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Overview
Remote sensing consists of measurements that are taken without physical contact with the objects of interest. Radiation emitted, tramsitted, or reflected from an object can be sensed remotely with instruments called spectroradiometers. The characteristics of the radiation relate to the material properties of the objects. The longwave radiation emitted from an object relates directly to its temperature, it can be measured by remotely sensed temperature instruments. Similarly, satellite-based instruments measure properties of the Earth’s surface by sensing reflected solar (short-wave) radiation. The main focus of this course unit will be on: satellite measurements and drone measurements; spectral measurements in the VIS and IR domains; physical/optical principles and models; remote sensing in environmental applications (five case studies will be investigated).
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Understand and master basic knowledge, theories and methods related to Optical and Spectral Imaging in Remote Sensing;
· Identify, formulate and solve practical problems related to the use of Remote Sensing systems in environmental domains;
· Critically review and assess scientific literature in the field and apply theoretical knowledge to identify the novelty and practicality of State-Of-the-Art methods.
· Conduct research and development, as well applied research, in the areas of Spectral Imaging and Remote Sensing.
Content
· Introduction to Remote Sensing of the Environment 
· Physical Principles of Remote Sensing 
· Reflectance measurement, mixing and unmixing models, calibration processes 
· Case study 1: Electromagnetic Radiation: Interactions in the Atmosphere; Electromagnetic Radiation at the Earth’s Surface
· Multispectral and Hyperspectral Sensors
· Multi-angle and Thermal Remote Sensing
· Active Microwave Remote Sensing
· Passive Microwave Sensors, LIDAR Remote Sensing, Laser Altimetry
· Case Study 2: Remote Sensing of Vegetation, Spectral Properties of Leaves & Plants; Spectroscopy of Plant Canopies, Land Cover, Land Use Change  
· Case Study 3: Remote Sensing of Urban Landscapes
· Case Study 4: Remote Sensing of Minerals and Soils
· Remote Sensing of the Hydrosphere
· Case Study 5: Seasonal/Annual Changes detection and Climate Change

Teaching methods	
· Lectures: 24 hours
· Exercises and Literature review: 18 hours
· Practical works: 18 hours
Study materials	
· David Karnosky, Chamber and Field Evaluations of Air Pollution Tolerances of Urban Trees, Arboriculture & Urban Forestry, Apr  1981.
· Michael M. Bahe, Ryan L. Murphy, Matthew B. Russell, et al., Suitability of a single imager multispectral sensor for tree health analysis, Urban Forestry & Urban Greening, May 2021, https://doi.org/10.1016/j.ufug.2021.127187. 
· J. A. Gamon,  · B. Somers,  · Z. Malenovský, et al.  ·Assessing Vegetation Function with Imaging Spectroscopy, Surveys in Geophysics (2019) 40:489–513, https://doi.org/10.1007/s10712-019-09511-5.
· Remote Sensing of Vegetation Leaf Area, Knyazikhin and Myneni (Eds.) Boston University, 2019, https://sites.bu.edu/cliveg/book/ 
· Remote Sensing of Environment, Kathleen Bergen & Silvia Cordero-Sancho, Course of University of Michigan, 2022, https://seas.umich.edu/academics/courses/remote-sensing-environment.
· Environmental Remote Sensing, Susan Ustin, Center for spatial technologies and remote sensing, 2012, https://cstars.ucdavis.edu/resources/classes-and-tutorials. 
· .
Assumed Knowledge
· [bookmark: _GoBack]Knowledge of Optical Geometry, Radiometry, data analysis, and Imaging Science fundamentals. 
Evaluation criteria
· Written exam 50%
· Practical Works 30%
· Seminar presentations 20%




