	School of Geography
University of Leeds

GEOG2750
	
	2004/2005
Level 2
Louise Mackay



	Practical 3 with Assignment 1:

Atmospherically Correcting Landsat TM images

Week 4


NOTE: you should have already accessed the practical session handout from the Nathan Bodington Geog2750 practical material room prior to the practical class and become familiar with the practical session content.  Once you have downloaded the practical handout to your ISS drive, keep your downloaded practical handout document open or print off a copy for the practical session. 

Task:

To pre-process a single Landsat TM spectral band for atmospheric affects using ERDAS Imagine in order to obtain an image of estimated at-surface reflectance. To use the interactive analysis tools of ERDAS Imagine to evaluate the success of the atmospheric correction.

Assignment Deadline:
Wednesday 27th of October. Hand in your assignment to reception by 2pm. Remember to get a receipt.

Assignment Guidance:

(i) You should complete this assignment as an individual piece of work. Therefore, working in groups is not permitted. It is recommended that you start the assignment in the 2-hour practical session on Wednesday 20th of October. A demonstrator will be available to give assistance. However, as this assignment is assessed demonstrator assistance will be limited to addressing basic technical issues on the use of ERDAS Imagine and explaining the general concepts involved in the processing you have to perform for the assignment.

(ii) An answer sheet for the assignment is provided on the last few pages of this handout. You can also download a separate version of this from the Nathan Bodington Geog2750 practical material room (called: Practical 3 Assignment 1 answer sheet) in order to format your assignment for printing and submission.
(iii) To complete the assignment you will need to include a few diagrams of spatial models that you have developed in ERDAS Imagine and a copy of the final image. Unfortunately, the ISS PCs are not configured for printing from ERDAS Imagine. Thus, in order to produce these it is suggested that you use the Print Screen keyboard facility and paste your results into the assignment answer sheets (if this is unfamiliar to you ask a demonstrator to help). If you then select the pasted screen capture in your WORD document you can use the Picture toolbar that appears to crop and re-size your pictures of the spatial models and images. The Picture toolbar should automatically appear when you select a pasted graphic, or can be set to appear by selecting View->Toolbars->Picture. The Picture toolbar is shown below with the Crop tool highlighted.
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- Experiment displaying the histogram of cach spectral band of the practical session image.

- The next means by which pixel valucs can be obtain is to use Imagines Profife tool which can be
E aceessed by selocting the Profile icon from the image viewer — this icon is shown below.
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This will result in a new dialog box appearing which prompts you to select the type of profiling
that you wish to carry out interactively on the displayed image. The options arc as follows:
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o Spectral — allows you to plot the digital numbers of individual points for each speetral band
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1. The Assignment Data Set and Preparation

For this practical assignment you will need to use the Landsat 5 Thematic Mapper band 1 image that you converted to at-sensor radiance in last weeks practical session (practical session 2). I suggested that you called this b1rad, although you may have given it a different name. It is this image that you will process in this assignment to obtain an estimate of band 1 at-ground reflectance of the scene covering part of the north west of England and north Wales. If you missed last weeks practical session (practical session 2) or did not complete Section 3, then you will have to do this before you can proceed to the assignment tasks.  A copy of the practical session 2 handout can be obtained from the Nathan Bodington Geog2750 practical material room.
2. The Assignment Tasks

There are two stages that need to be performed in order to convert the at-sensor radiance image of band 1 of the Landsat 5 Thematic Mapper scene to an estimation of at-ground reflectance.
The first involves converting the at-sensor radiance image to an image of apparent at-sensor reflectance. This is achieved by calculating the ratio of at-sensor radiance against the mean exo-atmospheric irradiance for the same wavelength range (0.45-0.52 micrometers) and accounting for changes in this that are a result of changes in the Earth-Sun distance through the year and the angle of the Sun relative to the Earth’s surface which changes as a function of time of day. In order to obtain the apparent at-sensor reflectance you will need to calculate:
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Where:
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 = 
The apparent at-sensor reflectance of a pixel in band 1;
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 = 
The at-sensor radiance of a pixel in band 1. This is the image b1rad that you produced in last week’s practical session (practical session 2);
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= 
The square of the relative Earth-Sun distance in astronomical units for the day of image acquisition;
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 = 
The exo-atmospheric solar irradiance for the wavelength range of the Landsat 5 Thematic Mapper band being processed. In this case band 1 (0.45-0.52 micrometers);
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= 
The solar zenith angle of the Landsat 5 Thematic Mapper band being processed, which depends on the date and time of acquisition;
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Pi correct to 4-decimal places (3.1415).

Your first task in this assignment is to implement this equation using ERDAS Spatial Modeller (introduced last week), in order to obtain an image of apparent at sensor reflectance for band 1 of the Landsat 5 Thematic Mapper image. In order to do this the following are the relevant values for the above equation:
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In your spatial model this should form the input image data set – b1rad.
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0.970 – note this is the square of the relative Earth-Sun distance in astronomical units. You do not need to place a square of 
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in your spatial model.
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0.544 – note that this value is the cosine of the solar zenith angle
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, so you will not have to calculate 
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 in your spatial model, just use the predetermined cosine of the solar zenith angle provided.

