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Abstract

The principles of optical, thermal infrared, and radar remote sensing are reviewed for the purpose of describing their potential contribution to precision agriculture.  Examples of the use of optical and radar remote sensing for precision agriculture are provided.  Current and future orbital remote sensing systems are described which can be used in agricultural applications in the tropics and those systems which are being applied to the Mesoamerican Biological Corridor through the La Comisión Centroamericana de Ambiente y Desarrollo (CCAD) through the agreement with NASA.  Lastly an example is given of the use of Unmanned Aerial Vehicles in overcoming the tropical cloud cover problem.

The need for Agricultural Information

On national and global scales new agricultural crop expectations are shaped by economic variables, government policy, soils, climate, and weather.  On a regional basis, weather,  insects and disease can modify these expectations.  On a local basis, individual farm operators must contend with these larger scale factors and must also deal with soil and water conservation, water availability, nutrient availability, pollution, and the history of land use.  Previous crop, pesticide, herbicide, fertilizer, and tillage practices also have dramatic effects on the ability of a parcel of land to produce a given crop.  Timely information on current crop acreage, quality, yield, and stress indicators can be of value at the local, national, and international levels.  Both national economic policy and local business decisions are based on these factors. Moreover, timely crop information affects market analysis, decision needs, policy formulation, and technology.  The end users in agriculture are farm related manufacturing, government, agribusiness, shipping, ground transportation, investors, and the farm operators.  Information needed by the end users includes: crop quality, production and yield estimates, irrigation system performance, stress detection (weed pressure, pests, water and heat stress), estimates of the required fertilizer, irrigation, herbicide and pesticide applications.  

Precision Agriculture

Precision agriculture refers to the management of agricultural practices within commercial agricultural fields so as to maximize the crop production, sustainable land use, and minimize environmental pollution.  Precision agriculture is possible because within field spatial variability of biomass is known to depend upon soil variability and the spatial variability of biomass can be detected with airborne or satellite remote sensing systems.  Wehrhan and Selige (1997) showed in controlled experiments on winter wheat in southern Germany that the available water capacity of root zone (AWCrz) was directly proportional to biomass. 
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Moreover, they found that fresh biomass was proportional to leaf area index and grain yield.  Most importantly, they found three spectral bands that correlated well with biomass, leaf area index and grain yield when the wheat was near maturity.  These bands were the middle infrared (1.55 - 1.75 micrometers), red band (0.63-0.69 micrometers), and the thermal infrared (8.5 - 13.0 micrometers).  Because of these relationships it is possible to determine the relationship between the spectral information and the underlying soil properties such as AWC rz.   Since nitrogen utilization on winter wheat fields is a function of AWC rz , the amount of fertilizer application can be adjusted according to the location in the field using a GPS controlled systems.  
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Other crop stresses such as those due to drought, fungi, and insects also cause apparent changes in the spectral reflectance of vegetation canopies.  Because of this, precise applications of irrigation water, herbicides, fungicides,  and pesticides can be applied to crops once the remote sensing imagery is properly geocoded and the source of the stress is determined.  The major difficulty with precision agriculture is that vegetation canopy changes can be caused by a variety of stress factors, all leading to spectral reflectance changes.  However, the farm producer can help separate these effects if he has a number of years of experience using remote sensing in that particular field.  A pattern that persists from year to year is most likely due to soil variability, whereas a different pattern from year to year may indicate that other stress factors are the cause.  In situ measurements are also a key requirement to determine crop conditions, but must always be used in conjunction with remote sensing information in order to properly correlate cause and effect and allow proper management practices to be applied to maximize the crop yield.  Without an estimate of within field variability provided by remote sensing, in situ measurements of stress factors would be inefficiently applied and would be prohibitively expensive.

A common algorithm used to emphasize vegetation in remote sensing images and to allow the comparison between separate images or between two dates is the Normalized Difference Vegetation Index NDVI. 

NDVI = (nIR-R)/nIR+R)

Where nIR is a near infrared band (somewhere in the region of .0.8 to 1.1 micrometers) and R is a red band ( somewhere in the region of 0.63 to 0.69 micrometers).  NDVI ranges from  -1.0 to + 1.0.  Lower values indicate non-vegetated areas and high values indicate higher concentrations of green biomass.  Other transformations such as Greenness and Principal Components are also used, but NDVI is very commonly used since it is so easily calculated.

Veldkamp et al (1990) studied the variation of banana yield over a 370 ha banana plantation in Costa Rica.  As shown in the following figure, they found that banana yields were correlated with Thematic Mapper TM band 4.  Correlation of yield with various transforms of TM data such as Greenness, NDVI, etc. did not improve on the correlation with yield.  Moreover, they found that variance in yield was primarily explained using a soil map (67%), whereas the TM data alone only explained 46% of the variance.  Since the canopy of a banana crop is not closed they indicated a considerable amount of the TM4 reflectance originates directly from the soil.  Hence the attempts to use the other transforms.  Peddle et al (1999) also found that NDVI was inconsistent and unsatisfactory due to background reflectance and canopy geometry of Black Spruce canopies.  They improved on the situation by:  1) performing a mixture analysis at the subpixel scales,  2) correcting for solar zenith angle, and 3) modeling the individual elements of the canopy with cones or spheres.
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Lee et al (1997) used a field spectroradiometers to compare various spectral indices to leaf area index of rice canopies throughout the growing season.  The ratio R910/R460 showed a strong correlation with LAI and total dry matter production.
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Ribbes and Le Toan (1996) synthesized rice experimental data from the Semarang test site in Indonesia and the Akita test site in Japan in order to develop a robust algorithm for mapping rice fields using radar satellite imagery such as ERS-1.  Short cycle tropical rice was used at the Indonesian site and long cycle temperate rice was used at the site in Japan.  Field measurements showed the increase in plant biomass as a function of time as shown in the following figure.
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ERS-1 SAR images at C band VV polarization with resolution of 12.5 m showed the increase in backscattering coefficient ()as a function of time (see the following figure).  At the beginning of the cycle, the flooded fields show very low backscatter.  As the plants mature more multiple scattering occurs between the stem-soil surfaces and the backscatter coefficient () increases and levels off as maturity is approached.  Early in the cycle there is substantial dispersion between the two sites when shown as a function of time.  However, the data between the two sites show good agreement when backscatter is shown as a function of biomass.  Therefore, it appears like the winter wheat case, that remote sensing can provide a reasonable estimate of crop biomass.
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Lastly, the ERS-1 data from these two sites were used to simulate conditions in Java where periods of 6-8 weeks occur between rice plantings.  This causes a range in rice maturity within a given ERS-1 SAR scene, making the standard classifications algorithms (e.g. maximum likelihood) invalid.  In this situation, temporal modeling must be performed on each pixel within the scene in order to properly identify the rice and estimate the crop conditions within a field, Badhwar (1980), Badhwar et al (1981) and Badhwar and Henderson (1985).
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Liew et al (1998) found they could identify different crop growth stages in the false color images generated from combined ERS and RADARSAT data for monitoring Rice crops in the Mekong River.  They also noted ERS backscattering coefficients increased with growth stages, but the RADARSAT backscattering coefficients seem to saturate at an earlier stage than ERS.  This may be due to ERS-1 having VV polarization and RADARSAT having HH polarization.
[image: image12.wmf]
Land use maps at a scale of 1:200.000 exist for the whole of Costa Rica Verhoeye (1997).  They were produced in 1985 from Landsat-TM images and aerial photographs.  The north-east of Costa Rica is a region with a nearly flat relief and some isolated hills.  Most of the land is covered with pasture and wet tropical forest.  During the last decade a significant portion of the area has been converted into plantations, mostly of banana with about 10% of the North Atlantic Zone being covered with banana.  
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Verhoeye and De Roover (1996) developed a procedure for producing land cover maps using multitemporal radar images together with derived texture images. The procedure has been applied to a series of 4 SAR images, which yielded a map with an overall accuracy of 78 %.  This technique mapped the large banana plantations with high precision (shown in the following figure).  Photointerpretation of 1993 aerial photographs was used to be able to assess the accuracy of the classification result.

