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Water Exploration: 
Remote Sensing Approaches 

EXERCISE 1: DISPLAYING IMAGE DATA 

Either print the PDF or view it in Adobe Acrobat Reader with the width of the display reduced so 
that you can read the text with least interference with TNTmips windows.   

Exercise 1 should take between 8 to 12 hours for someone with no previous experience 

If you have not yet installed TNTmips and copied data for the exercises to the top-level 
directory of your internal hard drive (C:\) see Install Resources and do so now. The four 
exercises use data from 11 test areas, each of which has its own folder in C:\data, and are 
designed to familiarise you with image processing software, in this case TNTmips. 

TNTmips, like many digital mapping and GIS products based on remotely sensed data, has 
evolved over the last 25 years and contains a large library of software processes that suit a 
variety of needs identified by the Earth science community. As with such software packages, 
venturing into all the possibilities without some preparation would make it seem like a minefield! 
The producers (MicroImages) do run training courses in the USA, but for many potential users 
the costs of attending are beyond their reach. The four exercises, starting with this one, will 
familiarise you with sufficient basic skills to produce useful images and maps derived from them. 
They are focussed on geology, hydrology and terrain and use those approaches within TNTmips 
that I have found productive. Once you have completed them you should have sufficient grasp 
of the way TNTmips ‘works’ to learn more by reference to the software documentation and the 
library of sample data (see Install sample data for TNTmips tutorials in Install 
Resources) provided by MicroImages for a comprehensive suite of Tutorials that cover most 
GIS and digital mapping topics. 

There are several other packages of both open-source and commercial software that cover the 
same ground as TNTmips. Using TNTmips in this project does not imply any endorsement from 
me, other than MicroImages’ provision of a fully functional free licence and my own extensive 
experience with the software. 

This exercise is intended to get you started on some basic image analysis skills by using the 
TNTmips Free package. You will use image data from Landsat-7 ETM+ and the Shuttle Radar 
Topography Mission (SRTM) elevation data for an area in eastern Chad, where there are many 
refugees from conflict in the neighbouring Sudanese province of Darfur. The study area includes 
two large camps run by the United Nations High Commission for Refugees. In such an area, 
provision of adequate, safe drinking water is of vital importance in siting camps for large 
numbers of refugees. 

At several points in the exercises I have put in Tips, highlighted in this way, to help you 
overcome some of the more common pitfalls, or to teach vital points. 

Important general tip: You should never expect to appreciate at first viewing all the 
geological and hydrogeological clues provided by any kind of image: examine and interpret the 
data over several ‘sittings’ to become thoroughly familiar with all aspects of the terrain and its 
spectral features. 

E1.1 General window operations  

https://h2oexplore.wordpress.com/install-resources/
https://h2oexplore.wordpress.com/install-resources/
https://h2oexplore.wordpress.com/install-resources/
https://en.wikipedia.org/wiki/List_of_geographic_information_systems_software
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The process that you will use most often in TNTmips is displaying image data of various kinds, 
modifying their contrast and several other basic image-related tasks. So it is essential that you 
master these aspect of the software before going on to more complicated TNTmips operations in 
later exercises. 

Tip: These exercises cover only a few of the very large range of possibilities presented by 
TNTmips and guide you through the essentials needed for geological and hydrological image 
interpretation in the context of a limited range of remotely sensed data for 11 small test areas 
in the C:\data folder. TNTmips has a large library of tutorials, technical guides and quick guides 
aimed at learning the full range of possibilities. If you installed them, a guide can be accessed 
through Help/Browse Documentation on the initial menu of TNTmips. If not, select the link 
Help/Tutorials and then All Topics in the sidebar to access MicroImages’ online 
documentation web page. 

You do not have to work through any of the Tutorials in the context of these exercises, but a 
few of them are referred to in Exercises 1 to 4, in case you need amplification of some 
fundamental issues. For instance, you may find useful information for Exercise 1 in 
Understanding and Maintaining Project files (projfile.pdf), TNTgis Concepts (tntconcepts.pdf), 
Displaying Geospatial Data view2d.pdf, Getting Good Color color.pdf and Filtering Images 
filter.pdf. These learning resources are associated with a range of sample data used in the 
step-by-step Tutorials that cover all the important processes in TNTmips; again, you need to 
have installed the tutorial sample data on your computer (see Install Resources). 

Sometimes when you launch a TNTmips process a window called Tip of the Day appears. Using 
the Red rightward arrow icon takes you through sometimes useful advice in abbreviated form. 

From the TNTmips initial menu select Main/Display. This opens the Display Manager window 
(Figure E1.1) with its own menu bar and a series of icons whose functions pop-up when the 
cursor is positioned over them. Click on the Add Objects icon.  

 

 

Figure E1.1 Starting TNTmips image display 

The Select objects to display window (Figure E1.2) appears with the Browse tab open, which 

https://h2oexplore.wordpress.com/install-resources/
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allows you to browse through your various drives. Click on the left pull-down arrow in the Path 
box to select drive C:\, then choose C:\data to see a list of folders relating to areas covered by 
all the exercises. Click on the icon for Chad Landsat, which will reveal two TNTmips Project 
files (ChadDEM.rvc and ChadETM.rvc) that cover a 1000 x 1000 pixel (30 x 30 km) area in 
eastern Chad, where refugees from Western Darfur now live in camps. Click on the icon for 
ChadETM.rvc. TNTmips *.rvc Project files are similar to conventional folders, and contain various 

objects with associated icons that are associated with a Project, in this case raster  and 

vector  data: 6 Landsat-7 ETM+ bands of reflected data and a vector object that locates 
refugee camps in the area. 

