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The constellation of NASA Earth Observing Satellites provides a 
comprehensive suite of instrumentation for observing the Earth. Of 
particular note for this presentation are Terra and Aqua. 
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Despite a design lifetime of only 5 years, the Terra spacecraft is 
expected to operate for up to 15 years. 
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The first daytime imagery from Terra MODIS was acquired on  24 
February 2000. 
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Starting with the double-sided scan mirror, the MODIS 
optical system is a complex arrangement of beam splitters, 
fold mirrors, and focal plane arrays. The complexity of the 
optical system introduces the possibility of artifacts including 
polarization and striping. 
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A special feature of the MODIS instrument is the presence of onboard 
calibration sources for both the infrared and visible channels. The 
Solar Diffuser and Solar Diffuser Stability Monitor allow accurate 
calibration and monitoring of the reflectaed solar channels. The Black 
Body and Space View allow precise calibration of the infrared 
channels on every Earth scan. The SRCA allows the long term stabiity 
of the reflected solar channel spectral responses to be monitored. 
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MODIS added several challenges compared to heritage instruments. 



14 

MODIS reflected solar channels measure the intensity of solar 
photons that have been reflected or scattered into the sensor field of 
view by the atmosphere, land, or ocean. These bands only operate 
when the sun is above the horizon. Bands 1 and 2 are 250 meter 
resolution at nadir; Bands 3-7 are 500 meter resolution; Bands 8-19 
and 26 are 1000 meter resolution. 
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MODIS Thermal Infrared bands sense the energy of photons which 
are emitted by the atmosphere, land, and ocean. These bands operate 
day and night. The shortwave infrared bands (3-7 to 4.0 microns) do 
contain a small but significant reflected solar contribution during 
daytime. 
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The transmittance of the atmosphere from 0.4 to 2.5 microns is dominated by oxygen, 
ozone, water vapor, and carbon dioxide absorption. Remote sensing of cloud, land 
surface, and ocean features is accomplished within the transparent window regions of 
the spectrum. Remote sensinr of water vapor is achieved using the absoprtion bands 
around 0.9 microns. High cirrus clouds may be detected at 1.38 microns because very 
few photons can reach the surface in this water vapor absopriton band, and the only 
photons reaching the sensor are those that have reflected or scattered from high clouds. 
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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. 
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Each MODIS earth scan paints a bowtie-shaped outline on the surface 
of the Earth. As the spacecraft moves forward in time, each 
successive scan paints a new bowtie on the Earth, thus building up a 
continuous image. Ten 1000-meter samples are acquired along the 
ground track for each scan. 
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However a consequence of the bowtie scan is that the same region of 
the Earth is sensed on consecutive scans. 
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The area sensed by a MODIS field of view (i.e., a pixel) grows as a 
function of scan angle. 
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For ocean applications, the MODIS team has selected several spectral bands that are on 
line and off line absorption features associated with chlorophyll and accessory pigments.  
The multispectral data will be used to reveal their respective concentrations in the ocean 
waters. 
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There are many pathwys via which a photon can reach the sensor. In 
a typical case, less than 5% of the signal received at the sensor is 
from the water itself. The remainder is due to scattering in the 
atmosphere and reflection from the ocean surface. These atmospheric 
conltributions to the measured radiance must be removed in order to 
determine the optical properties of the water. 



Retrieval of chlorophyll-A relies on the change in absorption at blue 
and green wavelengths as a function of increasing chlorophyll. 
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Strong chlorophyll features may be visible in true color imagery. 
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But fine structure in chlorophyll concentration will only be revealed 
following atmospheric correction. 
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The infrared radiance received at the satellite depends of the ocean 
surface temperature and emissivity, and the amount of water vapor in 
the atmosphere. The height of the curve indicates the surface 
temperature, while the difference between the 11 and 12 micron 
radiances indicates the amount of water vapor absoprtion (more at 12 
microns than 11 microns). 



Agulhas Current and Agulhas Retroflection (south of Africa) and 
associated currents and eddies (from Peterson and Stramma, 1991; 
after Lutjeharms and van Ballegooyen, 1988). 
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In this SST example from Aqua MODIS, the warm Agulhas current can 
be seen streaming down the southeast coast of the African continent, 
bringing warm water from lower latitudes. 
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In this sea surface temperature image, the Agulhas Current shows up 
as a tongue of warm water flowing southwest from the Indian toward 
the Southern Ocean. The northward flowing Benguela Current 
appears as a band of lower temperature along the west coast of South 
Africa.A corresponding chlorophyll image shows that the nutrient-poor, 
subtropical water in the Agulhas Current supports relatively meager 
populations of phytoplankton while the coastal upwelling associated 
with the Benguela Current supports one of the most productive 
phytoplankton assemblages in the world. 
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Global composites of sea surface temperature and chlorophyll reveal 
the relationship between temperature and ocean productivity. 
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Suspended sediments cause changes in absoprtion at red 
wavelengths. 
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Suspended sediment is retrieved here using 3 different near-infrared 
bands, both with and without atmospheric correction. Sediment optical 
properties are highly variable depending on the river discharge source. 
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At visible and near infrared wavelengths, surface type has a large impact on the sensed 
radiance and reflectance. Vegetation reflectance is low for wavelengths below 0.7 
microns, and then sharply increases. Likewise, snow reflectance is high for wavelengths 
less than 0.9 microns, but sharply reduced at 1.6 and 2.1 microns. These reflectance 
changes with wavelength can be used to infer the properties of the land surface. 
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Even though surface features contribute a large part of the signal 
sensed over land, the contribution of the atmosphere must be 
removed to provide accurate characterization of the land surface, 
particularly when trying to detect changes (e.g., in vegetation cover). 
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In addition, reflectance changes as a function of viewing angle must 
be removed for accurate change detection. In the left hand images. 
This is done by adjusting the reflectance to a nadir view. 