Their study area was situated in the Atlantic Zone of Costa Rica (Central America) and covers some 425 000 hectares. The area is virtually flat, with a few isolated hilltops reaching 170 meters.  Most soils are well drained, with the exception of a more than ten kilometer wide zone along the Caribbean coast.  The southern half is rather densely populated, with Puerto Viejo de Sarapiquí, Guápiles, Guácimo and Siquirres as main population centres.
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Lichtenthaler et al (1997) used a UV-laser (e. g. 355 nm) in the field to examine the blue and green fluorescence as well as the well known red and far-red chlorophyll fluorescence.  They found the ratios blue/red and blue/far-red fluorescence ratios F440/F690 and F440/F740 provided a means of early stress detection in plants.  Because of the opacity of the atmosphere at ultraviolet wavelengths, this approach will best be utilized from the tractor in the field or from low altitude aircraft rather than from spaceborne sensors.  

High resolution sensors from space can provide important information for precision agriculture only if it improves production for a high cash crops such as broculli, strawberries, lettuce and probably bananas, Johannsen, (1997).  However to do this the data or interpretations must be available within 24-48 hours after collection.  The biology of the plant changes to much for one to take effective action if the information arrives later than that.  Because of that low altitude aircraft (UAV's) and sensors mounted at the field level (e.g. on tractors) are most effective.  Examples are an automatic weed spraying systems using remote sensing, a sensor for measuring organic material in soil, and a system to measure soil texture based on sound (sand has a scratchy sound and clay has a squeaky sound).

Atmospheric Effects

Agricultural remote sensing  must contend with remote sensing difficulties such as cloud cover, absorption and scattering by atmospheric gases, and scattering by atmospheric particles.  These problems limit the useful wavelengths to regions of the spectrum called "windows".  The two charts which follow show the resulting 1-way atmospheric transmission in the visible, near infrared (IR), mid-IR and thermal IR.  From these charts it is evident that there are only a few spectral regions with sufficiently high transmission to be useful for remote sensing.  
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Atmospheric Transmission from 0.4 to 2.5 micrometers
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Atmospheric Transmission from 2.5 to 14.0 micrometers

A variety of remote sensing tools are used to overcome these problems.  Spacecraft cameras and scanners operating in the visible regime have been used since the early 70's to produce large scale images (1: 1 x106, 1: 5 x 106).   Small scale images 

(1: 50,000, 1: 1,000) from airborne visible wavelength sensors have been used for decades in order to map agricultural field boundaries and more recently to determine crop species and condition.  Starting in the 1950's, scientists designed aircraft multispectral scanners to only utilize the regions of high atmospheric transmissivity called "windows".  The development of hyperspectral remote sensing in the 80's has enabled the better utilization of the information not obscured by the atmosphere by creating images with hundreds of bands (Vane et al, 1984 ).  Moreover, hyperspectral remote sensing provides additional information about the degradation of the signature by the atmosphere and this sometimes allows correction for these confusion factors.  

Cloud cover in the tropics is a problem for all visible, near infrared, and thermal infrared remote sensing satellite instruments since clouds are opaque at these wavelengths.  Most remote sensing satellites gather their images at mid-morning when the cloud cover is less, but in the tropics this may still not provide for sufficiently frequent observations for agricultural applications.  Polar orbiting satellites are only able to acquire images according to the orbital repeat cycle which is sometimes as long as each 16 days.  Placing high spatial resolution remote sensing systems in geosynchronous Earth orbit (GEO) would provide for daily or hourly acquisition of imagery, but no GEO satellites exist and moreover, none are even being developed due to the difficulty and cost involved.  Therefore three possibilities exist.  One may either utilize the infrequent images obtained when the sky is clear, utilize radar systems which can "see" through all but the thickest clouds, or fly aircraft based sensors which can be utilized on a daily or hourly basis.

Unmanned Aerial Vehicles (UAV)

One very effective method of reducing the effect of clouds on remote sensing is to use low flying aircraft to allow frequent acquisition attempts during brief periods of clear weather or to fly underneath the cloud base and collect imagery during brief periods when the target is properly illuminated by sunlight.  Small Unmanned Aerial Vehicles (UAV's) provide rapid response and inexpensive operations together with frequent acquisition opportunities.  The following table describes the capabilities of an example hand launched UAV which is built by Air-O-Space International Hammond (1999).


8 ft wing Span


22 lbs. gross weight (10 lb. payload)


1 hour endurance


150 to 600 m altitude operating altitude


GPS Navigation system


Sensors - 3 band Multispectral, or 35 mm SLR camera, or color video


Shippable by FEDEX or as check-in luggage on commercial flights

· Cost:  less than $40K

· Image size from an altitude of 160 m is 250 m x 250m.

