
CHAPTER 15

INVESTIGATING LAND, OCEAN, AND ATMOSPHERE WITH MULTISPECTRAL MEASUREMENTS

15.1
Using Hydra
A multi-spectral data analysis toolkit has been developed using freeware; it is called Hydra.  This chapter will describe some procedures for displaying MODIS or AIRS multispectral data using hydra. A summary of the hydra commands follows.

Hydra menu
Data

Settings

Start

Displays world map with image control functions indicated on the bottom

Reset

Zoom in (shift plus left click plus drag)


Zoom out (shift plus left click plus drag)


Translate (right click plus drag)


Pick image (right click plus drag displays location of the chosen pixel)

Data menu:

Local allows you to scroll through local directories to find data
Remote allows you to find an AIRS granule from a remote server (a) MODIS Direct

Broadcast or (b) Goddard DAAC

Exit

After a MODIS or AIRS granule is selected hydra displays the infrared window on a world map

Start opens Multichannel Viewer

wherein a spectra (wavenumber on x-axis and radiance on y-axis) is displayed along with a spectral band superimposed on a world map.  Pick image in bottom tool bar allows you to see the spectra for the chosen pixel (using right click and drag)


Tools menu

Linear Combinations opens channel combination tool display where you can specify 

linear combinations of spectral bands a,b,c and d 

(a ((( b) ((( (c ((( d) 


Compute creates an image of the selected linear combination


Scatter allows you to create an x-axis with a linear combination and a y-axis with 

another linear combination.  A shift right click drag in the scatter plot 

highlights a box of chosen points in the x- or y- axis image.  Conversely shift right click drag in the x- or y- axis image shows the locations of the chosen pixels in the scatter plot
Transect allows you to create a line on the image and see the temperatures or 

radiances of the transect.  This is enabled with a shift right click drag. 

Capture Display makes jpeg in location you specify
Settings menu

Set color range opens VISAD histogram of brightness temperature (BT) values  

Radiance – BT allows you to select which you wish to display

Projection allows you to put the data in a given projection (mercator is the default)

Set Color Scale gives you the choice of color, grey, or inverted grey
15.2
Exploring the MODIS spectral bands
The Moderate Resolution Imaging Spectroradiometer (MODIS) on board the Terra and Aqua spacecraft measures radiances in 36 spectral bands between 0.645 and 14.235 (m (King et al. 1992). Table 15.1 lists the MODIS spectral channels and their primary application. Figure 15.1 shows the spectral bands superimposed on the earth reflection and emission spectra.  These are repeated from Chapter 13 for convenience.  A summary of the some of the relevant spectral properties is presented in Figure 15.2.

Using hydra, analyze the remote sensed measurements in a granule of MODIS data.  Proceed with the following steps.  Start up hydra and from the hydra window.  Select a data granule in hdf format (e.g. MOD021KM.A2001149.1030.003.2001154234131.hdf showing a cloud scene over Italy on 29 May 2001).  Click on Start and then click on Multi-channel Viewer.  Select the longwave infrared window (LIRW) Band number (Band 31), and display it as radiance (rather than brightness temperature) using radiance (under Settings).  See Figure 15.3.  Change to Brightness Temperature in the Display.  Left click on the on the arrow icon on the bottom of the display and right click and drag over the image to investigate brightness temperatures at various pixels.  

Show image in color by using Set Color Scale (under Settings) and click on the color option.  Try out different color enhancement by using Set Color Range (under Settings) and changing the min and max values in the VisAD Histogram Display to 240 and 320 K.  Figure 15.4 shows the resulting color enhancement.  Left click on the positive magnifying glass icon on the bottom of the display and right click to magnify the scene.  Left click on the negative magnifying glass icon on the bottom of the display and right click to restore the original scene.
15.2.1
Select a region within the image in the Multi-Channel Viewer display.  Left click on the on the rubber band zoom icon on the bottom of the display (second from right) and right click drag over the image to select a rectangular subset of the image (see Figure 15.5 for an example covering the Alps, northern Italy, and the Adriatic Sea).  Investigate several spectral bands; and to notice how the cloud, atmosphere, and surface features appear in each band (not shown).  

15.2.2
Use Transect (under Tools in the Multi-Channel Viewer display) to draw a line through the two cloud banks north-east and south-west of Italy (see Figure 15.6).  To do this, press shift and right click drag.  Note how the band temperatures change.  Repeat this for bands 32 through 36.   Note that the band temperatures are most alike in the high opaque clouds where the radiances do not transmit through very much of the atmosphere and hence do not encounter very much CO2.  In the less opaque clouds (southwest of Italy) some differences in the band temperatures are noticeable.  The band temperatures are most different in clear skies where transmission through the whole atmosphere must be accomplished by radiation in each spectral band; the differing CO2 sensitivities of the spectral bands cause most of the radiation from each spectral band to emanate from different layers of the atmosphere.  At the centre of the CO2 absorption band, radiation from the upper levels of the atmosphere (e.g. radiation from below has already been absorbed by the atmospheric gas) are sensed.  From spectral regions away from the centre of the absorption band, radiation from successively lower levels of the atmosphere are sensed.  Away from the absorption band, the windows to the bottom of the atmosphere are found.  Close this display when you are finished.