 

Figure E1.2 Selecting objects for display 

Click on the icons for band1 and camps and then click on the OK button at bottom right of the 
window. This opens a new Display Group View window (‘View window’ from now on). The 
right-hand pane shows the ETM+ band1 image overlain by red squares that represent two 
refugee camps. At the bottom right are scale bars for metres and miles, beneath which the 
actual map scale is shown. To the left of the scale are two boxes showing the cursor’s 
geographic position in Latitude/Longitude and further left in Universal Transverse Mercator 
projections.  

Take a few minutes to ‘hover’ the cursor over each of the icons in the View window tool bar to 

find out what they do. Then click on the icon for Zoom to Maximum Detail . The right-
hand pane now shows the data at full (30m) resolution (Figure E1.3), when you first open a 
View window, it will only display part of a 1000 x 1000 pixel image. Note: all the images used in 
these exercises are 1000 x 1000 pixels – the maximum size allowed by the free version of 
TNTmips 
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Figure E1.3 TNTmips View window 

Place the cursor inside that pane, click and hold down the left mouse button – the cursor 
becomes a hand – and drag the cursor around (‘drag’ from now on). This allows you to roam 
around the full extent of the image. The lower left pane displays a thumbnail of the full image in 
which a yellow box shows the part currently showing in the main pane. Left-click (hereafter, 
‘click’; right click is always explicit) inside the yellow box and drag it using the cursor – another 
means of roaming around the main image – then right click to display the new selected area at 
full resolution.  

The two panes at left take up an unnecessary amount of space. To maximize that available for 
the full resolution display move the cursor over one of the right-hand pane’s left margin until a 
horizontal two-headed arrow appears. Drag the margin leftwards until it will go no further. 

Tip: If you have a high-definition monitor (1920 x 1080 pixels or larger) you can enlarge the 
View window. Drag the coloured title bar of the whole window so that its top left corner 
coincides with that of your display, then resize the window by dragging its lower right corner so 
that more of the full-resolution image fills the right-hand pane. But make sure there is room for 
the browser window showing the exercise text. TNTmips automatically remembers your chosen 
size for the next time you use Main/Display. If you have a 1024 x 768 monitor this will not be 
possible and you need to rely on roaming through full-resolution images.  

You will find that your display screen becomes cluttered with various windows when you are 
using TNTmips, as it is common to use several functions in the software package together. The 
following Tips should help you to manage the various windows to best effect. Most are basic MS 
Windows operations. 

To resize a window you drag on either a corner or an edge of the window.  

To move a window drag anywhere within the title bar. Try this with the Display Manager 
window, moving it away from the View window.  

Individual windows can be brought to the front of the display ('raised') or sent to the back and 
often at least partially hidden ('lowered') on the screen. To raise a partially hidden window click 
anywhere in it as in MS Windows. To lower a window right-click in the title bar (not possible in 
MS Windows). The TNTmips lowering function is useful when several small windows are 
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completely hidden by a large one: to reveal the ‘lost’ windows simply right-click on the title bar 
of the obscuring window, which is much quicker than looking for other open windows in the 
Windows Desktop Taskbar. Sometimes it is more convenient to use the minimize (−) button at 
top right.  

E1.2 Display Spatial Data (Rasters)  

This list of instructions is especially detailed because this is your first experience with how the 
TNTmips software operates: you will be working with Displays for much of the time in these 
exercises. Later exercise notes are less explicit, and you may need to refer back to these notes 
if you forget the basic search, selection, control and display procedures.  

In the View window right-click on the icon for one of the layers to reveal a pull-down menu with 
many options. By selecting Remove Layer you can remove each layer individually. If you need 
to remove all layers from the View window it is quicker to select the Display Manager window 
and right-click on the Display Group icon choosing Remove/Remove All Layers from the 
pull-down: this clears all the panes in the Display Manager and View windows.  

Click on the Add Raster icon  on the Display Manager tool bar. This reveals a pull-down 
menu with various options. Select Single. This re-opens the Select objects to display window at 
the path position you previously selected (ChadETM.rvc) with all the vector and raster objects 
showing. Instead of just selecting one raster object by clicking on its icon, go to the tool bar 
above the narrow bottom pane and click on the Add All icon , which adds all the ETM+ bands 
to the main View window on top of one another in downward 7 to 1 order. (Another way of 
adding a number of objects is by using Ctrl-click to highlight each band in the list, omitting 
some if you wish, and then clicking OK.).  

Tip: TNTmips ‘remembers’ the previous 20 paths from which data have been selected. Those 
paths can be recalled by using the pull-down at the right-hand edge of the Path box of the 
Select objects to display window. So, as you progress through the Exercises it becomes easier 
to backtrack if you want to repeat something. 

To view each band separately click on the ✓mark next to each in turn, which ‘switches off’ each 
band signified by ✓. Click again on band1’s ✓mark so that is displayed in the main pane. Now 
re-add band2, 3 etc to the top of the displayed sequence so you can see the differences 
between them: superficially they all look much the same because each band is dominated by 
the overall albedo of the scene (Chapter 5, Section 5.2.2), but there are subtle differences 
(Figure 5.13) because of the various spectral features associated with all the different materials 
making up the surface. Those differences may be seen by comparing them in pairs switching 
one band on and off. Try this for band3 and band 4 which shows up the higher reflectance of 
vegetation in the NIR (band4) compared with visible red (band3): band 4 is noticeably brighter 
overall than band3, especially along drainage courses where vegetation is at its most dense.  

E1.3 DataTips 

You will notice that when the cursor is placed inside the main View window or the Locator pane 
a small box pops up with object names and a value for each. This is a DataTip and the numbers 
are values for, in the case of ETM+ data, reflected radiance in each band (in the 8-bit integer 
range 0-255) for the pixel over which the cursor lies. In other projects you will work through, 
some data are from ASTER that are calibrated reflectance or emittance x 1000 (16-bit unsigned 
integers 0-65535). Digital elevation data in metres are expressed as 16-bit signed integers (-
65535 to 65535). In data that are derived by arithmetic combination, such as ratios, or by 
principal component analysis (Exercise 2), DataTips will show floating point numbers (e.g. 
1.55341). In the case of vector objects various attributes of each point, line or polygon may 
show on-screen. Try this: 

In View use Add Layer/Vector to add the vector object camps to the display. Place the cursor 
directly over one of the red boxes. The name of the camp should appear in the DataTip list 
(Mille or Kounoung). 