· Resolution from an altitude of 160 m is  <  0.5 m.

A less expensive electric UAV is under development at this time.

Hyperspectral Signatures
The reflectance of solid surfaces is primarily a function of composition and particle size.  The spectral wavelength of an absorption band depends on the chemical composition whereas the overall brightness is a function of the particle size.  

Hyperspectral Instruments

One of the first hyperspectral scanners was the Airborne Imaging Spectrometer (AIS) which was developed by the Jet Propulsion Laboratory (JPL) in the early 1980's (Vane et al, 1984 , Goetz, et al, 1985).  The Airborne Visible/Infrared Imaging Spectrometer (AVIRIS) was also developed by JPL and was first tested in 1987 (Vane and Goetz, 1988).  It uses 224 bands covering the region between 0.4 and 2.45 micrometers.  Multispectral scanners on the other hand provide only 5 or 10 bands covering the same spectral wavelengths.  The "Probe-1" aircraft hyperspectral instrument was recently developed by the Earth Search Sciences Incorporated (Peel, 1998).  It has similar bands as AVIRIS, but also includes some multispectral bands in the middle infrared and thermal infrared.  Analysis techniques have been under development for many years and applied to multispectral sensors like TIMS for the thermal IR (Kahle and Goetz, 1983) and ASTER for the middle IR (Kahle, et al 1980).

At present there are no hyperspectral sensors on orbit.  The Lewis satellite was to have been the first, but it failed shortly after launch in August 1997.  Several hyperspectral sensors are planned to be launched into space in the near future.   EO-1 a NASA spacecraft carrying a hyperspectral sensor with 542 channels is scheduled for launch in December 1999.  Orbital Imaging Corporation is planning to launch a 280 channel visible - near IR hyperspectral sensor in 2000 on the Orbview-4 spacecraft.  The Australian spacecraft ARIES is scheduled for 2002 and the U. S. Navy has a hyperspectral satellite (NEMO) scheduled for launch in 2000.

Analysis Techniques

Hyperspectral data provides substantially more information about the media being studied and also provides the opportunity to remove many of the effects of the atmosphere as well.  Ratioing two nearby bands is one of these revolutionary techniques.  In this approach, one of the bands is chosen on a spectral feature (maxima or minima) and the other is from an adjacent spectral band unaffected by this feature (background).  The additive effects due to the atmospheric scattering (additive component) are first removed by subtracting the reflectance of "darkest objects" from each band (e.g. clear water).  The results for each band are then ratioed.  The image produced has many important characteristics: 1) calibration is dramatically simplified since either field spectra or laboratory spectra can be used for matching,  2) the ratios are more robust than single channel data alone, since all illumination, atmospheric, and electronic gain effects are removed, 3) topographic slope effects are also removed, 4) only one training set per target class is required,  5) the ratios are fully extendible and can be compared with the same ratios taken in other regions of the world.

Unfortunately ratioing of bands in the thermal infrared does not reap the same benefits as in the reflective portion of the spectrum.  However, new analysis techniques promise to improve substantially on earlier techniques by accounting for both the temperature and the emissivity of the surface and removing the effects of the atmosphere (Borel, 1998). This technique takes advantage of the fact that spectra of vegetation and soils are more broad spectrally whereas the spectra of atmospheric gases are very narrow (high spectral resolution).

Radar Remote Sensing - Introduction
There are three primary advantages of radar remote sensing.  Because it is an active system which provides its own illumination, it can be used both day and night, independent of sun angle.  Also, at radar wavelengths longer than Ku band, all but the thickest thunderstorm clouds are transparent .  Lastly, radar reflection is very sensitive to the size, shape, and electrical properties (dielectric constant) of objects.  This last characteristic makes radar remote sensing data very complementary to the remote sensing data in the visible and infrared where the surface chemistry is of paramount importance and the physical structure of the media is of secondary importance.

The microwave bands important for remote sensing are:


Band
Wavelength

______________________________________________________________


P-Band
77-107    cm


L-Band
15-30     cm


S-Band
7.5-15    cm


C-Band
3.75-7.5  cm


X-Band
2.40-3.75 cm


Ku-Band
1.67-2.40 cm


K-Band
1.18-1.67 cm


Ka-Band
0.75-1.18 cm

Atmospheric water vapor absorbs at wavelengths of 1.36 cm and 0.164 cm and atmospheric oxygen absorbs at 0.5 cm and 0.25 cm.  While the microwave regions between the water vapor and oxygen absorption lines can be utilized for remote sensing there is a general decrease in atmospheric transmission as wavelength is decreased as shown in the following chart (Ulaby et al , 1986).  In order to minimize atmospheric effects due to oxygen and water vapor, most radar remote sensing is done at wavelengths longer than 2 cm.
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Radar Signatures

Size and shape of targets are the most important factors affecting the return of a radar signal.  Next in importance is the dielectric constant of the target, which is largely affected by water content for permeable materials.  This is true of vegetation and also of soils.  For most soils and vegetation material, an increase in water content increases the dielectric constant which in turn increases the amount of backscatter (creating a bright SAR signature), Sabins (1996).  All the components of a vegetation canopy (bole, stems, branches, twigs, and leaves) can be important scatterers and absorbers according to the radar wavelength and the size of each component.  The shorter wavelength radars are affected mostly by the top of the medium (e.g. vegetation canopy or soil surface) and the smaller components (leaves and twigs) and the longer wavelength radars tend to "see" deeper into the medium.  For example L band would tend to penetrate deeper into the canopy than would C or X band.  The penetration capability of the L-band SAR on the Space Shuttle was utilized to find the 4,800 year old city of Ubar buried under the sand in the Arabian Desert (James, 1995).  Moreover, Dobson et al, (1997) used the SIR-C imagery of L-HH/C-HH to detect buried oil lakes in the Kuwait desert following the Persian Gulf War in 1991.

The strongest scattering effects are apparent when the canopy component is nearly the same size as the wavelength of the radar.  Paloscia et al (1998) investigated the relationship between plant biomass and L and C band reflectance (backscatter coefficient) and found that reflectance increases with biomass (or total water content), but at different rates for crops with circular and narrow elliptical leaves.