TASK1: Produce a spatial model to convert the Landsat 5 Thematic Mapper band 1 at-sensor radiance image to an image of apparent at-sensor reflectance.
In order to convert an image of apparent at-sensor reflectance to an estimate of at-ground reflectance you will need to perform an atmospheric correction of the image generated in task 1. While there are a number of ways this can be achieved, you will use the easiest empirical method which involves regressing the apparent at-sensor reflectance of band 1 against the apparent at-sensor reflectance of band 4 (near infrared) for pixels in an image that would be expected to have a reflectance of zero in the near infrared band. The resulting band 1 intercept term for such a regression is taken to be an empirical expression of the atmospheric path radiance present in this band and is subtracted from the apparent at-sensor reflectance of this band to obtain an estimate of at-ground reflectance.

As an aid, the regression between pixels that represent deep water (which we would expect to have zero reflectance in the near infrared band) has been performed already for images of the apparent at-sensor reflectance of band 1 and band 4 of the Landsat 5 Thematic Mapper image. The resulting x-axis intercept (band 1 intercept) was found to be 6.08. Thus, this value is an expression of the atmospheric path radiance contributed to band 1, and must be subtracted from the apparent at-sensor reflectance.
Note: to aid the creation of your spatial model, make sure the output images are single floats.
TASK2: Produce a spatial model to subtract the empirically estimated atmospheric path radiance value of 6.08 from the apparent at-sensor reflectance image of Task 1 to obtain an image of the estimated at-surface reflectance for band 1.

NOTE: access the practical session 4 handout at the beginning of Week 5 from the Nathan Bodington Geog2750 practical material room prior to the Week 5 timetabled practical class.  You can download the practical handout to your ISS folder, keep your downloaded practical handout document open or print off a copy for the practical session.
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Assignment 1 
Atmospherically Correcting Landsat TM images

Marked out of a total of 30 marks.
Deadline – 2pm Wednesday 27th of October 2004
Name:

Programme:

Deliverable 1 (5 marks): Provide a suitably cropped screen-capture of your ERDAS Imagine Spatial Model for converting from at-sensor radiance to apparent at-sensor reflectance for the Landsat 5 Thematic Mapper band 1. Ensure in your model that it is possible to read the different values and inputs for each stage of your model. You may achieve this by annotating it by hand.

Paste your at-sensor radiance to apparent at-sensor reflectance spatial model on this page.
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Deliverable 2 (2 marks): Provide a suitably cropped screen-capture of your atmospherically corrected Landsat 5 Thematic Mapper band 1 image that represents the estimated at-surface reflectance. 

Paste your image of Landsat 5 Thematic Mapper band 1 estimated at-surface reflectance on this page.
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Question 1 (3 marks): Using ERDAS Imagine derive the overall minimum, mean and maximum estimated at-surface reflectance of the atmospherically corrected Landsat 5 Thematic Mapper band 1.

	Overall Minimum Reflectance
	Overall Mean Reflectance
	Overall Maximum Reflectance

	
	
	


Question 2 (5 marks): Using ERDAS Imagine, provide estimates of what you feel are broadly the minimum and maximum estimated at-surface reflectance values in band 1 for Water, Vegetation, Bare Soil, Built-Up Urban areas and  Sandbanks.

	Cover Type
	Minimum Reflectance
	Maximum Reflectance

	Water
	
	

	Vegetation
	
	

	Bare Soil
	
	

	Built-Up Urban
	
	

	Sandbanks
	
	


Question 3 (5 marks, 150 words maximum): On the basis of your answer to Question 2, comment on how well you would expect to be able to quantitatively distinguish between the different land cover types of Water, Vegetation, Bare Soil, Built-Up Urban and Sandbanks using only the Landsat 5 Thematic Mapper band 1 estimation of at-surface reflectance.
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Question 4 (5 marks, 150-words maximum): Using the interactive analysis tools of Imagine and your knowledge of the typical reflectance characteristics of different Earth surface features (e.g., water, vegetation and soils) for the wavelength range of Landsat 5 Thematic Mapper band 1 (0.45-0.52 micrometers) comment on how well you feel the empirical atmospheric correction you have applied has removed atmospheric path radiance affects and provides a good estimation of at-surface reflectance.


Question 5 (5 marks, 150-words maximum): Using lecture 3 and 4 material and associated reading, what atmospheric affects are not accounted for in the empirical regression-based atmospheric correction that you have applied ? On the basis of the results you obtained for Question 2 and 4 provide a qualitative evaluation of whether these may have a significant presence in the Landsat 5 Thematic Mapper image of north west England and north Wales. 


















































Answer to Question 5:





Answer to Question 4:





Answer to Question 3:








Crop tool for cropping unwanted areas from Pictures.
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