E1.4 Raster controls and modifications 

In the upper left pane of the View window, right click on the icon for band1. The pull-down 
menu that appears shows many options, only a few of which will be used in this exercise. Going 
down the list you will see that the Enable DataTip option is set for band1 with its radio button 

https://h2oexplore.files.wordpress.com/2016/07/f5_13a.png
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activated. Clicking the button will disable the DataTip so that the DataTip list now omits band 1 
as you ‘hover’ the cursor over a pixel. If you try this you will need to re-enable the band1 
DataTip because you will need to refer to it shortly 

E1.4.1 Raster histogram and contrast stretching  

Reopen the pull-down menu for band1. Move down the menu and click on To Top, which will 
shift band1 to the top of the list and show it in the main View pane, obscuring the other bands 
and the camps vector. To reveal the camps vector open the pull-down menu for band1 again 
and select Lower, which moves band1 a step down the list, below the camps vector. From the 
band1 menu select View histogram, which opens a new window (Figure E1.4) 

 

Figure E1.4 Histogram plot for ETM+ band1 (minimum value = 43; maximum = 115 in 
0-255 range) 

This displays the number of pixels that have a particular value of reflected radiance (the 
frequency of that value) plotted against the range of values in 8-bit data (from 0 to 255). 
Moving the cursor horizontally reveals the exact number of pixels with any particular value in 
the full range within the image: 43 to 115 in this case. The window also includes statistics for 
the band, accessed using the tabs. 

Tip: Many TNTmips windows have a Help button or a yellow query (?) situated at top right. 
Clicking on this gives some information relating to the window, and in many cases, as it does in 
this one, links to relevant Tutorials and Technical Guides produced by MicroImages. Try the Help 
button for the Histogram/Statistics window, then close it using the top right x button. 

The histogram for band1 does not occupy the full 0-225 range, yet the display shows good 
contrast. That is because a default contrast stretch has been automatically applied. Close the 
Histogram/Statistics window using the top right x button. Using the band1 pull-down menu 
select Enhance Contrast (Figure E1.5). 
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Figure E1.5 Contrast enhancement window 

Two histograms appear. That at left – the input histogram (that of the ‘raw’ data) – shows the 
frequency of different pixel values (horizontal axis) against the full 0-255 range (vertical axis). 
The upper-right pane shows the histogram after contrast stretching – the output histogram – 
whose effects are displayed on the screen. The default method in TNTmips is histogram 
normalisation, in which the ‘raw’ values are re-plotted as a bell-shaped (Gaussian) curve 
spread to occupy the whole 0-255 range of the display with the median value set at 128. By 
changing the stretching method, using the Method button now showing ‘Normalize’, you can 
see the effects of different stretching algorithms (don’t try the User Defined method!). The 
lower-right pane shows what is known as a look-up table (LUT) that the software uses to 
convert the ‘raw’ input values to output. As you select different Methods, the LUT changes shape 
according to the particular contrast stretching algorithm. Note that two dashed horizontal lines 
on the input histogram have been automatically set by TNTmips at the minimum and maximum 
values in the band1 data that are converted to 0 (cut-off) and 255 (saturation) in the output 
to the screen.  

With Method set to Linear drag the upper dashed line on the input histogram to the top of the 
box and the lower line to the bottom. The LUT plot is now a straight line – any pixels with 0 in 
the band1 data will be shown as black and any with 255 will be white, those between in shades 
of grey. The input and output histograms are the same.  

To see the effect, click on the Refresh icon  at the far left of the Group View tool bar. 
Band1 looks very bland in this ‘raw’ state. Its restricted range of values in the 0-255 range 
results from the sensor having to record extremes of radiance, such as highly reflective  clouds 
or totally non-reflective surfaces. In the visible range, this is complicated by the increasing 
effect of atmospheric scattering as wavelength decreases from red to blue: in ETM+ band1 even 
the very darkest surfaces and deepest shadows will have a brightness due to scattering by the 
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atmosphere above. If you now select the Normalize or Equalize options, the output histogram 
fills the entire range, as both methods are based on the data statistics. With Linear set as the 
Method, moving the upper and lower lines on the input histogram to lower and higher values 
respectively progressively increase the breadth of the output histogram, thereby increasing 
contrast. 

Tip: The Help/On Window link at top right of the Raster Contrast Enhancement window gives 
full descriptions of the various function and stretching methods.  

E1.4.2 RGB (colour) displays – see Tutorial color.pdf 

A great deal of remote sensing is conducted using multiband data, trying to express visually the 
spectral features of different kinds of surface material as distinctly as possible. A lot of useful 
spectral information is contained within ETM+ bands 1 to 5 and band 7 (band 6 is in the emitted 
thermal infrared, and we will not be considering TIR in this exercise), but is it possible to find 
different rock types or even vegetation and bodies of water by simply comparing the different 
bands?  

Turn off bands 1, 2, 5 and 7 in the contents pane of the View window and compare band3 
(visible red) and band4 (near infrared) by alternately switching band3 on and off. Do you think 
you might be able to map areas of vegetation just using bands affected by the ‘red edge’ 
associated with green leaves (Figure 2.13a)? 

Clearly, it would not be possible with any confidence, despite the fact that bands 3 and 4 are the 
most dissimilar of ETM+ reflected data. One reason for this is that human vision performs poorly 
in discriminating different grey levels but, most importantly, brightness variations are more 
affected by albedo than by different kinds of surface material. 

As explained in Section 5.1.1, by displaying bands 4 3 and 2 as the red green and blue 
components of a false-colour image the much higher reflectance of living vegetation in the NIR 
(band 4) than in the visible region results in it showing uniquely in different shades of red, 
depending on the type of plant and its abundance at the surface. 