Radar can be linearly polarized or circularly polarized.  Linear polarization is usually employed in remote sensing.  Horizontal polarization is the state when the electric vector is perpendicular to the plane of incidence.  The notation HH for polarized radar signals indicates that horizontally polarized energy is transmitted by the radar system and horizontally polarized energy is received.  A vertical polarized radar signal when traversing a media with predominantly vertical structure (e.g. trees) will be scattered and absorbed more than will a horizontally polarized wave.  At times some energy will be reflected back at a different polarization than was sent out.  This would be detected using a radar with VH or HV capability; that is, sending out V polarized radar signal and receiving H or vice versa.  Large amounts of backscattering at cross polarization often indicate substantial target multiple scattering like that from a lava flow (Dierking and Haack, 1998). 

SAR classification mapping of vegetation type (e.g. corn, soybeans) also depends primarily on the wavelength of the SAR and the polarization because the radar scattering is a function of the physiognomy (distribution of leaf and branch size, shape, and orientation) of the plants.  Excellent results for vegetation classification have been achieved when long wavelength SAR data (P or L band) are used in conjunction with shorter wavelength SAR data (X or C band), each having a multiple polarization capability (Kellndorfer et al, 1998).

Passive microwave remote sensing utilizes the natural radiation that all objects emit due to their temperature.  In the thermal infrared this natural emission is proportional to the emissivity times the temperature raised to the fourth power, but in the microwave spectrum, it is proportional to the temperature times the emissivity.  So there are still two factors to consider, just like in the thermal infrared.  Early research into soil moisture remote sensing measurements indicated that passive microwave might be promising. since the dielectric constant of a permeable medium like soil is proportional to soil moisture.  As the soil moisture increases, the dielectric constant increases and the measured temperature at the antenna decreases (Schmugge et al, 1974).  Analysis techniques allow the removal of the effect of the water in overlying vegetation from aircraft acquired L-band brightness temperature (Jackson, et al, 1995).  Most passive microwave remote sensing research done today is for the purpose of precision agriculture and is at the individual field level, with the instrument being operated from a platform a few meters above the soil surface.  An example is Jackson et al (1997) who used S and L band radiometers to measure water infiltration in an irrigated field.  

Soil Moisture

From orbital altitude, passive radiometers have poor resolution and cannot compete with the 25 m pixel size of modern orbital SARs.  For example the microwave radiometers on the Russian Meteor-3M spacecraft have pixel sizes between 12 and 75 km depending on frequency, (Cherny, et al, 1998).

De Roo et al (1998) used C and L band radar polarization measurements from a ground platform to successfully measure both the vegetation water mass (ratio of CHV/CVV) and soil moisture underneath the vegetation canopy (ratio of LHV/CHV).  Quesney et al (1998) used the ERS/SAR satellite (C band VV polarization) to successfully measure soil moisture under a wheat canopy, but only after the wheat had senesced (matured) thereby substantially decreasing the plant water content to near zero.  In general, areas with substantial vegetation cover will require multiwavelength SARs (L  or P and a short wavelength band like C or X) each must have multipolarization including cross polarization.  The technique first classifies vegetation cover type and then applies soil moisture inversion algorithms that are class-specific.  Moisture retrieval under dense forest canopies is not practical except for the  special case of inundation (Dobson, 1998).

Very recently scientists have started exploring the VHF bands for remote sensing applications.  Because of their extremely long wavelengths they penetrate vegetation and soil better than the shorter wavelengths.  Imhoff et al, (1998) found that VHF bands of 2.5 to 3.75 meters were very useful in differentiating between stands of trees with biomass densities above 100 metric tons per hectare.  Gustavsson, et al, (1998) developed the CARABAS aircraft radar system (mounted on a Sabreliner) which covers the lower VHF band (3.33 to 15 meters) for research into foliage penetration, biomass estimation and SAR interferometry.  Hallikainen et al, (1998) used the CARABAS system  in comparison with C and X band systems and found the VHF wavelengths better for measuring total biomass.   There are some difficulties using these bands, however.  The ionosphere causes substantial interference with P band and VHF bands (Ishimaru et al, 1998) and the VHF bands span channels used for  television broadcast, pacemakers, FM radio, Public Service FM, and a variety of other bands already allocated by the Federal Communications Commission, so these bands must be used with care.

Note that there are currently no orbital SARs operating at long wavelengths (VHF, P, or L bands), only C-band systems (Radarsat and ERS-2) are currently operating on orbit.

Radar Instruments
Side Looking Radar (SLAR) was first developed for military aircraft use in the 50's (Moore 1983) and was first used for Earth sensing in the 60's in order to image the Earth's surface independent of weather conditions and solar illumination (Carver, et al, 1985).  Later, it became apparent that SLAR antennas could not be built large enough to achieve the desired signal to noise and spatial resolution.  Synthetic aperture radar  (SAR) was invented at the Willow Run Laboratories of the University of Michigan in the 1960's (Vincent, 1987) in order to overcome these difficulties and eliminate the range dependence so that the images would look more like aerial photographs.  The SAR technique constructs a virtual antenna many times larger than the real antenna by gathering interference data as a function of the speed of motion of the aircraft or other platform.  In fact, SLAR was never feasible to be used in space because the antennas would be too large and expensive.  Today almost all remote sensing radars are SARs.   In 1978 the L-band SAR spacecraft called SEASAT was launched (Carver, et al 1985).  An L-band SAR flew on the Space Shuttle in 1981 and 1984 and finally in 1994, the Space Shuttle carried the Space Radar Laboratory which had full polarization SARs at X, C, and L-band.

Since 1992, the Earth has been almost continuously mapped by several remote sensing radar satellites, including ERS-1/2 (launched 1991/1995), JERS-1 (launched 1992, failed 1998) and RADARSAT (launched 1995).   ERS-1 and 2 satellites have C-band SARs with VV polarization, while RADARSAT is also C-band, but at HH polarization.  JERS-1 used the longer wavelength L-band at HH polarization.  RADARSAT was launched primarily to measure the extent of sea ice which affects shipping in the polar regions.  Research on vegetation land cover analysis using images from these three satellites indicates that several different wavelengths and polarizations are required for optimal vegetation mapping (Kellndorfer, et al, 1998).  This confirms the previous analysis done with registered L, C, and X band images acquired from the SIR-C/X-SAR Space Shuttle STS-59 and STS-68 missions in 1994  (Dobson, et al, 1995).  Unfortunately, at present, no single satellite has a multiple wavelength and multi-polarization capability.  However, several upcoming missions will improve on the situation by having better polarization capability (Envisat/ASAR will have C-band multiple polarization, and ALSOS/PALSAR will have L-band multiple polarization). Only one, the Light-SAR (Heer and Link, 1998) is planned to have multiple bands and multi-polarization (L, X, and C bands).  The Light-SAR (Cohen, 1998) program is sponsored by NASA/JPL with the mission design being conducted by four study teams under the auspices of a team leader: VEXCEL.  Moreover, the Commercial Remote sensing program at the NASA Stennis Space Center has initiated the EOCAP-SAR program where potential SAR and LightSAR markets will be developed and demonstrated over a 2 to 3 year program using LightSAR data.  