15.2.3 Use Linear Combinations (under Tools) to set up images that can be used in scatter plots.  Create a band 31 brightness temperature image for the x-axis of the scatter plot (in the Channel Combination Tool display activated by Linear Combinations select band 31 in the red box and void the operation between the red and green boxes; use the Compute command on the top of the display and click on x-axis in the resulting band 31 BT image).  Then create a band 31 minus band 29 image for the y-axis image (in the Channel Combination Tool display activated by Linear Combinations select band 31 in the red box and select subtraction for the operation between the red and green boxes and select band 29 in the green box; use the Compute command on the top of the display and click on y-axis in the resulting band 31 – band 29 BT image).  With x- and y-axis displays set, return to the Channel Combination Tool display and activate Scatter on the top of the displays along a transect in the scene.  The VisAD Scatter display shows [BT(31)-BT(29)] versus BT(31).  Display all negative values of [BT(31)-BT(29)] on the BT(31) image by left clicking on the left panel at the bottom of the VisAD Scatter display and control right click drag to box  the negative values; these appear in purple in the x-axis and y-axis images.  Now display all values of [BT(31)-BT(29)] greater than 10 on the BT(31) image by left clicking on the middle panel at the bottom of the VisAD Scatter display and control right click drag to box the values greater than 10; these appear in yellow in the x-axis and y-axis images.  Finally display all values of [BT(31)-BT(29)] less than 10 and greater than 5 on the BT(31) image by left clicking on the right panel at the bottom of the VisAD Scatter display and control right click drag to box the values between 5 and 10; these appear in torquoise in the x-axis and y-axis images.  Figure 7a shows the scatter plot and Figure 7b shows the selected regions on the BT(31) image.  Note that any selected region in VisAD Scatter display can be erased by left clicking on the associated bottom panel followed by control right click; a new region can then be selected by control right click drag as before.  To select non rectangular regions, shift right click drag enables you to draw a line surrounding any desired points.

15.2.3 Clear all selected regions in the in VisAD Scatter display (control right click for each bottom panel).  In the x-axis display (BT(31) image), enlarge the image by clicking on the positive magnification icon at bottom of display and then right click on the image several times.  Center on the cloud in northern Italy by clicking on the cross arrows icon at the bottom of the display and then right click drag the image to the desired position.  Use shift right click drag to encircle the cloud; note that this ice cloud shows only negative values of [BT(31)-BT(29)] in the in VisAD Scatter display.  See Figure 8.

15.2.4 Explore scatter plots of BT(21) versus BT(31).  Select some cloud and some clear surface.  Note that BT(SIRW) values are warmer than BT(LIRW) in cloudy scenes but they are roughly the same over non-vegetated land.

15.2.5
Select Band 27 (6.7 (m) on the Multichannel Viewer Display.  This WV band is used in cloud detection but also to derive upper tropospheric humidity (UTH).  A dry slot is evident in the 6.7 (m (band 27) water vapor sensitive image and upper level opaque clouds are apparent toward the northwest.  Draw a transect over the dry slot and note the 10 K BT(27) increase.  See Figure 9. 
15.2.6
Explore the bands 1 (0.65 (m), 6 (1.64 (m), and 31 (11 (m) measurements over the Alps, northern Italy, and the Adriatic Sea.  Demonstrate how the low 1.6 (m reflectance in Alpine snow contrasts with high 1.6 (m reflectance in ice clouds helping to distinguish between the two.  See Figure 10.
15.2.7
Combine spectral bands that are useful for characterizing surface and cloud features.  Plot the band combination [band 2 (0.86 (m ) / band 1 (0. 65 (m)] on the x-axis and band 31 (11 (m) on the y-axis is shown in Figure 15.12.  Select points in the scatter plot to reveal that clouds are found when the band ratio (2/1) is near one and band 31 is cold and non-vegetated land appears when the band ratio (2/1) is near one and band 31 is hot.  Vegetated land appears when the band ratio is much greater than 1.  Investigate how the snow index [band 1 (0.65 (m) – band 6 (1.6 (m) / band 1 (0.65 (m) + band 6 (1.6 (m)] helps to distinguish snow (near one) from clouds (near zero).  Warmer surface temperatures with snow index near one are sometimes outlining ocean features. 