In the Display Manager, first click on the name of the top-most band in the list so that it is in a 
bold font (this signifies that a new image will be loaded above it in the list). Now click the Add 
Layer icon in the View tool bar and select Raster/Red-Green-Blue from the pull down. Click 
band3 which is then entered as the red component, then bands 2 and 1 for green and blue, then 
OK. An approximately natural-colour image is displayed on top of the single-band images. It is 
immediately clear that natural colour images, at least in the climatic zone of eastern Chad, are 
not effective at discriminating vegetation: nowhere shows clearly as green! 

Noting that the band3, band2, band1 image name is now in a bold font and thus the insertion 
point, repeat the procedure to load bands 4, 3 and 2 in RGB order. Red hues are living 
vegetation of one kind or another (you can turn the 432 image on and off to compare with the 
321 image). All the other colours relates in one way or another to rock and soil mineralogy, 
possibly with some dead vegetation. 

The 432 order in RGB for a vegetation-sensitive false-colour image might seem arbitrary: we 
cannot see such a rendition naturally so, surely, the contrast between vegetated areas and 
those free of vegetation should be highlighted in whichever RGB order these three bands are 
displayed – there are 6 possibilities.  

Try loading the same bands in a 342 RGB order, which should show vegetation in green. So it 
does, but unvegetated areas appear in less appealing colours (purples and yellows). In fact of 
all the possibilities, the 432 order is the best from an aesthetic standpoint: image interpretation 
‘by eye’ depends to a great extent on aesthetics. Human vision is most stimulated in false-
colour if the most important band (band4 in the case of vegetation) controls red, the next most 
important (visible red band 3 expresses soil and rock colouration by iron minerals) in green, and 
the third selected band in blue.  

You should investigate the ETM+ 742 combination discussed in Section 5.1.1: the spectral 
information carried by each band in relation to Figures 2.12 and 2.13a. Try a few other RGB 
combinations of these three ETM+ bands. 

E1.4.3 Spatial filtering – see the tutorial filter.pdf 

Remove all the layers from the View, and then re-display band5: its wavelength range 
approximates albedo and it generally has the broadest histogram (from 36 to 229 in the case of 

https://h2oexplore.files.wordpress.com/2016/06/f2_13.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_13.jpg
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ChadETM.rvc) giving it the highest quality.  

Tip: You can remove individual layers by right clicking on each layer name and selecting 
Remove Layer from the pull-down. To remove many layers it is quicker to click Display/Close 
in the Display Manager. 

Band5 will be displayed with a normalised contrast stretch, which shows very intricate drainage 
patterns. Contrast stretching generally sharpens our visualisation of small-scale features in an 
image, as shown by Figure 2.8a. However, sharpness can be further improved using spatial 
filtering. TNTmips has a comprehensive suite of filtering processes, accessed via Image/Filter 
from the main menu bar, which perform the selected operations on input raster objects and 
create new filtered objects. But a far simpler approach is available in the View window, which 
performs filtering on a temporary basis in memory, so that displayed images can be enhanced 
immediately 

Right click on the band5 icon and select Controls from the pull-down menu, which opens the 
Raster Layer Controls window (Figure E1.6) for this layer. This has 6 tabs (Object, Options, 
Legend, Filter, Shading and 3D). Click on the Filter tab. 

 

Figure E1.6 Raster Controls window, showing Filter controls 

Make sure the Apply Spatial Filter to Layer button is activated (i.e. with a cross in it). The 
Type box has 5 options accessed by a pull-down (Sharpening, Edge Detection, Smoothing and 
Noise Removal, Radar, Grey Level Co-occurrence Matrix). Select Sharpening, and from the 7 
choices in the Filter box, select High Pass (the structure of the filter is given in the large 
pane). All the filters are based on square or circular arrays of numbers (chosen from the Filter 
Window Shape pull down) that are convolved with all the pixels in a raster (see Tutorial 
filter.pdf for full explanations). The default is a square 3 x 3 high-pass array, other sizes being 
accessed from the Size box. The Blending: Source% to Filtered% slider controls the 
proportion of the filter results added to the original raster, and has a 100% default. Using these 
defaults, click Apply. 

You will see a definite improvement in clarity of the drainage system, but at the expense of a 
more grainy effect. Increasing the box size results in progressive loss of low-frequency 
information from the image; so that with 11 x 11 only the drainage and other fine textures 
remain. Reducing the Blending value restores some low-frequency information while keeping 
some of the high-frequency features for which the filter box is designed.  

Tip: to restore the image back to its original form turn off the Apply Spatial Filter to Layer 
button and press Apply.. 

You can experiment with the other Class/Type settings, but it is Sharpening that is most useful. 

https://h2oexplore.files.wordpress.com/2016/06/f2_8.jpg
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Filtering also works on RGB images, but not on the individual RGB components. Try filtering the 
ETM+ 432 and 742 images from Chad. 

E1.5 Hydrological reconnaissance 

This is a good point at which to introduce a useful means of producing stereo views from data 
other than overlapping images, such as ASTER bands 3N and 3B, which form stereo pairs. It 
uses elevation data to introduce parallax into non-stereo single-band and colour RGB images. 
Both are excellent means of visualising terrain which often holds important clues to hydrology 
and hydrogeology. 

For the moment, turn off the 432 and 742 images by clicking their ✓marks, to leave band 5 
displayed.  

In the View window select Options/Stereo Settings from the menu bar, which has several 
parameters (Figure E1.7) details of which are in TNTmips’ TechGuide 80StereoSettings.pdf. 
The Shifted View menu allows you to make an adjustment for your dominant eye – for most 
people this is the right eye. The other parameters can be left as they are. 