E-SAR P-band airborne radar began operation in 1994 by the DLR (German Aerospace Center)  for the sole purpose of investigating the deeper penetrating capabilities of P-band remote sensing.  Because P-band is shared with many other services such as broadcast television, interference must be suppressed (Buckreuss and Horn, 1998) .  This together with ionospheric interference will make construction of P-band spacecraft SARs a challenge.

Sources of Central American Remote Sensing Data

CCAD

La Comisión Centroamericana de Ambiente y Desarrollo  [The Central American Commission on the Environment and Development (CCAD)] was created in 1989 and includes the governments of Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama (Anon, 1999).  These countries endorsed the Mesoamerican Biological Corridor concept to integrate conservation and sustainable use of the region's biodiversity into a long-term economic development framework.  NASA and CCAD established an agreement in December of 1998 which will utilize satellite and aircraft data to develop land-use maps of Central America to demonstrate the benefits of Earth science data for the Mesoamerican Biological Corridor.

NASA Centers, NASA-funded investigators and Central American researchers will develop maps classifying the land cover of the Central American isthmus according to life zones, land-use types, geological structure, hydrology, and other factors.  In addition, NASA will provide optical, radar, and topographic remote sensing data to support CCAD's environmental data systems development.  This is a 3 year program which will provide, not only the land cover classification maps, but also the underlying remote sensing data to all the CCAD countries.  A variety of satellite and aircraft data will be utilized in CCAD:

Newly Acquired Data for CCAD

Space Shuttle Mission STS-99 C-band and X-band interferometric synthetic aperture radars (IFSARs) will acquire topographic data in September 1999

which will be used to produce digital topographic map products with ±16 m absolute vertical height accuracy and a spot size of 30 m.

Aircraft Interferometric x-band SAR from Earthwatch Inc. are being acquired starting March 16, 1999 in Honduras using a Lear 36 aircraft.  About 20,000 sq. km of imagery will be acquired covering all the CCAD countries.  The schedule for completion is early June 1999.  The data will be made available through the official CCAD representatives via NASA Stennis.  The SAR & DEM data will be assimilated into 7.5’ quadrangle mosaics with 2.5 m horizontal resolution and ± 3 m vertical resolution.

Historical Data for CCAD

The following is a list of historical data being compiled for use by CCAD.


Landsat Thematic Mapper data from the NASA Landsat Data Collection. 


GOES-8 data: The latest, infrared, visible, and water vapor imagery

over Central America. 


Instituto Meteorolgico Nacional Climate change, climate and weather

data. 


Night-time City Lights of Central America - NOAA/NGDC.

· Spaceborne Imaging Radar image data from SIR-C/X-SAR at L-Band and C-Band by SIR-C, and X-Band by X-SAR.  This imaging radar system launched aboard the NASA Space Shuttle twice in 1994 (April and September) was used to make measurements of vegetation type, extent and deforestation, soil moisture content, soil erosion, desertification, and other Earth science related parameters. 

· Sample Land Cover Maps are presented from the World Conservation Monitoring Centre from 24 July 1996. Forest coverage maps for Belize, Columbia, Costa Rica, Guatemala, Honduras, Mexico, Nicaragua, Panama are available. 

· Global Production Efficiency Model produces maps of global carbon exchange and related biophysical variables. 

NASA's Marshall Space Flight Center, Huntsville AL, and Jet Propulsion Laboratory, Pasadena CA will support NASA's Earth Science Enterprise, Washington D. C., to implement the CCAD-NASA agreement.

Miembros de la CCAD (members of CCAD)
Secretario Ejecutivo de CCAD 

Mauricio Castro, 

Correo Electrónico: mcastro@sicanet.org.sv

Costa Rica

Ing. Carlos Manuel Rodríguez Echandi

Ministro

Ministerio a.i.de Ambiente y Energía - MINAE

Barrio Francisco Peralta, Edifico Vista Palace

San José, Costa Rica

Tel: (506) 257 1417, 223 2124, 233 4533

Fax: (506) 257 0697

Correo Electrónico: reneca@sol.racsa.co.cr

Oficial de Enlace:

Ing. Manfred Peters Seevers

Asesor Principal de Cooperación y 

Relaciones Internacionales

Ministerio de Ambiente y Energía

San José, Costa Rica

Tel: (506) 234-6504, 234-0973, 234-8935

Fax: (506)234-0651

Panama

Lic. Mirei Endara

Administradora General

Autoridad Nacional del Ambiente - ANAM

Areas Revertidas, Curundú, cerca del MOP

Panamá, Panamá

Tel: (507) 232 6643, 232 5939, 232 5940

Fax: (507) 232 6612

Oficial de Enlace:

Lic. Luzmila Rodríguez

Directora Nacional de Cooperación Técnica

Autoridad Nacional del Ambiente - ANAM

Areas Revertidas, Curundú, cerca del MOP

Panamá, Panamá

Tel: (507) 232 6649, 232 5939, 232 5940

Fax: (507) 232 6612

Nicaragua

Ing. Roberto Stadthagen

Ministro

Ministerio del Ambiente y de los Recursos Naturales - MARENA

Kilómetro 12.5 Carretera Norte

Managua, Nicaragua

Tel: (505) 263 1271, 263 1273

Fax:(505) 263 1274

Oficial de Enlace:

Lic. Mario Torres

Analista de Cooperación Externa,

División de Relaciones Exteriores

Kilómetro 12.5 Carretera Norte

Managua, Nicaragua

Tel: (505) 263 1271, 263 1273

Fax:(505) 263 1274

Correo Electrónico: marendri@sdnnic.org.ni
El Salvador

Lic. Miguel Eduardo Araujo Padilla

Ministro

Ministerio de Medio Ambiente y Recursos Naturales - MARN

y Presidente de la CCAD

Alameda Roosevelt y 55 Avenida Norte, Edifico Torre El Salvador

Nivel 2 y 3

San Salvador, El Salvador

Tels. (503) 260 8900, 260 8875, 260 8876

Fax: (503) 260 3092, 260 3117

Oficial de Enlace:

Lic. César Funes Abrego 

Ministerio de Medio Ambiente y Recursos Naturales - MARN

Alameda Roosevelt y 55 Avenida Norte, Edifico Torre El Salvador

Nivel 2 y 3

San Salvador, El Salvador

Tels. (503) 260 8900, 260 8875, 260 8876

Fax: (503) 260 3092, 260 3117

Correo Electrónico: maraujo@marn.gob.sv
Honduras

Ing. Elvin Ernesto Santos Lozano.

