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Western University - Faculty of Engineering 
Department of Civil and Environmental Engineering 

 

Hydroclimate Data Analytics and Modelling for Climate Resilience  

(CEE 9535) 

 
DESCRIPTION 

This course provides graduate students with applied quantitative, statistical, and computational 

methods for analyzing hydroclimatic and environmental data in support of climate resilience, 

infrastructure design, and water resources management. Students will work with observed, 

gridded, remote-sensing, and climate-model datasets to assess floods, droughts, design rainfall, 

low flows, and hydroclimatic extremes under uncertainty and climate change. Topics include 

probability and statistics, spatial and temporal data analysis, Bayesian inference, risk and 

reliability, frequency analysis, design rainfall, drought assessment, model calibration, uncertainty 

analysis, and reproducible data workflows. Computer exercises will use tools such as Python, R, 

Jupyter/R Markdown, GitHub, GIS platforms, and introductory cloud-based/open-data workflows 

such as Google Earth Engine where appropriate. 

 
ENROLLMENT RESTRICTIONS 

Enrollment is open to graduate students in Civil and Environmental Engineering. Students from 

related programs, including Geography and Environment, Earth Sciences, Computer Science, 

Data Science, Statistics, and other engineering disciplines, may enroll with permission of the 

instructor and their Graduate Chair. 

 
INSTRUCTOR CONTACT INFORMATION 

Prof. Reza Najafi, PhD, PEng  

Spencer Engineering Building 

Room 3079 

Email: mnajafi7@uwo.ca 

 
COURSE FORMAT 

This course will be delivered “in-person” 

 
TOPICS 

 

1. Fundamentals of Probability and Statistics in Water Resources and Environmental Engineering 

• Random variables  

• Discrete and continuous probability distribution functions  

• Statistical inference and estimation of distributional parameters  

• Common probabilistic applications in hydrology and environmental engineering  

• Extreme value analysis and return periods  

• Introduction to uncertainty quantification  

mailto:mnajafi7@uwo.ca
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2. Spatial and Temporal Data Analysis 

• Point pattern analysis  

• Spatial autocorrelation  

• Spatial regression  

• Time-series analysis and trend detection  

• Analysis of gridded hydroclimate datasets  

• GIS-based spatial analysis  

3. Bayesian Inference Framework 

• Formulating model hypotheses  

• Prior and posterior distributions  

• Bayesian parameter estimation  

• Markov Chain Monte Carlo (MCMC) sampling  

• Model evaluation and uncertainty assessment  

4. Risk, Reliability, and Decision Making under Uncertainty 

• Sources of uncertainty in environmental systems  

• Risk and reliability concepts  

• Reliability assessment methods  

• Decision making under uncertainty  

• Applications to climate-resilient infrastructure design  

5. Design Rainfall and Extreme Precipitation Analysis 

• Purpose of design rainfall estimation  

• Annual maximum and partial duration series  

• Probability distributions for hydrologic extremes  

• Regional frequency analysis  

• Derivation of sub-daily and sub-hourly IDF relationships  

• Design storm spatial and temporal patterns  

• Nonstationarity under climate change  

6. Flood Frequency Analysis and Hydroclimatic Extremes 

• Flood generation mechanisms  

• Flood hydrograph estimation  

• Flood frequency analysis  

• Flood risk characterization  

• Statistical models of flood peaks  

• Index flood method  

• Compound and concurrent hydroclimatic extremes  

• Applications under changing climate conditions  

7. Low Flow and Drought Analysis 

• Significance of low flows in environmental flow management  

• Factors affecting low-flow regimes  

• Low-flow indices  

• Drought, aridity, and water scarcity  

• Statistical characterization of drought events  
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• Drought indices  

• Statistical methods for drought forecasting  

• Climate variability and drought risk  

8. Inverse Problem Theory and Environmental Model Calibration 

• General formulation of inverse problems  

• Hydrologic model calibration  

• Global optimization techniques  

• Shuffled Complex Evolution (SCE-UA)  

• Model evaluation and uncertainty analysis  

9. Hydroclimate Data Analytics and Future Engineering Challenges 

• Analysis of observational, remote sensing, and climate-model datasets  

• Large climate ensembles and future hydroclimate projections  

• Reproducible computational workflows (Python/R, GitHub, Jupyter Notebooks)  

• Open hydroclimate datasets (e.g., ERA5, ECCC, CMIP6)  

• Emerging applications of data analytics and machine learning in water resources  

• Climate resilience, decision support, and future engineering challenges 

Note-1: The instructor may expand, or revise material presented in the course as appropriate. 

Note-2: There will be no class during the reading week. 