 

Figure E1.7 Stereo Settings 

Click Device Settings then set Stereo Mode to Anaglyph and Anaglyph colours to Red-Cyan, 
then OK and OK again in the Stereo Settings window. 

Click the Stereo icon  on the Display tool bar then load srtm_1 from ChadDEM.rvc. The 
band 5 image becomes an anaglyph, which you should view with the anaglyph spectacles. This 
area is not especially rugged, but relief adds a lot to its information content. Increasing the 
value of Maximum relief exaggeration to 90.0 renders relief more dramatically. Turn on 432 
and have a look at its colour anaglyph: because viewing involves a red filter, the vegetation 
information is lost in the stereo view. Much the same happens with the stereo view of 742, so 
anaglyphs work best with single-band data unless an RGB image is especially vivid. 

You can turn the stereo mode on or off by clicking the Stereo icon, which will enable you to get 
the most out of all 3 images in the following activity. 

Comment on the Chad area’s hydrology, geology, vegetation and favourable sites 
for groundwater close to the camps and in other parts of the area.  

As a guide, here are some questions that should help you to build up an assessment of possible 
groundwater sources in the area. Try not to read the comments until you have tried to answer 
the questions yourselff! 

 Are any of the drainage channels flowing? I.e. was the Landsat image captured during 
the dry season? 

Comment: Most of the largest drainages are picked out on the 432 and 742 images in 
white. If there was any flowing or standing water it would be marked by black lines or 
patches because water absorbs infrared radiation completely. So the data are from the dry 
season, and neither camp has any surface water supply at that time of year. They must be 
supplied by wells of some kind. 
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 The intensity of reds on the 432 image roughly indicates the proportion of green leaves 
on vegetation. Describe the distribution of living vegetation. 

Comment: Most of the vegetation follows the drainages. The brightest reds are along 
major drainages, but not all of them, and probably indicate canopies of riparian woodland 
in leaf. Pinks characterise some areas between drainages (interfluves) and may indicate 
cover by grasses whose leaves are drying (spectrum c on Figure 2.13b). Some parts of the 
major drainages are very dark and so too are many minor drainages. These are possibly 
areas where leaves have been shed during the dry season because the water table in thin 
alluvium has fallen, and twigs and branches of trees and shrubs are shading the ground 
surface. The bright red areas are possibly where there the water table in active alluvium is 
close to the surface. 

 Are there any signs of sedimentary rocks with dipping strata? 

Comment: There are no signs of features, such as banding following topography, 
escarpments or mesas (e.g. Figures 3.1, 3.2 and 4.5), suggesting either that the underlying 
rocks are not sedimentary or if they are, they are uniform and horizontal. 

 How about Recent alluvium deposits? 

Comment: There are no broad expanses of flat ground that would be a sign of areas 
underlain by older alluvium. Only some of the major drainages appear to be floored by 
alluvium 

 Describe the minor drainage textures and patterns. Does this give any clue to the 
underlying rocks? 

Comment: Overall the drainages show intricate dendritic patterns (as on Figure 3.6); the 
lesser channels being very finely spaced. This suggests two geological causes. The 
underlying rocks are homogeneous as regards their resistance to erosion, and they have low 
permeability (see Figure 3.6a). There are three possibilities: they may be uniform 
mudstones; uniformly resistant metamorphic or igneous rocks. Western Darfur in the Sudan 
and eastern Chad are dominated by metamorphic rocks with a variety of intrusive igneous 
bodies.  

 What might the dark linear features represent? 

Comment: Many of them are clustered in a parallel set trending ENE-WSW in the south of 
the area. However, several trend NE-SW. Each feature is discontinuous and many vary in 
thickness. These characteristics, together with their relative resistance to erosion, suggest 
that they are igneous dykes 

 Are there signs of clays or iron-rich materials on the 742 image? 

Comment: Some of the interfluves are distinctly bluish on the 742 image, suggesting clays, 
whereas other areas have a reddish tinge typical of materials rich in iron oxides or 
hydroxides (these areas also show in orange on the approximate natural-colour 321 image). 
The two are not separated by sharp boundaries. These features are typical of soils formed by 
tropical weathering that tend to be clay-rich with upper horizons enriched in iron. However, 
the igneous dykes maintain high resistance to weathering. 

Assessment of the Chad area  

This is an area that is seasonally lacking in surface water that is lost either by run-off beyond 
the area during the rainy season or by evaporation. Most of the area is underlain by 
impermeable bedrock and thick soils derived from it. No substantial groundwater supplies can 
be expected in wells driven outside drainages, which is emphasised by the almost complete lack 
of green vegetation on interfluves during the dry season. Green vegetation occurs along some of 
the main drainages, but only in patches. The patches suggest areas of alluvium in which the 
water table stands high during the dry season. There are drainages throughout which green 
vegetation seems to be absent or sparse during the dry season. Active alluvium appears to be 
the most important, if not the only aquifer in the area, the vegetation-poor major drainages in 
the north of the area not showing the linear white ribbons characteristic of areas of active 
alluvial deposition. 

The muted relief of the area and thus low gradients of channels encourage the augmentation of 
groundwater availability by building sand dams at intervals along the alluvium-rich drainages to 

https://h2oexplore.files.wordpress.com/2016/06/f2_13.jpg
https://h2oexplore.files.wordpress.com/2016/06/f3_1.jpg
https://h2oexplore.files.wordpress.com/2016/06/f3_2ana.jpg
https://h2oexplore.files.wordpress.com/2016/06/f4_5.jpg
https://h2oexplore.files.wordpress.com/2016/06/f3_6.jpg
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retain sand that might otherwise be eroded and transported out of the area. The igneous dykes, 
which resist erosion, may form subsurface dams and minor thresholds where they intersect 
large alluvium-rich drainages, thereby raising the local water table. In fact that may be a reason 
for the patchy distribution of green vegetation. (Examine the most up-to-date images 
surrounding 14.5°N 22°E on Google Earth or Bing and you will see that dykes are more common 
than shown by the 30 m resolution ETM+ images.  