Secretario en el Desapcho de Recursos Naturales y Ambiente

Secretaría de Estado en el Desapcho de Recursos Naturales y Ambiente

Boulevard Miraflores

Tegucigalpa, Honduras, MDC

Tel: (504) 232 1861, 232 1386

Fax: (504) 232 6250

Oficial de Enlace:

Lic. Caronte Rojas Zavala

Director de Cooperación Externa

Secretaría de Recursos Naturales y Ambiente

Avenida Lempira, Calle La Fuente, Edificio Medina 15-0

Antiguo Edificio HONDUTEL

Tel: (504) 232 0614, 232 8303

Fax: (504) 232 6250

Guatemala

Doctor en Medio Ambiente Adrián Juárez

Coordinador

Comisión Nacional del Medio Ambiente - CONAMA

7a. Av. 7-09 Zona 13

Tels. (502) 440-7916, 440-7917, 440-7921 y 440-7948

Fax: (502) 440-7938

Correo Electrónico: juarezgu@infovia.com.gt 

Oficial de Enlace:

Dr. Juan de Dios Calle Schlesinger

Sub-Coordinador

Comisiónn Nacional del Medio Ambiente - CONAMA

7a. Av. 7-09 Zona 13

Tels. (502) 440-7916, 440-7917, 440-7921 y 440-7948

Fax: (502) 440-7938

Correo Electrónico: conama@ns.concyt.gob.gt
Belize

Honorable John Briceño

Deputy Prime Minister

Ministerio de Recursos Naturales y el Ambiente

Market Square

Belmopan, Belize

Tel: (501 8) 23-286, 22-630

Fax: (501 8) 22 333

Oficial de Enlace:

Lic. Ismael Fabro

Chief Environmental Officer

Department of the Environment

East Block, Belmopán, Belize

Tel: (501 8) 22 816, 22 542

Fax: (501 8) 22 862

Correo Electrónico: envirodept@btl.net

NASA's Earth Observing System 

The Earth Observing System (EOS), the centerpiece of NASA's Earth science program, is a suite of spacecraft and interdisciplinary science investigations dedicated to advancing our understanding of global change. 

The flagship EOS satellite, Terra (formerly EOS AM-1), scheduled for launch in July 1999, will provide key measurements of the physical and radiative properties of clouds; air-land and air-sea exchanges of energy, carbon, and water; trace gases; and volcanoes.  Flying in formation with Terra, Landsat 7 will make global high spatial resolution measurements of land surface and surrounding coastal regions. 

Other upcoming EOS missions and instruments include QuikSCAT, to collect sea surface wind data; the Stratospheric Gas and Aerosol Experiment (SAGE III),  to create global profiles of key atmospheric gases; and the Active Cavity Radiometer Irradiance Monitors (ACRIM) to measure the energy output of the Sun.  The second of the major, multi-instrument EOS platforms, PM-1, is scheduled for launch in 2000. 

The EOS program has been managed since 1990 by the Goddard Space Flight Center in Greenbelt, Md., for NASA's Office of Earth Science in Washington,

D. C. Additional information on the program can be found on the EOS Project Science Office Web site (http://eospso.gsfc.nasa.gov). 

Landsat - 7 

NASA launched the first satellite in the Landsat series (originally called the Earth Resources Technology Satellites) on July 23, 1972. The program was given the name Landsat in 1975.  Landsat 5 was launched in March 1984 and is still returning images.  Landsat 6, which was destroyed after launch in October 1993 when the rocket's upper stage failed to fire.

Landsat 7, is scheduled for launch in April, 1999.  It will be the latest in a series of earth observation satellites dating back to 1972.   Following an initial 60-70 day checkout period, Landsat 7 will begin normal operations.  NASA will continue to manage day-to-day operations until October 2000, when they will be turned over to United States Geological Survey (USGS). 

The earth observing instrument on Landsat 7, the Enhanced Thematic Mapper Plus (ETM+), replicates the capabilities of the highly successful Thematic Mapper instruments on Landsats 4 and 5.  The ETM+ also includes new features that make it a more versatile and efficient instrument: 

Landsat 7 and ETM+ Characteristics:

Band Number
Spectral Range(microns)
Ground Resolution(m)

           1
0.45 to 0.515
30

           2
0.525 to 0.605
30

           3
0.63 to 0.690
30

           4
0.75 to 0.90
30

           5
1.55 to 1.75
30

           6
10.40 to 12.5
60

           7
2.09 to 2.35
30

Panchromatic
0.52 to 0.90
15

Image swath width:
185 kilometers

Repeat coverage interval:
16 days (233 orbits)

Altitude:
705 kilometers

Quantization:
Best 8 of 9 bits

On-board data storage:
~375 Gb (solid state)

Inclination:
Sun-synchronous, 98.2 degrees

Equatorial crossing:
Descending node; 10:00am  ± 15 min.

Landsat-7 will update a complete global view of the Earth's land surfaces seasonally or approximately four times per year.  Landsat 7 will capture and transmit approximately 250 full scenes per day to the primary U.S. receiving station at the EROS Data Center (EDC) near Sioux Falls.

All Landsat 7 data received at the EDC receiving station will be archived and will be sold at cost.  Browse data (a lower resolution image for determining image location, quality and information content) and metadata (descriptive information on the image) will be available, on-line, to users within 24 hours of acquisition of the image by the primary ground station.  EDC will process all Landsat 7 data received to "Level 0R" ( i.e. corrected for scan direction and band alignment but without radiometric or geometric correction) and archive the data in that format.  A systematically corrected product (Level 1G) will be generated and distributed to users on request. 