 

SPECIFIC LEARNING OUTCOMES 
 
 

Degree Level 

Expectation 

Weight Assessment Tools Outcomes 

Depth and breadth 

of knowledge 

25% • Assignments 

• Project 

• Examination 

• Demonstrate advanced understanding 

of probabilistic, statistical, and 

computational methods in hydroscience 

and environmental engineering. 

• Explain contemporary challenges in 

hydroclimate data analytics, 

uncertainty analysis, and climate 

resilience. 

• Critically evaluate analytical 

approaches used for hydrologic and 

environmental data analysis. 

Research & 

scholarship 

15% • Project • Critically evaluate recent advances in 
hydroscience and environmental 

modelling literature. 

• Design and conduct rigorous 

quantitative analyses using 
appropriate statistical and 

computational methods. 

• Develop reproducible analytical 
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workflows using modern scientific 

computing tools. 
 

Application of 

knowledge 

30% • Assignments 

• Project 

• Examination 

• Apply probabilistic and statistical 

methods to analyze hydroclimatic and 
environmental datasets. 

• Evaluate floods, droughts, design 
rainfall, and climate-related engineering 

problems under uncertainty. 

• Apply appropriate computational tools to 
solve real-world water resources and 

environmental engineering problems. 

Professional 

capacity / 

autonomy 

5% • Project • Demonstrate academic integrity and 

responsible research practices. 

• Develop independent problem-solving 

skills using modern analytical tools. 

• Apply reproducible computational 

practices and appropriate 

documentation of analyses. 

• Reflect critically on analytical 

assumptions and modelling decisions. 

Communication 

skills 

15% • Project • Communicate technical analyses 
effectively through written reports, 

reproducible computational 
notebooks, oral presentations, and 

visualizations. 

• Present complex quantitative 

results clearly for both technical 
and applied audiences. 

 

Awareness of limits 

of knowledge 

10% • Project • Recognize assumptions and limitations 

associated with statistical analyses, 

hydrologic models, and environmental 

datasets. 

• Distinguish between theoretical, 

empirical, and data-driven approaches. 

• Evaluate uncertainty and its 

implications for engineering decision-

making under changing climate 

conditions. 
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ASSESSMENTS 

The final course mark will be determined as follows: 

 
Assignments: 35% 

Semester Project: 40% 

Final Exam 15% 

Participation, paper discussion, and 
project presentation: 

10% 

Total 

 
Note: 

100% 

 

(a) Students must turn in all individual assignments and projects to pass this course. 

Students who do not satisfy this requirement will be assigned 48% or the aggregate 

mark, whichever is less. 

 

(b) Students who have failed this course previously must repeat all components of 

the course. No special permissions will be granted enabling a student to retain 

laboratory, assignment or test marks from previous years. Previously completed 

assignments and laboratories cannot be resubmitted. 

 

(c) Should any of the quizzes conflict with a religious holiday that a student wishes to 

observe, the student must inform the instructor of the conflict no later than two weeks 

before the scheduled test. 

(For further information on Accommodations for Religious Holidays see 
https://www.uwo.ca/univsec/pdf/academic_policies/appeals/accommodation_religious.pdf) 

 

(d) Participation will be tracked through forum posts and discussions during lecture 

hours. 

 

Activities in which collaboration is permitted: 

• Projects- Students within each group are encouraged to closely collaborate on their projects 

• Assignments- Students are encouraged to ask their questions or provide hints to solve give 
problems using through forums on OWL. Students are not allowed to copy assignments, 

which will be considered as plagiarism. 

 
 

Activities in which students must work alone (collaboration is not permitted): 

• Final exam 

 

 
COURSE MATERIALS 

Prepared class notes by Dr. Najafi covering the material will be posted on OWL  

 

https://www.uwo.ca/univsec/pdf/academic_policies/appeals/accommodation_religious.pdf
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References (optional): 

▪ Handbook of Applied Hydrology, by Vijay P. Singh 

• The textbook costs approximately $246. Students are welcome to purchase second-hand 

or earlier editions of this textbook. 

▪ Fundamentals of Statistical Hydrology, by Mauri Naghettini 

• Publisher's website. Students are welcome to purchase second-hand or earlier editions of 

this textbook. 

▪ Statistical Rethinking, by Richard McElreath 

• Publisher's website. Students are welcome to purchase second-hand or earlier editions 

of this textbook. 

▪ Statistical Methods for Geography, by P. Rogerson 

• Publisher's website. Students are welcome to purchase second-hand or earlier editions 

of this textbook. 