Both camps are situated above flood levels close to major alluvium-rich drainages, which 
suggests that both rely on alluvial wells. The camps, which show up strongly on Google Earth 
images (search using their coordinates at bottom left), have been sited close to existing small 
villages, presumably because of infrastructure and the known existence of wells. Yet there are 
many areas with larger stands of dry-season green vegetation, where more productive and 
sustainable wells could have been sited. Confluences of large drainages are also better sites 
from a hydrogeological standpoint. If further camps need to be set up, low-cost remote sensing 
would show up many more favourable sites to deploy geophysical ground assessment and test 
drilling. 

E1.6 Predicting colour from spectra  

The approach used in this part of the exercise was developed in collaboration with M.E. Andrews 
Deller. 

Remove the View windows using Display/Exit in the Display Manager, clicking ‘Yes’ in the small 
Question window that appears. 

Tip: Sometimes you may accidentally bring a larger window forwards, thereby hiding small 
windows like Question, so you find it impossible to proceed. In such a case check the Windows 
Taskbar, where you see the open but hidden window. Click on it to bring it back to the ‘top’. 

In Chapter 5 you were introduced to the prediction of colour in an RGB image based on the 
spectra of materials. This is a good basis for choosing the most useful colour composites based 
on 3 bands, simple ratios between bands, arithmetic combinations of bands that measure the 
relative depth of spectral features and principal components (Exercise 2). Most image 
processing software packages offer more quantitative ways of doing this. In TNTmips an easy to 
use method is contained within a bundle of processes for spectral mapping that applies more 
complex algorithms to 3 or more bands, up to the several hundred found in hyperspectral data. 

Go to the main menu bar and select Image/Hyperspectral to open the Hyperspectral 
Analysis window (Figure E1.8). Here you will only be using its ability to display spectral plots 
and manipulate colour graphics.  
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Figure E1.8 Hyperspectral Analysis window showing Info controls and File menu 

From the File menu of the Hyperspectral Analysis window select Open Spectral Library. In the 
folder C:\data\Spectral Libraries click on the icon for Spectral library.rvc and then click on 
the icon for the object SPECTRAL_LIB. This lists a selection of common, rock-forming minerals 
and one vegetation type in the left pane of the Hyperspectral Analysis window. The top 15 
entries are USGS laboratory spectra with very narrow bands (see Figure 2.12 and 2.13), e.g. 
biotite.csv, which are repeated below in the list as spectra resampled to the centre 
wavelengths of the 9 bands of ASTER VNIR and SWIR data, e.g. biotite_AST.csv and to the 6 
ETM+ reflected bands e.g. biotite_ETM.csv (see Figure 5.8)  

With the Info tab displayed, depress the Display Spectral Plot and Multiple Spectra buttons. 
The Spectral Plot window opens – you should resize this as the default setting is too small. 
Click on the Manual Range button for Wavelength Range and select a range from 0.0 to 2.4 
μm. Similarly, for Value Range (reflectance) set a range from 0.0 to 1.0. Also, select 
Options/Plot Without Gaps from the Spectral Plot menu bar. 

From the left pane in the Hyperspectral Analysis window highlight grass.csv and then 
grass_ETM.csv and grass_AST.csv. The spectra appear as spectral plots, the USGS lab 
spectrum in black, that resampled to ETM+ data in red and green for the ASTER spectrum 
(these are the first three of a sequence of graphics colours assigned by TNTmips to multiple 
spectra in the order in which you select them). The USGS spectrum is highly detailed because it 
was measured by a laboratory spectrometer at 480 positions in the 0.21 to 2.98 μm range of 
wavelengths.  The same spectrum plotted as if it had been measured by the ETM+ or ASTER 
instrument (grass_ETM or grass_AST) is far simpler and both resampled spectra are almost 
identical. 

In the Hyperspectral Analysis/Info tab click the Single Spectrum button: the USGS and  
grass_ETM spectrum disappear, leaving the grass_AST spectrum in black. Now click Multiple 
Spectra and add the hematite_AST and kaolinite_AST spectra, which will appear as red and 
green lines respectively (Figure E1.9). 

 

Figure E1.9 Spectral Plot window, cross hairs snapped to ASTER band 1 for kaolinite. 

Draw a table with 9 columns (ASTER bands 1 to 9) and 3 rows (grass, hematite and kaolinite) 

https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_13.jpg
https://h2oexplore.files.wordpress.com/2016/06/fig5_8.gif
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as in Table E1.1. You are now going to read-off the spectral reflectances in each ASTER band for 
the 3 materials and note them systematically in the table (in Table E1.1 values for grass have 
been entered). 

Click anywhere in the Spectral Plot window, when the cursor sets two cross hairs. Drag them 
close to the start of the grass_AST spectrum – when you release the left mouse button the 
intersection should snap to the ASTER band 1 central wavelength. Its position is noted in the 
two boxes immediately beneath the plot, showing Wavelength in μm and Reflectance as a 
decimal between 0.0 to 1.0. Note the first two digits of the reflectance without the decimal 
point: this converts reflectance to a percentage. Now record the band 1 reflectances for 
hematite and kaolinite. Complete the table: Tip: all the ASTER band wavelengths are shown 
best by the kaolinite spectrum, so when the vertical cross hair cuts the kaolinite spectrum at a 
kink you can drag the intersection downwards or upwards towards the other two spectra and 
release the left button when the intersection is close to the relevant spectrum – it will snap to 
the correct position. 

