Special Topics Spatial Statistis

Course: STAT 6289:

Semester: Spring 2025

Meeting Time: Wednesday, 6:10 PM — 8:40 PM
Location: Rome Hall, Room 204

Instructor:

Name: Dr. Tatiyana V. Apanasovich

Campus Address: 729 Rome Hall

GW E-mail: apanasovich@gwu.edu

Office Hours: Monday, 4:00 PM — 5:00 PM, and by appointment

Course prerequisites: Students enrolling in this course should have completed courses in linear
algebra, calculus, linear regression and probability/mathematical statistics (e.g., STAT 6201 or
equivalent). Familiarity with statistical programming in R or Python is required.

Learning Outcomes
As a result of completing this course, students will be able to:

1. Recognize different types of spatial data (e.g., point-referenced, areal, and point patterns).
Analyze spatial data using statistical techniques such as geostatistical regression models, spectral
methods, and point process models.

3. Apply likelihood-based inference for estimation and prediction, including variogram modeling, Kriging,
and hierarchical modeling.

4. Model and analyze non-stationary, spatiotemporal, and multivariate data, successfully accounting for
spatial and temporal dependencies.

5. Recognize and apply methods for analyzing spatial extremes and assess their implications in real-world
contexts.

6. Implement machine learning techniques for spatial analysis, such as spatial deep learning and random
forests.

7. Develop small area estimation techniques and present spatial data analyses effectively in written and
oral formats.

Required textbooks and/or other materials and recommended readings:

Required Materials

Class Notes: Comprehensive lecture notes and supplementary materials will be provided throughout the course.
Recommended Reading

Gelfand, A. E., Diggle, P. )., Fuentes, M., and Guttorp, P. (2010). Handbook of Spatial Statistics. Boca Raton, FL:
CRC Press.

Week-by-week schedule of topics to be presented and scheduling of final examinations:



Week Topic(s) and Readings Assignment(s) Due
Introduction: Objectives, data types, visualization, map

Week 1 o None

projections

Geostatistical Regression Models: Spatial regression, trend Assignment 1: Spatial Data
Week 2 ) . ST

surfaces, generalized least squares, mixed models Visualization

Spectral Methods: Spectral representations, filtering, spatial Assignment 2: Regression
Week 3 . .

frequency analysis Model Fitting

Likelihood-Based Inference: Estimation and Prediction:

Week 4 Variograms, maximum likelihood estimation, Bayesian methods, Assignment 3: Spectral

Kriging Analysis
Methods for Large Datasets: Low-rank approximations, Assignment 4: Variogram
Week 5 ... . s . L2
likelihood approximations, sparsity Estimation
Non-Gaussian Data: Hierarchical models, generalized linear Assignment 5: Handling
Week 6 . '
spatial models Large Spatial Datasets
Non-Stationarity: EOFs, deformations, locally-stationary Assignment 6: Hierarchical
Week 7 .
processes Modeling
Week 8 Spatiotemporal Data: Separability, Markov models, Assignment 7:
non-separable models Non-Stationary Models
Multivariate Data: Spatial cross-covariance, separability, spatial Assignment §:
Week 9 . : .
factor analysis Spatiotemporal Modeling
Week Areal Spatial Data: CAR models, Brooks’ Lemma, autologistic ~ Assignment 9: Multivariate
10 models Analysis
Week Point Processes: Poisson processes, Ripley’s K, clustering vs Assignment 10: Areal Data
11 inhibition Modeling
Week . ) . Assignment 11: Point Process
12 Spatial Extremes: Asymptotic dependence, max-stable processes Analysis
Week Machine Learning for Spatial Data: Spatial deep learning, Assignment 12: Modeling
13 random forests, kernel methods Spatial Extremes
Week Small Area Estimation: Direct and model-based estimators, Assignment 13: Machine
14 empirical Bayes and hierarchical Bayes models Learning Applications
Week . . ) Final Project and Presentation
15 Class Presentations: Students present their final projects Due

Assignments
Homeworks

Students will be given weekly homework assignments, which must be submitted through Blackboard. The total
homework score for the class will be calculated after dropping the lowest homework score. Homework is due on
Wednesdays at 11:59 PM. Students should submit all solutions in a single individual file unless instructed
otherwise. Students are required to complete their homework assignments independently, ensuring that their
work reflects their own understanding and effort. Collaboration or sharing of solutions with peers is not
permitted, as homework is an individual assessment. However, students are encouraged to seek clarification or
assistance from the professor if they encounter challenges. All submissions must adhere to GWU's Academic
Integrity Code, and late submissions will only be accepted with a university-approved excuse.

