
301

Satellite System (JPSS). Suomi NPP and JPSS satellites 
carry five instruments to provide many measurements, 
including ocean productivity, sea temperature, ice motion, 
cloud properties, ozone, and atmosphere profiles. Soil mois-
ture and ocean salinity are measured with NASA’s Soil 
Moisture Active Passive (SMAP) and ESA’s Soil Moisture 
Ocean Salinity (SMOS) satellites. Although not remote 
sensing satellites, NASA’s Gravity Recovery and Climate 
Experiment (GRACE) and ESA’s Gravity Field and Steady-
State Ocean Circulation Explorer (GOCE) missions made 
remarkable discoveries about deep ocean currents and 
groundwater depletion until their decommission in 2017 
and 2013, respectively. Follow-on twin GRACE-FO satel-
lites were operational in 2019.

The Tropical Rainfall Measuring Mission (TRMM) col-
lected precipitation data between 35°N and 35°S latitude 
for 17 years (1997 to 2015) and was replaced by the Global 
Precipitation Measurement (GPM) Mission. TRMM and 
GPM are joint missions between NASA and the Japanese 
space agency JAXA. Ocean wind measurements use radar 
instruments onboard the International Space Station’s 
RapidSCAT; Defense Meteorological Satellite Program 
(DMSP) polar-orbiting satellites; and the European Orga-
nization for the Exploitation of  Meteorological Satellites 
(EUMETSAT) MetOP-A, MetOp-B, and MetOp-C satel-
lites. The Multi-angle Imaging SpectroRadiometer (MISR) 
instrument maps sea ice from the Terra platform, which also 
carries ASTER and MODIS.

ICESat-2 carries the Advanced Topographic Laser Altim-
eter System (ATLAS) that measures the travel times of  laser 
pulses to calculate the distance between the spacecraft and 
Earth’s surface (described in Chapter 16). Sentinel-3 is focused 

R emote sensing is a valuable source of  environmen-
tal information about the Earth’s atmosphere, continents, 
oceans, and biosphere. In 1960, the United States launched 
the first unmanned satellites for environmental and meteo-
rological monitoring. These early satellites carried minia-
ture television cameras that produced low resolution, visible 
band images of  cloud patterns for meteorological use. All 
wavelength regions of  the electromagnetic spectrum, from 
ultraviolet (UV) through microwave, are useful. Chapter 4 
included descriptions of  low spatial resolution satellites 
(GOES, MODIS, AIRS, DMSP, and AVHRR) that were 
designed for global environmental applications, including 
meteorology and oceanography. Several more low spatial 
resolution satellites have been deployed by different coun-
tries and agencies for specific environmental applications. 
Table 11-1 lists select environmental satellites with their 
instruments. Some of  the characteristics and applications for 
the instruments are provided in Table 11-2. Acronyms are 
used in the tables, however, formal names are also included 
in the text. These two tables can serve as references for more 
information regarding the satellites and instruments dis-
cussed throughout the chapter.

EnvironmEntal SatEllitES

NOAA’s operational weather satellite system is composed 
of  two types of  satellites: geostationary operational environ-
mental satellites (GOES) for short-range warning (1 day) 
and polar orbiting for longer-term forecasting (3 to 7 days). 
The polar-orbiting system includes the Suomi National 
Polar-orbiting Partnership (Suomi NPP) and the Joint Polar 
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and storm surges. Wetlands also absorb pollutants, prevent-
ing toxic elements from flowing downstream or percolating 
underground. Along parts of  Lake Erie, for instance, there 
are no longer enough wetlands to filter agricultural runoff. 
Nitrogen and phosphorous now flow into the lake and pro-
duce toxic algal blooms that can cover up to 300 square miles 
(NASA Sensing Our Planet, 2016) (Digital Image 3-2 ).

The Michigan Tech Research Institute studies wetlands 
in the Great Lakes region of  the northern United States 
(Bourgeau-Chavez and others, 2015). The prime focus of  
the Michigan Tech remote sensing study is to map wetland 
ecosystem types (such as emergent wetland and forested 
wetland), and differentiate peatlands (fens and bogs) from 
other wetland vegetation types. The study delineates wetland 
monocultures such as the invasive Phragmites, a type of  reed 
that blocks sunlight, forces out native plants, and prevents 
birds from navigating due to its ability to produce thick and 
tall stands (Figure 11-20).

