with Fmask’s spatial
processing to match shadows to a cloud based off the solar zenith and
azimuth angles, and the geometric relationship between a cloud and its
shadow.

and mask cloud, pixels compare to current standard, Fmask? Is it possible to create a better tool/ be available to the public?

Fnas vs, Round 2 ML M - Ooed Fires - Shasow

Aeird 2 L OVDS, - Shadow

Postpocessng M. Outoet - Shedow

FIgure 3. Glaring erfors with cuerant standard Figure 4. 2 rount of training ML agorithe
a8 s and Bottax,

Figure 2. Comparirg cuteut for 2 counds of

FIGUrD 5. Post-procssing results from Rousd

training for M A OUtpt dimiestid Febung, CEales ki
standacd, Foash - untied hobs in cod ok mare dutaited coverage. accurats rwsun.
S R o Fmask Post-processed ML output vs. Round 2 ML

T19TDM 09/06/21

Figure 6. Both Rowsds of sraimed ML cutput show
fittle variation in cloed detection.

Figure 7. 2oth Reunds of brained ML ostpat placed
together shom increased accoracy of identifying
Shadow piasts with 2 second sousd of trainng,

Frnask VS. Round 2 ML Output — Clouds (Figure 2)
+ Fmask cloud coverage is greater, but less detailed (due to buffering of mask)
* Round 2 ML output underestimates cloud coverage
Shadow Output (Figures 3 to 5)
+ Fmask overestimates areas of shadow in areas of visible clear pixels
* Underestimation of shadow in areas of visible shadow pixels
* Round 2 ML output refines shadow coverage, reduces overestimation from Round 1
* Post-processing ML Fmask output is less accurate than the Round 2 ML output
ML Round Comparison (Figures 6 & 7)

[ —r—

C -

Figure 1. Cloud shope (white) i projected to ground
(grey) and siid forward and bock along the ground
unt¥ a best motch is abtalned with the potential

retained in the

yer.
finot mask only for this potential best-match overlap
area.

* Cloud nearly identical, increased thin cloud detection with Round 2
+ Shadow refinement reduces errors, fewer clear pixels labeled as shadow
Post-processing ML Fmask output VS. Round 2 ML Output (Figure 8)
* PP ML predicts clouds with same high accuracy as Round 2 ML output, but adds a be 8l
buffer ayer of bes
+ Beneficial in areas of wispier, thin clouds

Figure 8. Raund 2 ML
s
choud mask parad with the Round 2 ML predicted dadow.

*Perform accuracy
on ML output
-+ Comp. Fmask y 4, and 96.4%,
endent on versson and source of imagery)
*Evaluation of additional leaf-on imagery
sFurther refinement of ML
*More training points for shadow
*Train for cloudjshadow detection on fallispring imagery
+Software development
* Expand service to predict all clouds on smagery within
Maine
+ QGISPlugin
+ Continued work with an MCC student intern for a
GEG239 Student Capstone Project, Spring 2033

References & Data Sources

Images acquired from Sentinel-2.
ARl maps are projected in WGS 1984 UTM Zone 19N.

*  Zhuy, Z, & Woodcock, C. E. (2012). Object-based cloud and
cloud shadow detection in Landsat imagery. Remote
Sensing of Environment, 118, 83-94.

* Zhuy, Z, Wang, S., & Woodcock, C. E. (2015). Improvement
and expansion of the Fmask algerithm: cloud, doud
shadow, and snow detection for Landsats 4-7, B, and
Sentinel 2 images. Remote Sensing of Environment, 159,
269-277. 1

University of Maine — Center for Research on Sustainable
Forests, School of Forest Resources

Dr. Kasey Legaard, Assistant Research Professor
Barbara Wheatland Geospatial Lab

D« Danlel Hayes, Director

Anthany Guay, Remote Sensing Speciofist

David Sandiiands, Aerial Survey Piat & Remote Sensing Technician
University of Maine — Center for Advanced Forestry Systems

Dr. Aaron Weiskittel, Divector
Monree Community College — Department of Chemistry &
Geosciences

Jomathon Little, GIS Professor & Principal Investigator

Wayne Howard, Computer Science & GIS Professor & Semior

Persannel

Further rounds of i a0t Yk apariacs s hiaths daieg n Advowcnd Aesoorch
« Round 2 predicts shadow much more accurately than PP ML output. Hokonboregiep sy forgors s e kot
* PP ML still relies on cloud-shadow matching. Highly selective algorithm Phose of Maine - Center for
needs to be fine tuned to allow for more variation in potential best-match — fearsy o

imagery.




Questions/Comments and Thank you!

Email:
Jon |little@monroecc.edu
Wayne whoward11@monroecc.edu

17 Catherine cdubreck001@monroecc.edu
: % Heather hpierce@monroecc.edu

A

eography Geospatial Information
o : | Science and Technology
a /- s (Gist)

GET THE “G.L.S.T.” ON THE
GROWING FIELD OF GEOSPATIAL

INFORMATION SCIENCE AND

TECHNOLOGY

Geospatial Information Science and Technology (G.1.5.T.)is
used virtually everywhere. It converts remote sensing
information provided by satellites and imagery into digital data.

echnolo ngineeri
Math (STEM)
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