True color imagery can also be used to identify sea ice, as seen in this example from the Canadian Ice Service. The operational MODIS algorithm for snow detection uses a normalized difference snow index (NDSI). 
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It is important to note that the atmospheric windows are not transparent (there is some 
moisture absorption of radiation in the 8 to 12 um region) and that the earth surface does 
not exhibit blackbody behavior.  These characteristics must be accounted for when using 
remote sensing data over land to infer temperature and moisture profiles.  They are also 
important for mapping land surface properties. However the sensed radiance is 
dominated by surface temperature and emissivity over the land. 
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In these composites from Terra and Aqua, the diurnal change in land 
surface temperature can be clearly seen. Note how the LST warms up 
in the afternoon overpasses from Aqua, and then cools down in the 
night passes. 
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In this RGB image combination of MODIS derived emissivities, the 
drastic difference in emissivity over North Africa can easily be seen. 
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This flowchart shows the relationships between the MODIS 
atmosphere products. Note that all of the products depend on the 
MODIS cloud mask. 
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For atmospheric applications, MODIS reflective bands can indicate particle size in 
clouds.  Notice how the spectrum opens with increasing wavelength so that 
measurements at 2.1 and 0.75 um can be used to discriminate 5 to 30 um particles.  
Again this is a multispectral application of the MODIS data to reveal cloud and clear sky 
properties. 
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The MODIS Cloud Mask detects the presence of cloud in each field of 
view (pixel). Reflected solar (daytime) and thermal emissive bands 
(day/night) are used in combination, depending on the surface type, to 
indicate the likelihood of cloud. Note that there are four result classes, 
not just a binary clear/cloudy decision. 



This is  
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In this example, a liquid water cloud over and ocean surface is 
simulated, and the reflectance at 1.6 microns vs. the reflectance at 
0.86 microns is plotted for a range of cloud droplet sizes (effective 
radius). It can be seen that for small droplets, there is good sensitivity 
at 2.1 microns for a range of optical depths. However as the cloud 
droplet size increases, there is less sensitivity to changes in optical 
depth. 
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Aqua MODIS Aerosol Optical Depth from ECNU DB station on June 4, 
2010 
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The brightness temperatures of the outgoing radiance observed by an airborne 
interferometer are shown along with the MODIS infrared spectral bands. The brightness 
temperatures generally decrease as the center of an absorption band is approached.  
This decrease is associated with the decrease of tropospheric temperature with altitude.  
Near about 690 cm-1, the temperature shows a minimum which is related to the colder 
tropopause. On the basis of the sounding principle already discussed, the MODIS team 
selected a set of sounding wave numbers such that a temperature layers in the 
troposphere can be described.  The arrows indicate the selection.  The associated 
weighting functions are also shown revealing that the radiation is coming from broad 
overlapping layers, helping to confound the inversion problem from multispectral radiance 
measurements to temperature profile. 
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These events (mountain waves and gravity waves were detected 
in clear skies. 



The MODIS Cloud Top Pressure product is generated by a physical 
algorithm based on ratios of radiance observations in the longwave 
infrared, where the atmosphere becomes more opaque at longer 
wavelengths due to CO2 absorption. 
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The MODIS Cloud Top Pressure product is generated by a physical 
algorithm based on ratios of radiance observations in the longwave 
infrared, where the atmosphere becomes more opaque at longer 
wavelengths due to CO2 absorption. 
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The MODIS Cloud Top Pressure product is generated by a physical 
algorithm based on ratios of radiance observations in the longwave 
infrared, where the atmosphere becomes more opaque at longer 
wavelengths due to CO2 absorption. 
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The MODIS Cloud Phase product is generated by a threshold 
algorithm based on modeled effects of cloud phase on 8.5, 11, and 12 
micron brightness temperatures, where the change in refractive index 
of ice vs. water creates larger brightness temperature differences. 

74 



The MODIS infrared total water vapor retrieval is done by a statistical 
algorithm that has been trained by a global database of quality 
controlled radiosondes. 
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Global statistics of MODIS cloud properties help to reveal information 
about the presence of optically thick high and low clouds, and also the 
presence of optically thin high clouds, both of which may be important 
indicators of climate change. The scientific community is still debating 
whether there are long term changes in cloudiness. 
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