15.3
Detecting Clouds
15.3.1
Cloud detection can be refined using spectral band combinations that include 0.65, 0.85, 1.38, 1.6, 8.6, and 11 (m.  Multispectral investigation of a scene can separate cloud and clear scenes into various classes. Cloud and snow appear very similar in a 0.65 (m image, but dissimilar in a 1.6 (m image (Figure 15.2 indicates that snow reflects less at 1.6 than 0.65 (m). For 8.6 (m ice/water particle absorption is minimal, while atmospheric water vapor absorption is moderate.  For 11(m, the opposite is true. Using these two bands in tandem, cloud properties can be distinguished.  Large positive values of [BT8.6 - BT11] indicate the presence of cirrus clouds; negative differences indicate low water clouds or clear skies. Cloud boundaries are often evident in local standard deviation of radiances.  The 1.38 (m offers another opportunity to detect high thin cirrus; this channel images the upper troposphere and is highly sensitive to the presence of ice crystals. 

Focus on the thin cloud region in the northwest corner of the image.  View band 31 (11 (m) versus [band 29 (8.6 (m) - band 31 (11 (m)].  Confirm that the largest positive differences are found in ice clouds and negative differences occur in water clouds.  Some of these clouds are not evident in the visible image at 0.65 um.  Band 26 (1.38 (m) is sensitive to water and ice reflectances from the upper half of the troposphere.  

15.3.2
Select a small region within the cloud band northeast of Italy.  Plot the brightness temperature differences [band 29 (8.6(m) - band 31 (11(m)] on the x-axis and [band 31 (11(m) - band 32 (12(m)] on the y-axis.  Note the hook shaped scatter plot resulting from partially clear and cloud contributions to the brightness temperature in each spectral band.  The Planck function radiance at shorter wavelengths is dependent on temperature to a higher power than the Planck radiances at longer wavelengths, thus the warmer part of the pixel contributes more to the brightness temperature at shorter wavelengths.  

To see this more clearly consider a calculation for broken clouds.  Assume Tclr=300 and Tcld=230. 
Recalling the discussion in Chapter 2 on temperature sensitivity of the Planck function, 

dB/B = α dT/T where α ( c2(/T implies that B is proportional to Tα.  Thus the cold part of pixel has more influence at longer wavelengths (lower wavenumbers).  
B12 ( = (1-N)*Tclr**4.1+N*Tcld**2.8~(1-N)*300**4.1+N*200**2.8
B11 ( = (1-N)*Tclr**4.3+N*Tcld**2.9~(1-N)*300**4.3+N*200**2.9
B8.6 ( (1-N)*Tclr**5.6+N*Tcld**3.7~(1-N)*300**5.6+N*200**3.7

For example for N=0.1, we find BT12 ( 293.5, BT11 ( 293.8, and BT8.6 ( 294.8.

Then when the brightness temperature differences in the scatter plot are considered,

[BT11(N)-BT12(N)] = [(1-N)*B11(Tclr)+N*B11(Tcld)]-1 - [(1-N)*B12(Tclr)+N*B12(Tcld)]-1

[BT8.6(N)-BT11(N)] = [(1-N)*B8.6(Tclr)+N*B8.6(Tcld)]-1 - [(1-N)*B11(Tclr)+N*B11(Tcld)]-1

we find that as we move from clear (N=0) to cloudy (N=1) skies they arrange themselves in a hook shape.  The spectral dependence of the cloud emissivity will modify the results of this simple calculation somewhat, but the dominating influence is from the Planck function.

This also demonstrates why cloud edges introduce difficulties to cloud detection techniques that rely on threshold brightness temperature differences to indicate cloud presence.  

15.4 Mapping Vegetation

The vegetation index is based on the relatively low leaf and grass reflectance from spectral bands below 0.72 (m and relatively high reflectance from spectral bands above.  Construct a pseudo image of normalized vegetation index [band 2 (0.86(m) – band 1 (0.65(m)] / [band 2 (0.86(m) + band 1 (0.65(m)].  Regions with some vegetation are clearly distinguished from those with little.  Regions without significant vegetation have indices below 0.3; vegetated regions show indices above 0.6.
15.5 Summary

New multispectral sensors such as MODIS, MERIS, GLI, and MSG are capable of producing a variety of enhanced products that include (a) cloud detection, (b) aerosol concentration and optical properties during the day, (c) cloud optical thickness, thermodynamic phase, and top temperature, (d) vegetation and land surface cover, (f) snow and sea-ice cover, and (g) surface temperature.  These capabilities will be continued into the future with VIIRS, ABI, MTSAT-R, and others.