Project

There will be a group project in which you will apply one of the discussed methodologies to real-world data,



prepare a presentation of your results, and write a report. The presentations will be 15 minutes long, and every
student must speak to receive credit. To ensure fairness, the data and methods will be assigned by the professor.
Presentations will take place on the last day of classes, and the project report will be due on May 5. Each group is
expected to work independently, and all submissions must adhere to GWU's Academic Integrity Code. The
quality of the final report is a critical component of the project and will significantly impact the overall grade. The
report should begin with an introduction that clearly outlines the objectives of the analysis, setting the context
for the work. A detailed description of the data, including its source, structure, and any preprocessing steps,
should follow. The methodologies applied and the computational tools used, such as R or Python, must be
thoroughly explained to demonstrate the rigor of the analysis. The results should be presented with clarity,
incorporating visualizations like maps, plots, or tables where appropriate, and each result should be interpreted
in the context of the project objectives. Finally, the report must include a critical assessment of the findings,
discussing their implications and addressing any limitations, uncertainties, or assumptions made during the
analysis. A professional and cohesive structure is expected throughout the report to ensure clarity and
engagement.
Attendance Policy
Your attendance will contribute directly to your final grade, accounting for 10% of the total. The grading scale is
as follows:

® 90-100% attendance: Full credit

® 80-89% attendance: 80% of the attendance grade

® 70-79% attendance: 70% of the attendance grade

® Below 70% attendance: No credit

Grading
List what will be counted and percentages.

* Homeworks 20%
*  Final project 70% = Presentation 30% + Report 40%

= Attendance. 10%

University policies

Academic Integrity Code

Academic integrity is an essential part of the educational process, and all members of the GW community take
these matters very seriously. As the instructor of record for this course, my role is to provide clear expectations
and uphold them in all assessments. Violations of academic integrity occur when students fail to cite research
sources properly, engage in unauthorized collaboration, falsify data, and otherwise violate the Code of Academic

Integrity. If you have any questions about whether particular academic practices or resources are permitted, you
should ask me for clarification. If you are reported for an academic integrity violation, you should contact Conflict
Education and Student Accountability (CESA), formerly known as Student Rights and Responsibilities (SRR), to
learn more about your rights and options in the process. Consequences can range from failure of assignment to
expulsion from the University and may include a transcript notation. For more information, refer to the CESA


https://studentconduct.gwu.edu/code-academic-integrity
https://studentconduct.gwu.edu/code-academic-integrity

website at students.gwu.edu/code-academic-integrity or contact CESA by email cesa@gwu.edu or phone
202-994-6757.

University policy on observance of religious holidays

Students must notify faculty during the first week of the semester in which they are enrolled in the course, or as
early as possible, but no later than three weeks prior to the absence, of their intention to be absent from class
on their day(s) of religious observance. If the holiday falls within the first three weeks of class, the student must
inform faculty in the first week of the semester. For details and policy, see

provost.gwu.edu/policies-procedures-and-guidelines.

Use of Electronic Course Materials and Class Recordings

Students are encouraged to use electronic course materials, including recorded class sessions, for private
personal use in connection with their academic program of study. Electronic course materials and recorded class
sessions should not be shared or used for non-course related purposes unless express permission has been
granted by the instructor. Students who impermissibly share any electronic course materials are subject to
discipline under the Student Code of Conduct. Contact the instructor if you have questions regarding what
constitutes permissible or impermissible use of electronic course materials and/or recorded class sessions.
Contact Disability Support Services at disabilitysupport.gwu.edu if you have questions or need assistance in

accessing electronic course materials.