Table E1.1 Data entry for reflectance values in ASTER bands 1 to 9 shown by 
grass, hematite and kaolinite 

material\band 1 2 3 4 5 6 7 8 9 

grass 09 03 70 36      

hematite          

kaolinite          

 

E1.6.1 Colour prediction in false-colour images 

From the Spectral Plot menu bar, select Color/Spectral Curves. This opens the Select Colors 
window (Figure E1.10), used to set the colour of the spectral plots for the loaded materials. 
Change Set by to RGB (0-100) option. The top Lawn Grass button will already be activated, 
showing a box of black next to it. The three sliders control Red, Green and Blue intensities and 
proportions. Make sure that the 0-100 Range is selected. All three sliders below are set at 0.0, 
which produces black. Move each to the values you recorded in the table for grass at ASTER 
bands 3, 2 and 1 (it it easier to enter the values in the numeric boxes). The colour box for grass 
should now be red. Do the same for the hematite and kaolinite tablets, which should result in 
dark brown and pale pink boxes respectively – the expected colours on an ASTER 321 image. 

 

Figure E1.10 Select Colors window with ASTER band3, 2 and 1 values from Table E 1.1 
for grass_AST, hematite_AST and kaolinite_AST spectra set for their RGB proportions 

Now predict how the three materials should appear on an ASTER 631 image (equivalent to an 
ETM+ 742 image): grass – green: hematite – red; kaolinite – cyan or sky blue. It would be 
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useful to spend some time experimenting with other band combinations suggested by other 
mineral spectra, especially calcite, chlorite and talc, using the same approach and recording the 
colours predicted for each mineral in different RGB combinations of ASTER VNIR and SWIR 
bands.  

Tip: You can also use the Select Colors window to discover the RGB values that produce a range 
of familiar colours. To do this use Set by Palette, which shows 80 different hues. Select one of 
them and then change Set by to RGB (0-255) to discover the values represented by the hue in a 
3-band RGB image.  

E1.6.2 Do remotely sensed visible data produce natural colours? 

Another interesting experiment is trying to produce colours for grass and hematite as they 
would appear on a simulated natural-colour ETM+ image, i.e. an RGB image of ETM+ bands 3, 2 
and 1. Start by changing the Spectral Plot setting in the Hyperspectral Analysis/Info window to 
Single Spectrum, then add grass_ETM, change to Multiple Spectra and then add 
hematite_ETM to display the full lab spectra of these materials. Change the Wavelength Range 
to 0.40 to 0.70 μm (approximately the visible range) and the Value Range to 0.00 to 0.40 (to 
make the spectra more distinct). By dragging the cross hairs to the mid-points of ETM+ bands 
1, 2 and 3 (visible blue, green and red), record the visible blue, green and red values for grass 
and hematite. 

In Select Colours with Set by RGB (0-100) enter the ETM+ band 3, 2 and 1 values expressed as 
a percentage as red, green and blue. 

Both grass and hematite colour boxes show as almost black, clearly very different from our 
expectations of green and red. But to a spectrometer that compares reflectances throughout the 
whole reflected spectrum (the same kind of sensors also record the broader reflected bands in 
ETM and ASTER data), those for both materials in the visible region are very low, which explains 
the dark colour that you have produced. What is more important in image processing is the hue 
- the relative combinations of RGB. We can make that more clearly discernible by boosting the 
intensity; effectively what happens in contrast stretching, and that is roughly what our visual 
system achieves in the real world.  

Select Set by HIS. Leave the Hue and Saturation sliders alone and slide Intensity slowly to 
higher values. You will reach a point (around Intensity = 50) when the colour for grass is more 
or less acceptably grass-like. 

Now try changing the intensity for hematite. After increasing the Intensity by about the same 
amount as for grass, you will have produced a red-brown colour that is typical of ground-up 
hematite (all the laboratory mineral spectra are from fine material, much as you might find it in 
soil or in weathered rock surfaces).  

You could try the same approach for the goethite spectrum, which will produce the typical 
yellowish brown of this ferric hydroxide at an Intensity of about 50.  

In fact it is very difficult to exactly represent true natural colour using remotely-sensed data 
that spans all of the VNIR to SWIR region. Much more realistic images of natural soil and 
vegetation cover result from imaging systems restricted to just the visible, or the shorter 
wavelengths of the VNIR regions, as do those used to produce the high resolution images in 
Google Earth. 

E1.7 Landsat ETM+ versus ASTER 

In examining the area in Chad you have discovered that Landsat-7 ETM+ provides 3 RGB 
combinations: 321 approximate natural colour; 432 false colour sensitive to vegetation, and 742 
that is useful for clays, iron-rich surfaces, surface water and vegetation. There are in fact 20 
combinations of the 6 bands in 3s (and 120 permutations, i.e. including different RGB orders of 
any combination of 3 bands) but the breadths and positions of the bands relative to spectra of 
natural materials would offer very little more, if you painstakingly viewed all 20 RGB 
combinations. The 9 reflected and 5 thermally emitted bands that make up ASTER data clearly 
offer a great deal more because of the spectrally strategic placement and narrowness of many 
of the bands, as shown In Figures 2.12 and 2.15. 

The project files Egypt_ETM.rvc, Egypt_AST_refle.rvc and Egypt_AST_TIR.rvc in folder 
Egypt will enable you to judge the advantages for geological interpretation of ASTER’s spectral 
coverage relative to that of Landsat. Unlike the Chad area, that in Egypt is in the Sahara Desert 

https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_15.jpg
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and is to all intents devoid of vegetation. 

Spend some time examining the ASTER bands relative to spectra of various minerals using 
Figures 2.12 (particularly calcite, kaolinite and iron minerals) and 2.15 (particularly quartz and 
feldspars relative to more mafic minerals and calcite). 

E1.7.1 Limestone (calcite) in the reflected region 

First, use Display/Close to clear the TNTmips View window and then load Egypt_ETM.rvc bands 
321 as RGB with a normalized stretch for each band, to show an approximately natural colour 
image. 