Table 15.1:  MODIS Channel Number, Wavelength ((m), and Primary Application

Reflective Bands






1,2

0.645, 0.865



land/cld boundaries



3,4

0.470, 0.555



land/cld properties



5-7

1.24, 1.64, 2.13


land/cld properties



8-10

0.415, 0.443, 0.490


ocean color/chlorophyll


11-13

0.531, 0.565, 0.653


ocean color/chlorophyll


14-16

0.681, 0.75, 0.865


ocean color/chlorophyll


17-19

0.905, 0.936, 0.940


atm water vapor



26

1.375




cirrus clouds




Emissive Bands

20-23

3.750(2), 3.959, 4.050


sfc/cld temperature

24,25

4.465, 4.515



atm temperature

27,28

6.715, 7.325



water vapor

29

8.55




sfc/cld temperature

30

9.73




ozone

31,32

11.03, 12.02



sfc/cld temperature
33-36


13.335, 13.635, 13.935, 14.235

cld top properties 
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Figure 15.1:  MODIS emissive bands superimposed on a high resolution earth atmosphere emission spectra with Planck function curves at various temperatures superimposed (top) and MODIS reflective spectral bands superimposed on the earth reflection spectra (bottom).
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Figure 15.2:  Summary of spectral reflectance for various surfaces between 0.3 and 2.5 um (top left and middle), weighting functions for CO2 bands (top right), water and ice cloud absorption in the LIRW region (bottom left) and atmospheric transmission and surface emissivity from 3 to 15 um (bottom center), and water absorption of chlorophyll and accessory pigments from 0.4 to 0.9 um (bottom right).
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Figure 15.3:  MODIS Display (in hydra) of MODIS IRW (Band 31) radiances (W/m2/micron/ster) with minimum 2.14 and maximum 12.46 values the tool bar indicated on the screen.
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Figure 15.4:  MODIS IRW (Band 31) brightness temperature image displayed with a color scale range from 240 K (blue) to 320 K (red).
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Figure 15.5:  Selected region in Alps, northern Italy, and the Adriatic Sea.
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Figure 15.6:  Brightness temperatures in Band 31 (LIRW, 11 micron) along the indicated from the  Alps, over the Adriatic Sea, through northern Italy, and into the Tyrannean Sea.  cloud band has BT of 230 K and cloud .
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Figure 15.7:  Scatter plot of [BT31 (11 (m )] on the x-axis and [BT31 (11 (m) – BT29 (8.5 (m)] on the y-axis.  Large negative [BT31-BT29] indicates ice cloud.
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Figure 15.8:  Scatter plot of [BT31 (11 (m )] on the x-axis and [BT31 (11 (m) – BT29 (8.5 (m)] on the y-axis.  Ice cloud shows negative [BT31-BT29] values in scatter plot.
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Figure 15.9:  Cross-section plot of BT(H2O) for the 6.7 (m (band 27) water vapor sensitive band from north to south over a dry slot.  The dry slot is about 10 C warmer than the neighboring wet areas.


[image: image15.jpg]



[image: image16.jpg]@n




Figure 15.10:  Scatter plot (bottom) of reflectance in 1.6 (m (band 6) versus brightness temperature in 11 (m (band 31).  BT(31) image (top) shows snow in Alps (green) is distinguished from ice in clouds (purple) by differing band 6 reflectances.
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This slide shows an observed infrared spectrum of the earth thermal emission of radiance to space.  The earth surface Planck blackbody - like radiation at 295 K is severely attenuated in some spectral regions.  Around the absorbing bands of the constituent gases of the atmosphere (CO2 at 4.3 and 15.0 um, H20 at 6.3 um, and O3 at 9.7 um), vertical profiles of atmospheric parameters can be derived.  Sampling in the spectral region at the center of the absorption band yields radiation from the upper levels of the atmosphere (e.g. radiation from below has already been absorbed by the atmospheric gas); sampling in spectral regions away from the center of the absorption band yields radiation from successively lower levels of the atmosphere.  Away from the absorption band are the windows to the bottom of the atmosphere. Surface temperatures of 296 K are evident in the 11 micron window region of the spectrum and tropopause emissions of 220 K in the 15 micron absorption band.  As the spectral region moves toward the center of the CO2 absorption band, the radiation temperature decreases due to the decrease of temperature with altitude in the lower atmosphere.

IR remote sensing (e.g. HIRS and GOES Sounder) currently covers the portion of the spectrum that extends from around 3 microns out to about 15 microns. Each measurement from a given field of view (spatial element) has a continuous spectrum that may be used to analyze the earth surface and atmosphere.  Until recently, we have used “chunks” of the spectrum (channels over selected wavelengths) for our analysis. In the near future, we will be able to take advantage of the very high spectral resolution information contained within the 3-15 micron portion of the spectrum.  From the polar orbiting satellites, horizontal resolutions on the order of  10 kilometers will be available, and depending on the year, we may see views over the same area as frequently as once every 4 hours (assuming 3 polar satellites with interferometers).  With future geostationary interferometers, it may be possible to view at 4 kilometer resolution with a repeat frequency of once every 5 minutes to once an hour, depending on the area scanned and spectral resolution and signal to noise required for given applications. 
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