Academic support

Academic Commons

Academic Commons is the central location for academic support resources for GW students. To schedule a peer
tutoring session for a variety of courses visit go.gwu.edu/tutoring. Visit academiccommons.gwu.edu for study

skills tips, finding help with research, and connecting with other campus resources. For questions
email academiccommons@gwu.edu.

GW Writing Center

GW Writing Center cultivates confident writers in the University community by facilitating collaborative, critical,
and inclusive conversations at all stages of the writing process. Working alongside peer mentors, writers
develop strategies to write independently in academic and public settings. Appointments can be booked online
at gwu.mywconline.

Support for students in and outside the classroom

Disability Support Services (DSS) 202-994-8250


http://provost.gwu.edu/policies-procedures-and-guidelines
https://disabilitysupport.gwu.edu/
https://academiccommons.gwu.edu/
http://go.gwu.edu/tutoring
http://academiccommons.gwu.edu/
mailto:academiccommons@gwu.edu
https://gwu.mywconline.com/

Any student who may need an accommodation based on the potential impact of a disability should contact
Disability Support Services at disabilitysupport.gwu.edu to establish eligibility and to coordinate reasonable

accommodations.

Student Health Center 202-994-5300, 24/7

The Student Health Center (SHC) offers medical, counseling/psychological, and psychiatric services to GW

students. More information about the SHC is available at healthcenter.gwu.edu. Students experiencing a medical

or mental health emergency on campus should contact GW Emergency Services at 202-994-6111, or off campus
at 911.

GW Campus Emergency Information

GW Emergency Services: 202-994-6111
For situation-specific instructions, refer to GW’s Emergency Procedures guide.

GW Alert

GW Alert is an emergency notification system that sends alerts to the GW community. GW requests students,
faculty, and staff maintain current contact information by logging on to alert.gwu.edu. Alerts are sent via email,
text, social media, and other means, including the Guardian app. The Guardian app is a safety app that allows
you to communicate quickly with GW Emergency Services, 911, and other resources. Learn more at

safety.gwu.edu.

Protective Actions

GW prescribes four protective actions that can be issued by university officials depending on the type of
emergency. All GW community members are expected to follow directions according to the specified protective
action. The protective actions are Shelter, Evacuate, Secure, and Lockdown (details below). Learn more at
safety.gwu.edu/gw-standard-emergency-statuses.

Shelter

e Protection from a specific hazard

¢ The hazard could be a tornado, earthquake, hazardous material spill, or other environmental
emergency.

e Specific safety guidance will be shared on a case-by-case basis.

Action:
*  Follow safety guidance for the hazard.

Evacuate
* Need to move people from one location to another.
* Students and staff should be prepared to follow specific instructions given by first responders and


https://disabilitysupport.gwu.edu/
https://healthcenter.gwu.edu/medical-services
https://healthcenter.gwu.edu/counseling-and-psychological-services
https://healthcenter.gwu.edu/psychiatric-services
https://safety.gwu.edu/emergency-response-handbook
https://alert.gwu.edu/
https://safety.gwu.edu/gw-alert-instructions
https://safety.gwu.edu/gw-standard-emergency-statuses

University officials.

Action:

e Evacuate to a designated location.

¢ Leave belongings behind.

¢ Follow additional instructions from first responders.

Secure

Threat or hazard outside of buildings or around campus.

Increased security, secured building perimeter, increased situational awareness, and restricted
access to entry doors.

Action:
e Goinside and stay inside.
e Activities inside may continue.

Lockdown

Threat or hazard with the potential to impact individuals inside buildings.

Room-based protocol that requires locking interior doors, turning off lights, and staying out of sight
of corridor window.

Action:
e Locks, lights, out of sight
e Consider Run, Hide, Fight

Classroom emergency lockdown buttons

Some classrooms have been equipped with classroom emergency lockdown buttons. If the button is
pushed, GWorld Card access to the room will be disabled, and GW Dispatch will be alerted. The door
must be manually closed if it is not closed when the button is pushed. Anyone in the classroom will
be able to exit, but no one will be able to get in.