Approximately 90 days after the satellite is launched, minimally processed Level Zero R full-scene digital products, covering 115 x 105 miles (185 x 170 km),  will be available from the EDC at $475 each.  Current plans call for full scenes that have been corrected for sensor effects and spacecraft geometry (Level One processing) to become available in limited quantities within a year after launch, at a price not to exceed $600 each. 

EO-1

The EO-1 Mission (anon, EO-1, 1998) is managed by the NASA Goddard Spaceflight Center and will be launched in December 1999.   EO-1 will fly in a 705 km circular, sun-synchronous orbit at a 98.7 degree inclination. This orbit allows EO-1 to match within one minute, the Landsat-7 orbit and collect identical images for later comparison on the ground.   Once or twice a day, sometimes more often, both Landsat-7 and EO-1 will image the same ground areas (scenes).

There are 3 instruments on EO-1:  Hyperion, Atmospheric Corrector, and the Advanced Land Imager (ALI). The Hyperion provides a high resolution hyperspectral images with 220 spectral bands (from 0.4 to 2.5 µm) and 30 meter resolution.  The instrument can image a 7.5 km by 100 km land area per image.

The Atmospheric Corrector (AC) provides spectral coverage of .85-1.5 um.   Correction of surface imagery for atmospheric variability (primarily water vapor) is accomplished using the Atmospheric Corrector instrument measurements of actual rather than modeled absorption values which more precise predictive models to be constructed for remote sensing applications. 

The spectral bands of the pushbroom ALI have been designed to mimic six Landsat bands with three additional bands covering 0.433-0.453, 0.845-0.890, and 1.20-1.30 µm. The ALI also contains wide-angle optics designed to provide a continuous 15° x 1.625° field of view with 30-meter resolution for the multispectral pixels and 10 meter resolution for the panchromatic pixels. 

VCL: The Vegetation Canopy Lidar Mission

The principal goal of the VCL mission is the characterization of the  three-dimensional structure of the Earth's surface.  In particular the vegetation canopy height and the ground surface will be mapped at resolutions of less than 1 meter in elevation with a footprint (pixel) diameter of 25 m.  Launch is scheduled for February 2000 with a 2 year lifetime on orbit.  A ND:YAG laser operating at 1064 nm is used with images swath width of 8 km.  The orbit is at 410 km altitude and 65° inclination. 

Terra

The Terra (EOS AM-1) platform will fly in a near-polar, sun-synchronous orbit so that it descends across the equator at 10:30 a.m. when daily cloud cover over the land is minimal. It will be followed by its PM counterpart in the year 2000; however, EOS-PM will fly in an ascending orbit with a 1:30 p.m. equatorial crossing time to represent the diurnal variability.  

The science priorities of EOS are to provide global observations and scientific understanding of:  

Land cover change and global productivity—including trends and patterns of change in regional land cover, biodiversity, and global primary productivity;  Seasonal-to-interannual climate predictions that improve forecasts of the timing and geographical extent of transient climate anomalies;  Natural hazards—including disaster characterization and risk reduction from wildfires, volcanoes, floods, and droughts;  Long-term climate variability, to help scientists identify the mechanisms and factors that determine long-term climate variation and trends, including human impacts; and  Atmospheric ozone, to help scientists detect changes, causes, and consequences of changes in atmospheric ozone.  

EOS AM-1 is designed to house five instruments for simultaneous geolocated measurements and for intercomparison of the new measurement techniques. The five instruments are: ASTER, CERES, MISR, MODIS, and MOPITT.

ASTER

ASTER will obtain high resolution images of the Earth in the visible, near-infrared (VNIR), shortwave-infrared (SWIR), and thermal infrared (TIR) regions of the spectrum.  ASTER is a cooperative effort between NASA and Japan's Ministry of International Trade and Industry (MITI).

The VNIR subsystem, consists of two telescopes—one that looks backward (along track) and one that looks at nadir to produce same-orbit stereo images.  ASTER is the highest spatial resolution instrument on the EOS AM-1 spacecraft, and the only one that does not acquire data continuously. ASTER data products include:  

ASTER Spectral range

resolution
# bands 
Swath Width

0.5 - 0.9 micrometers

15 m

3 

60 km

1.6 - 2.5 micrometers

30 m

6 

60 km

8-12 micrometers


90 m

5 

60 km

CERES

CERES consists of two broadband scanning radiometers that will measure the Earth's radiation balance and provide cloud property estimates to assess their role in radiative fluxes from the surface to the top of the atmosphere.  

Each CERES instrument has three channels—a short-wave channel for measuring reflected sunlight, a longwave channel for measuring Earth-emitted thermal radiation in the 8 - 12 µm "window" region, and a total channel for total radiation.

MISR

MISR will view the Earth with cameras pointed at nine different angles. One camera points toward nadir, and the others provide forward and aftward view angles, at the Earth's surface, of 26.1°, 45.6°, 60.0°, and 70.5°. As the instrument flies overhead, each region of the Earth's surface is successively imaged by all nine cameras in each of four wavelengths (blue, green, red, and near-infrared).  

MISR Instrument Characteristics 

Swath width 360 km 

Spectral bands 446, 558, 672, 866 nm 

Cross-track pixel size 275 m off-nadir, 250 m nadir 

MODIS

MODIS will view the entire surface of the Earth every 1-2 days, making observations in 36 co-registered spectral bands, at moderate spatial resolution (0.25 - 1 km), of land and ocean surface temperature, primary productivity, land surface cover, clouds, aerosols, water vapor, temperature profiles, and fires.  

MODIS is a whisk broom scanning imaging radiometer with a viewing swath width of 2330 km and will provide high-radiometric resolution images of daylight-reflected solar radiation and day/night thermal emissions over all regions of the globe.  The broad spectral coverage of the instrument 

(0.4 - 14.4 µm) is divided into 36 bands of various bandwidths.  

MODIS Instrument Characteristics Spectral range 0.4-14.4 µm Spectral coverage ± 55°, 2330 km swath (contiguous scans at nadir at equator) Spatial resolution 

250 m (2 bands), 

500 m (5 bands), 

1000 m (29 bands) 

MOPITT

MOPITT is an instrument designed to enhance our knowledge of the lower atmosphere and to particularly observe how it interacts with the land and ocean biospheres. Its specific focus is on the distribution, transport, sources, and sinks of carbon monoxide and methane in the troposphere.  

