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 
Abstract—Air pollution is a serious environmental threat on a 

global scale and can cause harm to human health, morbidity and 
premature mortality. Reliable monitoring and control systems are 
therefore necessary to develop coping skills against the hazards 
associated with this phenomenon. However, existing environmental 
monitoring means often do not provide a sufficient response due to 
practical and technical limitations. Commercial microwave links that 
form the infrastructure for transmitting data between cell phone 
towers can be harnessed to map rain at high tempo-spatial resolution. 
Rainfall causes a decrease in the signal strength received by these 
wireless communication links allowing it to be used as a built-in 
sensor network to map the phenomenon. In this study, we point to the 
potential that lies in this system to indirectly monitor areas where air 
pollution is reduced. The relationship between pollutant wash-off and 
rainfall provides an opportunity to acquire important spatial 
information about air quality using existing cell-phone tower signals. 
Since the density of microwave communication networks is high 
relative to any dedicated sensor arrays, it could be possible to rely on 
this available observation tool for studying precipitation scavenging 
on air pollutants, for model needs and more.  
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I. INTRODUCTION 

IR pollution, as compared to other environmental 
hazards, requires special focus. This phenomenon may 

lead to respiratory and cardiovascular diseases including lung 
cancer, asthma and heart stroke. According to the World 
Health Organization, for example, in 2012, approximately 3 
million premature deaths were attributable to ambient air 
pollution globally [1]. Therefore, effective use of air pollution 
monitoring and mitigation resources is crucial to developing 
the capabilities required to cope with the dangers associated 
with this phenomenon. However, existing tools for air quality 
monitoring are often plagued by technical and practical 
constraints resulting in a lack of sufficient reporting. The 
observations collected by the conventional monitoring means 
that including remote sensing systems and ground level 
measuring instruments may not be representative for the entire 
space (e.g. in situ sensors) or may suffer from lack of 
precision when measuring adjacent to the Earth's surface 
(satellites). Furthermore, the costs entailed in the deployment 
and maintenance of the specialized means in the field are high, 
an obstacle that is of specific significance in developing 
regions, such as Africa, where conventional monitoring 
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instruments are scarce, if they exist at all. Over the past two 
decades, multi-system informatics has become increasingly 
spread as it is embedded into our surrounding infrastructure 
systems. These technologies create remarkable data streams 
which often contain invaluable environmental information 
with exceptional levels of coverage and immediacy [2], thus 
providing a growing opportunity to complement traditional 
observation techniques [3]. A key example is the use of 
measurements from commercial Microwave Links (MWLs) 
that form the data transmission infrastructure in cellular 
communication networks. These newly available 'virtual 
sensors' have become an essential monitoring tool over the 
past decade [4]. 

II.  HARNESSING MICROWAVE COMMUNICATION DATA FOR 

MONITORING ENVIRONMENTAL PHENOMENA 

Commercial MWLs operate at frequencies of tens of GHz 
and close to ground level, typically at elevations of tens of 
meters above the surface. These systems provide 
measurements of the Received Signal Level (RSL) at typically 
high temporal resolution (for example, every 15 minutes). The 
cellular providers typically store this standard data for quality 
of assurance needs. Weather conditions affect the signal 
strength of the wireless network and it can therefore be used as 
an environmental monitoring facility. 

 

 

Fig. 1 A communication mast in Hyderabad, India; the microwave 
drum-like antennas, denoted by the arrows, were originally designed 
for communication needs and can constitute a built-in sensor network 

for environmental monitoring 
 

Commercial MWLs are deployed all across the world, 
including in developing regions such as India, or countries 
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across Africa [5]-[7]. Furthermore, the data necessary for 
carrying out the required observations is the RSL between 
base stations of the wireless communication network itself. 
Thus, it does not involve end user privacy issues of any kind. 

Given the comprehensive coverage of cellular 
communication networks and measurement availability from 
all land locations globally, the proposed low-cost solution 
introduces a wide range of possibilities which previously 
existing technologies could not offer. For example, 
commercial MWLs have been found to be effective in 
monitoring rainfall [8]-[10]. Rain causes a significant 
reduction in the signal strength that is received by the MWLs 
and most of the research conducted to date in this emerging 
field has demonstrated the ability to monitor this phenomenon. 
Additional studies indicate the potential of these networks to 
monitor other hydrometeors including fog [11]-[13], water 
vapor [14]-[16] and dew [17]. 

Notably, some air pollutants have absorption lines in the 
microwave region. However, they induce negligible 
attenuation on the channel [18] with respect to precipitation in 
the frequency bands currently prevalent (tens of GHz). Hence, 
direct detection of atmospheric pollutants through the 
proposed approach still remains a challenge. However, a 
recent study has demonstrated the potential to detect air 
pollution indirectly using commercial microwave 
measurements [1]. 

Under standard atmospheric conditions, the temperature in 
the low atmospheric layer decreases with increasing height. 
Temperature inversion is a condition in which in a certain 
atmospheric layer the temperature rises with increasing height. 
This condition suppresses vertical atmospheric movements 
and therefore produces optimal conditions for creating 
increased ground level air pollution [19]. On the other hand, 
significant temperature inversions are associated with a stable 
state characterized by atmospheric layering. Under these 
conditions, the refractive index gradient with height is 
different from the standard state and causes perturbations 
(amplification/attenuation) to the microwave RSL. As a result, 
detection of these conditions using commercial MWLs can 
directly indicate an increase in air pollution [1]. Here we point 
to the potential to indirectly map air quality using commercial 
MWLs. 