Bourgeau-Chavez and her team used Landsat and ALOS 
PALSAR radar imagery to identify differences between land 
and water, as well as different types of  vegetation. Surface 
temperature data from Landsat helped distinguish wet-
lands from topographically higher and drier ground. They 
employed the PALSAR L-band to detect flooding beneath 
a vegetation canopy, monitor water levels and soil moisture, 
and record biomass and vegetation structure characteristics. 
HH polarization images can detect large stands of  Phragmites, 
as this dense and tall vegetation type (up to 5 m high) (Figure 

Droughts caused by ENSO (El Niño–Southern Oscillation) 
during the five years of  measurement are the accepted cause 
for the high variability in northeast Brazil (Gutman and 
others, 1995).

Global FirES

Before AVHRR and MODIS, scientists had no way of  
mapping the global distribution of  fire. The United States, 
Canada, and some countries in Europe had fairly robust fire 
monitoring systems that utilized ground-based networks of  
fire towers and aircraft surveillance, but large portions of  
the world had little or no monitoring capability. Even in the 
United States, there were huge gaps in remote parts of  the 
West and throughout much of  Alaska (NASA, 2011). The 
launch of  the first MODIS instrument in 1999 on Terra and 
a second in 2002 on Aqua represent a major technological 
leap forward. MODIS is specifically designed to detect fire’s 
thermal signature with four bands that are sensitive to fires. 
Two are located in the infrared portion of  the electromag-
netic spectrum at 4 and 11 µm with thresholds at 500 and 
400°K, respectively, and can be used to monitor fires day and 
night. The other two are located at 1.6 and 2.1 µm for night-
time fire detection (NASA Earth Observatory, 1998).

Striking patterns have emerged from the MODIS data. 
“It’s not an exaggeration to call Earth the fire planet,” says 
Chris Justice of  the University of  Maryland, College Park, 
a scientist who leads NASA’s effort to use MODIS data 
to study the world’s fires. “On an average day in August, 
MODIS typically detects some 10,000 actively burning fires 
around the world.” A full 30% of  the land surface is affected 
by fire. And during any given year, MODIS has shown about 
3% of  the world’s land surface has clear burn scars visible to 
the satellites (NASA Scientific Visualization Studio, 2011).

One of  the most noticeable patterns to emerge is the 
sheer abundance of  burning that occurs in Africa. Digital 
Image 11-6  shows fires across Africa in July 2011 as 
observed by MODIS and displayed on a virtual 3-D globe. 
MODIS has demonstrated that some 70% of  the world’s fires 
occur in Africa, and more than 50% of  the total area burned 
in the last two decades has occurred on that continent, due 
largely to the extensive burning of  savanna grasslands dur-
ing the dry season. During a fairly average burning season 
from July through September 2006, the visualizations show 
a huge outbreak of  savanna fires in Central Africa driven 
mainly by agricultural activities, but also driven by lightning 
strikes (NASA Scientific Visualization Studio, 2011). NASA 
supports a wide range of  fire-related research to advance 
understanding about Earth’s climate system, air quality, 
ecosystem health, and the global carbon cycle.

WEtlandS

Wetlands are places where land is permanently or seasonally 
saturated with water, forming a distinct ecosystem that is both 
aquatic and land based. Wetland plants trap sediment, which 
stabilizes shorelines. They provide a buffer against waves 

Figure 11-20 Phragmites, a species of common reed, can 
domi nate wetlands. Photo by E. Banda (NASA Sensing Our 

Planet, 2016).
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areas such as the Horn of  Africa, South America, and poten-
tially India and Central Asia.

Monitoring soil moisture in the root zone allows the 
onset of  drought to be detected and provides information on 
the water available to plants, which is particularly relevant 
for semiarid regions. Water shortages can then be predicted 
several weeks before vegetation is likely to suffer. Root-zone 
soil water products have already been used in drought moni-
toring systems developed by the International Hydrological 
Programme and Princeton University.

Plate 36 is a SMOS root-zone soil moisture map of  
the globe for April 2, 2012. The color legend correlates to 
soil moisture in m3 of  water per m3 of  soil. Saturated soils 
have a value of  1 (dark green) and dry soils have a value of  
0 (orange). North Africa, western North America, southern 
Europe, and southeast England have very low soil moisture. 
The satellite-based measurement is confirmed by reports of  
drought conditions in these areas.

animal CoUntinG

Anaho Island National Wildlife Refuge (NWR) in Nevada 
was established in 1913 to provide a secure nesting area for 
colonial waterbirds. It supports one of  the largest American 
white pelican nesting colonies in the western United States 
(Figure 11-21). On average, 10,000 pelicans return to Anaho 
Island each spring for the nesting season. Management 
objectives for this refuge include monitoring the breeding 
populations of  the various colonial nesting species, as they 
are vulnerable to multiple factors (e.g., predation, weather 
events, disease, lack of  sufficient forage, human disturbance) 
that can influence their productivity and survival (USGS 
NUPO, 2017).