MOPITT is a scanning radiometer employing gas correlation spectroscopy to measure upwelling and reflected infrared radiance in three absorption bands of carbon monoxide and methane. The instrument modulates sample gas density by changing the length or the pressure of the gas sample in the optical path of the instrument. MOPITT has a spatial resolution of 22 km at nadir and a swath width of 640 km.  

MOPITT Instrument Characteristics 

Spectral bands 2.3 (CH4), 2.4 (CO), and 4.7 µm (CO) 

Swath 640 km 

Spatial resolution 22 km 

Future Earth Observation Satellites

As shown in the following table there are many remote sensing satellite systems which are expected to be launched in the near future.  Many of the new systems are being commercially built and will provide imagery with very high spatial resolution (1 to 5 meters).  Unfortunately, several of these have been expected to be launched each year since 1996.  With each passing year it becomes less likely that all these systems will be successfully developed and launched.  However, if even one of these systems is successfully launched and the imagery made available at low cost, this will be a major milestone in remote sensing.  Examples of these satellites are: IKONOS, QuickBird, and OrbView.  Based on past track records the satellites most likely to meet the expected launch date within a few months of the launch date are: EOS AM-1 (TERRA), Landsat-7, NOAA-L, Envisat-1, IRS-P5, LightSAR, VCL, and STS-99.

	Earth Observation Satellites: Future

	
	
	
	
	
	
	

	The following table includes those satellites which are proposed for future launch. It is limited to sensors which are primarily intended for remote sensing of the Earth surface.

	Satellite
	Source
	Expected
	Sensors
	Types
	No. of
	Resolution

	Name
	
	Launch
	
	
	Channels
	(meters)

	IKONOS
	Space Imaging / EOSAT
	Jun-99
	Kodak
	Multispectral
	4
	4

	
	
	
	
	Panchromatic
	1
	1

	
	
	
	CCD
	Multispectral
	5
	20

	CBERS
	China/Brazil
	1999
	IRMSS
	Multispectral
	3
	80

	
	
	
	
	
	1
	160

	
	
	
	ASTER
	Multispectral
	14
	15,30,90

	EOS AM-1
	US
	July 1999
	MISR
	Multispectral
	4
	275

	(Terra)
	
	
	MODIS
	Multispectral
	36
	250-1000

	QuickBird 1
	EarthWatch Inc.
	late 1999
	Multispectral
	Multispectral
	4
	4

	
	
	
	Panchromatic
	Panchromatic
	1
	0.8

	EROS-A
	West Indian Space, Ltd.
	1999
	El-Opt
	Panchromatic
	1
	1.5

	EROS-B1
	West Indian Space, Ltd.
	2001
	El-Opt
	Panchromatic
	1
	0.82

	IKONOS 2
	Space Imaging
	?
	Kodak
	Multispectral
	4
	4

	
	
	
	
	Panchromatic
	1
	1

	
	
	
	
	Multispectral
	6
	30

	Landsat -7
	US
	Apr. 15
	ETM+
	
	1
	60

	
	
	1999
	
	Panchromatic
	1
	15

	NOAA-L
	US
	1999
	AVHRR
	Multispectral
	5
	1100

	OrbView-3
	Orbimage
	1999
	OrbView
	Multispectral
	4
	4

	
	
	
	
	Panchromatic
	1
	1

	ADEOS-II
	Japan
	Feb. 99
	GLI
	Multispectral
	34
	250-1000

	
	
	
	
	Panchromatic
	1
	10

	EO-1
	US
	Dec.1999
	ALI
	Multispectral
	6
	30

	
	
	
	
	Hyperspectral
	542
	30

	
	
	
	LAC & X band
	Multispectral
	1
	250

	Envisat-1
	ESA
	May 2000
	ASAR
	Radar
	1
	30, 150

	
	
	
	MERIS
	Multispectral
	15
	300 & 1,200

	IRS-P5
	India/US
	1999
	Pan
	Panchromatic
	1
	2.5

	
	
	
	KVR-1000
	Panchromatic
	
	2

	SPIN-2
	Russia
	1999-2000
	
	Photography
	1
	

	
	
	[various]
	TK-350
	Panchromatic
	
	10

	
	
	
	
	Photography
	1
	

	Resource21-
	Resource21
	2000
	Multispectral
	Multispectral
	5
	10, 20

	A, B, C, D
	
	
	Cirrus
	Multispectral
	1
	100+

	LightSAR
	US
	2000
	SAR
	Radar
	4
	3-100

	EOS PM-1
	US
	Dec. 2000
	MODIS
	Multispectral
	36
	250-1000

	OrbView-4
	Orbimage
	2000
	OrbView-4
	Hyperspectral
	280
	4

	ARIES
	Australia
	2002
	ARIES-1
	Panchromatic
	1
	12

	
	
	
	
	Hyperspectral
	105
	30

	NEMO
	US
	2000
	HRST/COIS
	Hyperspectral
	210
	30

	
	
	
	PIC
	Panchromatic
	1
	5

	IRS-P6
	India/US
	June 2000
	LISS IV
	Multispectral
	7
	6, 23.5

	
	
	
	AWiFS
	Multispectral
	3
	80

	NOAA-M
	US
	Apr 2001
	AVHRR
	Multispectral
	5
	1100

	XSTAR
	France/Great Britain
	2001
	XSTAR
	Multispectral
	10+
	20

	
	
	
	
	Multispectral
	3
	10

	SPOT-5
	France
	2002
	HRV
	
	1
	20

	
	
	
	
	Panchromatic
	1
	5

	
	
	
	VI
	Multispectral
	4
	1150

	
	
	
	PALSAR
	L-band
	1
	10

	ALOS
	Japan
	2003
	AVNIR-2
	Multispectral
	4
	10

	
	
	
	PRISM
	Panchromatic
	1
	2.5

	
	
	
	LATI
	Multispectral
	
	

	EOS AM-2
	US
	2004
	AMISR
	Multispectral
	
	

	
	
	
	AMODIS
	Multispectral
	
	

	QuickBird 2
	EarthWatch Inc.
	late 2000
	Multispectral
	Multispectral
	4
	4

	
	
	
	Panchromatic
	Panchromatic
	1
	0.8

	VCL
	US
	2000
	Laser
	Laser
	1
	25

	Space Shuttle
	US
	Sept. 1999
	SIR-C
	C-band Altimeter
	1
	20

	STS-99
	
	
	X-SAR
	X-band Alt.
	1
	20
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