On Figure 2.12c you should have noted calcite’s strong C-O absorption in an otherwise flat, 
high-albedo spectrum relative to a variety of other high-albedo minerals with a significant 
absorption feature in the SWIR: quartz, feldspars, muscovite and kaolinite. The ETM 321 image 
shows a number of sedimentary strata in very pale colours, and roughly equal areas in browns 
and blue to black. From your spectral knowledge, the pale areas may be quite pure quartz, clay 
or calcite in sandstones, mudstones or limestones, which cannot be distinguished in natural 
colour (ignore the other coloured areas for the moment).  

Both ETM 742 and its approximate equivalent ASTER 631 should highlight kaolinite or other 
pure clays and muscovite in cyan (high green and blue components with low red due to the 
absorption by clays). But note that the C-O absorption of calcite also falls in ETM band 7’s 
bandwidth. 

Now add ETM 742 and ASTER 631 (using contrast stretch Normalize) images to the display. You 
can toggle between them and the ETM 321 image by clicking each on or off using the ✓icon. A 
few of the high-albedo areas are pale pink on both the ETM 742 and ASTER 631 images, of 
which more later. Some are cyan on ETM 742 but of these not all are cyan on ASTER 631. It is 
fairly safe to assume that the cyan areas shown by the ASTER data are indeed white 
mudstones, but cyan on ETM 742 is ambiguous: some could be dominated by another mineral 
with a SWIR absorption, most likely calcite. 

Now add ASTER 468 (Normalize stretch) which should reveal calcite and thus limestones in 
yellow. The strata shown as cyan by ETM 742 but not by ASTER 631 do appear yellow and are 
probably beds of limestone. A large calcite-rich area is indicated roughly in the centre of the 
area where ETM 742 seems ambiguously cyan. 

E1.7.2 Sandstone (quartz) in the thermally emitted region 

In Figure 2.15 the low emissivity Si-O restrahlen band of silicates shifts to progressively longer 
wavelengths as the SiO2 content of the silicate groups decreases, occupying ASTER bands 10, 
11 and 12 for quartz (pure SiO2) and band 13 and 14 for olivine (< 40 % SiO2). The best band 
combination to express quartz is 14 12 10 as RGB, in which quartz should appear in bright red, 
other silicates ranging from magenta to cyans and blues. Calcite is spectrally flat except for a 
sharp restrahlen band in band 14, so it too should appear in cyan in this rendition. 

Add the ASTER 14 12 10 RGB image from Egypt_AST_TIR.rvc (Normalize stretch). A whole 
scene of ASTER thermal at 90m resolution is smaller than the size limits of free TNTmips. So 
turning it off shows the other 30 m images at smaller size. Click on the name of the ETM 321 
image, which becomes a bold font signifying that it is now the ‘active’ layer in the display. Then 

click the Zoom to Active Layer icon  which shows an enlarged part of the TIR image 
registered to the high resolution images below it. Several of the darker areas on the ETM 321 
image prove to be quartz-rich (sandstones, some thinly bedded), while most of the remainder is 
in various shades of cyan, which is compatible with the limestones (and carbonate-rich sand) 
revealed by the ASTER 468 image. The exceptions are some large white areas on the TIR image 
that signify equally high emission across the thermal spectrum – probably due to surface 
veneers rich in iron or manganese oxides and hydroxides or desert ‘varnish’ –  that are dark 
blue on the ETM 321 image and dark reddish on ASTER 631 and ETM 742. 

E1.7.3 Saturation enhancement  

An easily used tool in TNTmips helps enhance RGB images by increasing their vividness. It 
converts the display in the video memory from RGB to three other parameters: hue, intensity 
and saturation, each of which can be manipulated (see Tutorial colour.pdf, p. 21). There is a 
high degree of correlation between remotely sensed reflected bands, which stems from surface 
albedo being the dominant factor controlling reflectance at any wavelength and surface 

https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_15.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_15.jpg
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temperature dominating emittance in the TIR You can visualise this interband correlation by 
right clicking on an RGB display layer and selecting Image Band Correlation, which opens 
bivariate plots of the three bands against each other. Figure E1.11 is for the Egypt ASTER 468 
image, showing the histograms of each band, and plots of band4 vs band6, band4 vs band8 and 
band6 vs band8 in clockwise order. 

 

Figure E1.11 Bivariate plots of the bands used in an ASTER 468 image showing the high 
correlation between all three bands. 

The high interband correlation is shown by the tight elliptical distribution of pixel values, and 
results in a limited colour range that can only be improved up to a limit by stretching the 
contrast of the component bands, irrespective of the stretching method. Using the New icon in 
the Image Band Correlation menu bar you can load up to 6 bands from a project file, which will 
show how the correlation is similar in all band pairs. 

 

Figure E1.12 RGB and IHS colour systems. The line from the origin to C in the RGB 
colour cube defines black through greys to white. High interband correlation results in 
most colours in an image falling close to this ‘grey axis’. They can also be defined by a 
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cone, with hues (H) lying around its circumference, saturation (S) increasing radially 
away from the grey axis and intensity (I) changing along it. 

A 3-dimensional plot of the RGB components would produce a cigar-shaped ellipsoid that 
approximately follows the black to white progression running at 45° through RGB space (Figure 
E1.12); i.e. many pastel coloured or grey pixels. The IHS system has an intensity axis running 
along the RGB grey axis and is in the form of a cone with an apex at black. Hues are distributed 
around this axis and their saturation increases radially away from the intensity axis (See Getting 
Good Color Tutorial colour.pdf, p. 21). Boosting the saturation results in greater distinction 
between what are pastel shades in RGB. You can try this for any RGB image by right clicking on 
it and selecting Color Balance (Figure E1.13) 

 

Figure E1.12 TNTmips Color Balance Tool 

In the default setting, ignore the vertical primary colour sliders and the Hue and Hue Shift 
buttons. The upper horizontal slider allows you to change Brightness (i.e. Intensity) the lower 
increases or decreases Saturation. You will find that increasing Saturation and then clicking 
Apply has the most useful effect. (Note: when you have finished select File/Reset and Apply) 
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