Monitoring of  the waterbird nesting population is essen-
tial to detect and evaluate changes in waterbird distribution 
and abundance at Anaho Island NWR. The USGS, in coor-
dination with the US Fish and Wildlife Service, Humboldt 
State University, and the Pyramid Lake Paiute Tribe, are 
evaluating various techniques of  obtaining population data 
to select the best method for estimating population sizes 
at the refuge. These colonial nesting birds are sensitive to 
human disturbance and will abandon their nests if  appro-

11-20) has enough biomass to strongly reflect the L-band 
wavelength (~24 cm) in comparison to other vegetation 
types. Field data and interpretation of  aerial photographs 
supported the satellite remote sensing study.

Landsat and PALSAR imagery were acquired during 
spring, summer, and fall from 2007 through 2011 to cap-
ture wetlands in different stages of  flooding and to improve 
mapping of  vegetation, as different stages of  plant growth 
(phenology) can be associated with unique and diagnos-
tic spectral and SAR backscatter characteristics (Plate 35). 
The optical and SAR data were fused into one digital data 
set and spectrally classified using a machine learning algo-
rithm, Random Forests. The fused optical and SAR imagery 
improve the accuracy of  wetlands mapping. Across the top 
of  Plate 35, Landsat TM color images (bands 5-3-2 as RGB) 
from spring, summer, and fall as well as a color Landsat ther-
mal image generated from a spring, summer, and fall ther-
mal band (as RGB) are displayed. The PALSAR images in 
the lower left of  Plate 35 are color composites of  the HH and 
HV polarized images acquired in spring, summer, and fall. 
The supervised classification of  the fused Landsat and PAL-
SAR images generated 18 land cover and wetlands classes. 
The map that was generated from the classification (Plate 
35G) clearly identifies the invasive Phragmites.

The PALSAR Spring HH band (Plate 35E), which is sen-
sitive to moisture/inundation, along with the Spring Landsat 
TM NDVI (Plate 35A) and TIR band (Plate 35D), are partic-
ularly important to the accuracy of  the land cover classifica-
tion map (Plate 35G). The importance of  these three images 
is consistent across areas of  interest with large regions of  
wetland cover (Bourgeau-Chavez and others, 2015). The 
overall accuracy of  the coastal Great Lakes maps is 94%.

Soil moiStUrE

NASA’s SMAP and ESA’s SMOS satellites measure soil 
moisture (and salinity, as discussed earlier) by detecting faint 
microwave emissions from the Earth’s surface. SMAP was 
launched in 2015 and SMOS in 2009. The satellites measure 
the amount of  water in the top 5 cm of  soil everywhere on 
Earth. The variability in soil moisture is mainly governed 
by different rates of  evaporation and precipitation. The 
importance of  estimating soil moisture in the root zone is 
paramount for improving short- and medium-term meteo-
rological modeling, hydrological modeling, the monitoring 
of  plant growth, as well as contributing to the forecasting of  
hazardous events such as floods. The SMOS instrument can 
measure as little as 4% moisture in soil.

The Center for the Study of  the Biosphere from Space 
(2017) notes that with a growing world population, the issue 
of  food security is of  global concern. Agricultural manage-
ment and global food security can be more effective if  crop 
yield is estimated accurately. Root-zone soil moisture data 
are now being used by the US Department of  Agriculture in 
their crop-yield forecasting system. The impact of  SMOS is 
especially significant over data-poor areas of  the world that 
are prone to food insecurity and famine, such as southern 
Africa. It is also expected to have a positive effect in other 

Figure 11-21 American white pelican at the Anaho Island 
NWR. From USGS NUPO (2017).



Plate 36 (Chapter 11) SMOS global soil moisture map for April 2, 2012. From the Center for the Study of the Biosphere from Space. 
2017. SMOS Global Drought Monitor. SMOS Blog. http://www.cesbio.ups-tlse.fr/SMOS_blog/?page_id=2589 (accessed January 2018).

Plate 35 (Chapter 11) Landsat and PALSAR imagery used to map land cover and wetlands types. HH and HV indicate polarization 
of PALSAR imagery. Land cover map from fused Landsat and PALSAR images. From L. Bourgeau-Chavez, S. Endres, M. Battaglia, 
M. E. Miller, E. Banda, Z. Laubach, P. Higman, P. Chow-Fraser, and J. Marcaccio. 2015. Development of a bi-national Great Lakes coastal 
wetland and land use map using three season PALSAR and Landsat imagery. Remote Sensing, 7, 8,655–8,682 
(http://creativecommons.org/licenses/by/4.0).
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