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Despite the Global Positioning System (GPS) being 
well known, few are aware of an alternative use of its 
signals. Aside from providing directions to the nearest 
café or restaurant, GPS can revolutionize remote sensing, 
serving as a tool to predict natural disasters and combat 
climate change.

GPS is a tool for remote sensing. At its core, remote 
sensing is communication through electromagnetism. 
It relies on two things: a transmitter and a receiver. A 
satellite’s transmitter will encode a message through 
various bands of electromagnetic frequencies using 
modulation, changing data into waves [1]. A receiver will 
then pick those up and transform the waves back into 
analytical data. Depending on factors like distance apart, 
size of antennas, types of electromagnetic transmission, 
bandwidth, or limiting power, different kinds of data can 
be measured and transmitted.

At present, GPS consists of a network of 31 broadcasting 
satellites orbiting Earth at an altitude of around 20,000 
km. While normal radar satellites have both their receiver 
and transmitters on the satellites, GPS has receivers 
on the ground, listening and interpreting microwave 
satellite transmission [1]. This means that at any point 
on the Earth’s surface, you are in the range of at least 
four satellites tracking the intersection of three physical 
dimensions, along with time, through trilateration. In 
an everyday example, your phone is the receiver to those 
four satellites’ transmitters to pinpoint your real-time 
location on Earth. 

But what makes GPS an ideal tool to revolutionize 
remote sensing? After all, GPS is just a type of microwave 
radar system with a different scattering geometry than 
other systems, and microwave radar has been used for 
years to detect changes in Earth’s surface. 

GPS reflectometry is one of the three techniques that 
have untapped potential for studying and combating 
climate change [2]. The two others are occultation, which 
measures the vertical gradient of the atmospheric index, 
and scatterometry, which scatters signals over targets 
like water to measure wind properties [3][4]. GPS signals 
are circularly polarized L-band signals (1-2 GHz range, at 
19 or 24 cm specifically for GPS), which means they are 

unaffected by cloud cover and sunlight, thus making 
it easier to measure strong versus weak signals from 
surfaces with large changes in dielectric constants, such 
as wet soil or sea ice [5]. This system allows researchers 
to measure changes in the frequency, amplitude, or phase 
of the interference pattern of a reflected surface to draw 
observations and collect pinpointed data quickly.

But rather than just having satellites track climate 
change, satellites may contribute to “solving” climate 
change through the bidirectional reflectance distribution 
function (BRDF). The BRDF

fr (wi , wr )
determines a surface’s reflected energy in terms of 
incoming and reflected radiance [6]. Using the measured 
BRDFs of a known surface, BRDF can be applied to a much 
larger scope to image a larger surface, such as Earth. By 
adding more variables to the BRDF, we can potentially 
evaluate the parameters of a climate change model, i.e. 
with a multivariable function

fr(wi , wr , T, Vw , Vc , Ms )
where T represents temperature, Vw represents wind 
speed, Vc represents water current speed, Ms represents 
soil moisture, etc.

GPS signals can provide the necessary information, in 
the form of microwaves, to model such a function. As a 
pioneering technique, GPS reflectometry is a promising 
approach to measuring and modeling hydrologic 
effects, such as icebergs or Arctic sea ice [6]. As a tool 
to combat climate change, these satellites give us an 
overhead and underwater view to make models, find 
melt rates, and potentially find ways to offset rising sea 
levels in the long run. While normal radar satellites have 
difficulty measuring ice thickness, GPS signals have long 
wavelengths to penetrate that canopy. If we can also 
measure the levels of greenhouse gases in the atmosphere, 
we could evaluate the correlation of greenhouse gases 
with the rate of sea ice melting and develop predictability 
models using the multivariable BRDF to mimic both 
short-term and long-term climate changes.

Although several other remote sensing techniques 
and instruments can retrieve the same information, the 
GPS reflection technique is cost-effective. GPS recycles 
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signals that already exist in the ionosphere, so there is 
no need for additional satellites or expensive microwave 
transmitters, such as the passive radiometers and active 
radars that NASA and CERN have been launching. For 
example, NASA’s eight-satellite CYGNSS constellation 
cost $152 million to study Earth’s hydrology, while 
CERN’s two-satellite Sentinel 1 constellation cost $385 
million for the same purpose [8][9]. 

GPS reflectometry may be an avenue to revolutionize 
future satellite missions, as this technique is relatively 
cheap and can provide data complementary to existing 
data, filling gaps in our knowledge on select aspects. 
Launching constellations of GPS instruments would be 
interesting, as GPS constellations have a high temporal 
resolution or temporal repeat period. With multiple 
satellites collecting data over a location at the same time, 
frequently updated data are readily available, making 
the creation of both predictability models and near-real-
time spatial resolution maps easier. This means people in 
affected communities can have more time to evacuate in 
times of disaster as forecasting is more accurate. As more 
and more research is being done into GPS reflectometry, 
finding alternatives to dealing with climate change may 
be less of a distant dream and more of an innovative 
reality.
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