▪ Statistical Methods in Water Resources, U.S.G.S, by Helsel and Hirsch 

• Free download from https://pubs.usgs.gov/publication/tm4A3 

▪ Selected recent journal articles and technical reports will be assigned throughout the course to 

connect foundational methods with current research and practice in hydroclimate extremes, 

climate resilience, flood and drought risk, remote sensing, climate-model ensembles, 

nonstationarity, uncertainty analysis, and decision support. Readings may be drawn from 

journals such as Water Resources Research, Journal of Hydrology, Hydrology and Earth System 

Sciences, Nature Water, Earth’s Future, and Environmental Research Letters, as well as relevant 

ECCC, IPCC, USGS, and engineering guidance documents. 
 

 

PREREQUISITE 

This course is designed for graduate students (MEng, MESc, PhD) enrolled in civil engineering, 

environmental science, statistics and geography with an interest in data analysis, interpretation, 

and modelling. It is expected that students will have basic understanding of hydrology and 

statistics by taking suitable courses at the undergraduate or graduate levels. Students without a 

suitable background in these topics should consult with the instructor prior to registering for the 

course. 

 
COREQUISITES 

None. 

 
ANTIREQUISITES 

None. 

Note: It is the student’s responsibility to ensure that all Prerequisite conditions are met or that 

special permission to waive these requirements has been granted by the Faculty. It is also the 

student’s responsibility to ensure that he/she has not taken a course listed as an Antirequisite. 

The student may be dropped from the course or not given credit for the course towards his/her 

degree if he/she violates the Prerequisite, Corequisite or Antirequisite conditions. 

 

https://link.springer.com/book/10.1007/978-3-319-43561-9
https://www.routledge.com/Statistical-Rethinking-A-Bayesian-Course-with-Examples-in-R-and-STAN/McElreath/p/book/9780367139919
https://collegepublishing.sagepub.com/products/statistical-methods-for-geography-5-268777
https://pubs.usgs.gov/publication/tm4A3
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CONTACT HOURS 

3 lecture hours per week. 

 
COMPUTING 

Assignments and the term project will use modern computational tools for hydroclimate and 

environmental data analysis. Students may use Python or R as the primary programming 

environment, with Jupyter Notebook or R Markdown for reproducible analysis. GitHub or an 

equivalent version-control platform will be introduced for code organization and reproducibility. 

GIS tools such as ArcGIS Pro or QGIS may be used for spatial analysis. Selected exercises may 

introduce open datasets and platforms such as ERA5, ECCC climate data, CMIP6/CanRCM 

outputs, Google Earth Engine, or other relevant public data sources. 

 
UNITS 

SI units will be used in lectures and examinations. 

 

GENERAL LEARNING OBJECTIVES 

E=Evaluate, T=Teach, I=Introduce 

Problem Analysis E Team Work I Ethics and Equity I 

Investigation T Communication I Economics and Project Management  

Design T Professionalism  Life-Long Learning I 

Engineering Tools E Impact on Society T Knowledge Base E 

 
ASSIGNMENTS AND PROJECT 

There will be four applied assignments and one semester-long project. Assignments will combine 

statistical analysis, hydroclimate data processing, uncertainty analysis, and reproducible 

computational workflows. One assignment will focus specifically on open hydroclimate datasets 

and reproducible analysis using Python or R, Jupyter/R Markdown, and GitHub. The project will 

span the full course and will involve a real-world hydroclimate or environmental engineering 

problem, critical review of technical literature, data analysis or modelling, reproducible code, a 

written technical report, and an oral presentation. 

 
EXAMINATION 

An open-book final examination will assess conceptual understanding, interpretation of statistical 

and modelling results, uncertainty reasoning, and engineering judgment. The examination will 

complement, rather than duplicate, the applied assignments and semester project. 

 

COURSE CONTENT 

The lecture notes and any online lecture videos are copyrighted to the instructor and legally 

protected. Do not post these videos and lecture notes on any other website or online forums. The 

recording of the live/synchronous sessions of the course without the permission from the instructor 

is prohibited. The illegal posting and sharing of the copyrighted course content could be subjected 

to legal actions. 
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CHEATING, PLAGIARISM/ACADEMIC OFFENCES 

Academic integrity is an essential component of learning activities. Students must have a clear 

understanding of the course activities in which they are expected to work alone (and what working 

alone implies) and the activities in which they can collaborate or seek help; see information above 

and ask instructor for clarification if needed. Any unauthorized forms of help-seeking or 

collaboration will be considered an academic offense. University policy states that cheating is an 

academic offence. If you are caught cheating, there will be no second warning. Students must write 

their essays and assignments in their own words.  Whenever students take an idea or a passage of 

text from another author, they must acknowledge their debt both by using quotation marks where 

appropriate and by proper referencing such as footnotes or citations.  Plagiarism is a major 

academic offence. Scholastic offences are taken seriously and students are directed to read the 

appropriate policy, specifically, the definition of what constitutes a Scholastic Offence, at the 

following website: 

https://www.uwo.ca/univsec/pdf/academic_policies/appeals/scholastic_offences.pdf 

 

SYNCHRONOUS LEARNING ACTIVITIES 

Students are expected to participate in synchronous learning activities as outlined in the course 

syllabus and/or described by the instructor. If you have issues that will impede your ability to 

participate in synchronous activities, please discuss with the course instructor at the beginning of the 

course. 

 

CONDUCT 

Students are expected to follow proper etiquette to maintain an appropriate and respectful academic 

environment.  Any student who, in the opinion of the instructor, is not appropriately participating 

in course activities and/or is not following the rules and responsibilities associated with the course 

activities, will be reported to the Associate Dean (Graduate) (after due warning has been given). 

On the recommendation of the Department concerned, and with the permission of the Associate 

Dean (Graduate), the student could be debarred from completing the assessment activities in the 

course as appropriate. 

 

HEALTH/WELLNESS SERVICES 

As part of a successful graduate student experience at Western, we encourage students to make 

their health and wellness a priority. Western provides several health and wellness related services 

to help you achieve optimum health and engage in healthy living while pursuing your graduate 

degree.  Information regarding health- and wellness-related services available to students may be 

found at https://www.uwo.ca/health/. 

Students seeking help regarding mental health concerns are advised to speak to someone they feel 

comfortable confiding in, such as their faculty supervisor, their program director (graduate chair), 

or other relevant administrators in their unit. Faculty of Engineering has a Student Wellness 

Counsellor. Information on how to schedule an appointment with the counsellor is available at: 

https://www.eng.uwo.ca/undergraduate/academic-support-and-accommodations/Student-Wellness-

Counselling.html. 

Students who are in emotional/mental distress should refer to Mental Health Support at 

https://www.uwo.ca/health/psych/index.html for a complete list of options about how to obtain 

help. 

 

https://www.uwo.ca/univsec/pdf/academic_policies/appeals/scholastic_offences.pdf
https://www.uwo.ca/health/
https://www.eng.uwo.ca/undergraduate/academic-support-and-accommodations/Student-Wellness-Counselling.html
https://www.eng.uwo.ca/undergraduate/academic-support-and-accommodations/Student-Wellness-Counselling.html
https://www.uwo.ca/health/psych/index.html
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STATEMENT ON GENDER-BASED AND SEXUAL VIOLENCE 

Western is committed to reducing incidents of gender-based and sexual violence (GBSV) and 

providing compassionate support to anyone who is going through or has gone through these 

traumatic events. If you are experiencing or have experienced GBSV (either recently or in the 

past), you will find information about support services for survivors, including emergency contacts 

at the following website: https://www.uwo.ca/health/gbsv/support/get-help.html. To connect with 

a case manager or set up an appointment, please contact support@uwo.ca. 
 

SICKNESS 

Students should immediately consult with the Instructor (for a particular course) or Associate 

Chair (Graduate) (for a range of courses) if they have problems that could affect their 

performance. The student should seek advice from the Instructor or Associate Chair (Graduate) 

regarding how best to deal with the problem. Failure to notify the Instructor or the Associate 

Chair (Graduate) immediately (or as soon as possible thereafter) will have a negative effect on 

any appeal.  Obtaining appropriate documentation (e.g., a note from the doctor) is valuable when 

asking for accommodation due to illness. 

 

Students who are not able to meet certain academic responsibilities due to medical, 

compassionate or other legitimate reason(s), could request for academic consideration. The 

Graduate Academic Accommodation Policy and Procedure details are available at: 

https://www.eng.uwo.ca/graduate/current-students/academic-support-and-

accommodations/index.html 

 

ACCESSIBLE EDUCATION (AE) 

Western is committed to achieving barrier-free accessibility for all its members, including graduate 

students. As part of this commitment, Western provides a variety of services devoted to promoting, 

advocating, and accommodating persons with disabilities in their respective graduate program. 

Graduate students with disabilities (for example, chronic illnesses, mental health conditions, 

mobility impairments) are strongly encouraged to register with Accessible Education (AE), a 

confidential service designed to support graduate and undergraduate students through their 

academic program. With the appropriate documentation, the student will work with both AE and 

their graduate programs (normally their Graduate Chair and/or Course instructor) to ensure that 

appropriate academic accommodations to program requirements are arranged.  These 

accommodations may include individual counselling, alternative formatted literature, accessible 

campus transportation, learning strategy instruction, writing exams and assistive technology 

instruction. 

https://www.uwo.ca/health/gbsv/support/get-help.html
mailto:support@uwo.ca
https://www.eng.uwo.ca/graduate/current-students/academic-support-and-accommodations/index.html
https://www.eng.uwo.ca/graduate/current-students/academic-support-and-accommodations/index.html