Since commercial microwave networks are widely 
deployed, especially in urban areas, it is possible to generate 
2D rainfall maps on a multiple link basis. In addition, the wash 
out effect of rain leads to reduced air pollution [20]-[23]. 
Thus, commercial MWLs can potentially be used to indirectly 
map areas of improved air quality. 

III. TWO-DIMENSIONAL RAINFALL MONITORING AS A BASIS 

FOR MAPPING AREAS OF REDUCED AIR POLLUTION 

The rainfall intensity, R, along the link propagation path can 
be estimated using the following formula [24]: 

 
 A = aRb (dB/km)          (1) 

 
The precipitation induced attenuation, A, can be estimated 

from the RSL measurements taken by the commercial MWL 
while the parameters a and b are known and depend on the 
rainfall drop size distribution, on the frequency and 
polarization of the microwave signals. 

During rainfall the microwave antennas become wet and 
therefore an additional attenuation may be created relative to 
that caused directly by the rain drops along the propagation 
path. In order to obtain more accurate assessments this effect 
should be taken into account (e.g. [25]). 

Previous studies have shown the ability to map the intensity 
of the rain across space using commercial MWLs based on the 
abundance of available measurements, both spatially and 
temporally (e.g. [26], [27]). Fig. 2 demonstrates such a 
capability.  

IV. DEMONSTRATING THE POTENTIAL TO MONITOR WASHING 

OF PARTICULATE AIR POLLUTION USING MICROWAVE TOWERS 

Throughout Israel, on March 8-9, 2006, a severe haze 
episode caused high quantities of particulate air pollution to be 
reported. A following rain event that developed across the 
region, on March 9, led to the washing of pollutants. Fig. 2 
presents a 2D rainfall intensity map from the same day at 
15:19 produced using commercial MWLs that were deployed 
across the experiment test site in central Israel.  

The image (Fig. 2) is taken from Goldshtein et al. [28] 
where the ability to map rain based on commercial microwave 
measurements was first demonstrated using the Shepard's 
interpolation method [29]. The red asterisks mark the locations 
of two air pollution measurement stations whose records are 
shown in Fig. 3. The estimated rain intensities appear on the 
scale to the right of the figure. The straight lines represent the 
microwave propagation paths. 

 

 

Fig 2 Rain mapping across the experimental site in central Israel 
using commercial MWLs [28] Copyright © IEEE. All rights 

reserved. Reprinted, with permission, from [28]. Personal use of this 
material is permitted. However, permission to reuse this material for 

any other purpose must be obtained from the IEEE 
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Fig. 3 (A) presents the measurements of particle air 
pollution (PM-10) observed in the area by two different 
monitoring stations. A significant drop in the pollutant 
concentration can be observed after approximately 15:00, that 
is, close to the time when the 2D snapshot of rainfall intensity 

was produced using microwave measurements (Fig. 2). Fig. 3 
(B) shows the amount of precipitation (mm) as measured by a 
designated rain gauge that was situated in the city of Modi'in 
in the vicinity of the Modi'in air pollution station (Fig. 2). 

 

 

Fig. 3 Environmental measurements: (A) Measurements of PM10 pollution as taken by Modiin (black curve) and Gimzo (red curve) stations on 
the 9th of March 2009 between the hours of 00:30 and 23:30 of that day. The curves presented are based on half-hour averages. A sharp decline 
in the concentration of particulate matter as a result of rain washing is observed around 15:15-15:30. (B) The amount of precipitation (mm) as 

measured by the rain gauge that was situated in the city of Modi'in (in the vicinity of the local air pollution station) 
 

Notably, due to the wash out effect of the rain, the values of 
the PM concentration fell by two orders of magnitude from 
severe air pollution conditions, in which the PM values were 
found to be around 1000 µg/m3 to a state where they were 
measured to be of the order of 10's of µg/m3. 

Previous studies indicate threshold values of rainfall above 
which the particulate pollutants are washed off (e.g. [23]) 
where, on the other hand, recent research indicates the ability 
to estimate the amount of accumulated rainfall using 
commercial MWL measurements (e.g. [30]). D’Amico et al. 
[31] used a tomographic technique for the reconstruction of 2-
D fields of rainfall accumulation. Therefore, in future 
research, it will be possible to examine the ability to map areas 
in which air pollution is significantly reduced where the 
cumulative rainfall, as measured using commercial MWLs, 
exceeded the threshold values for washing off the pollutants. 

V.  CONCLUSION 

Accurate rainfall monitoring is of significant importance for 
various applications such as warning against flash floods, 
pluvial agricultural, or for the planning of urban 
infrastructures (e.g. [7], [32], [33]). The ability to monitor this 
phenomenon using commercial MWLs has been proven 
during the past decade (e.g. [9], [10], [26], [34]), at times, in 
ways that overcome the abilities of radar systems, due to the 
proximity of the network links to the ground, and its extensive 
geographic coverage (e.g. [30]). Alternately, other research 
has shown that the very fact that the microwave network is 
deployed in remote areas where the density of conventional 
rain gauges is particularly low, such as deserts, can provide an 
alternative solution [35].  

As we have pointed out in this paper, the potential to map 
areas where air pollution is significantly reduced as a result of 
the rain washing off effect is an added value inherent in the 
proposed technology. In particular, since the density of these 
radio links is enormous relative to any dedicated sensor 
network, especially in urban areas where population density is 
high, it will be possible to rely on this technology for model 
needs. 

As reviewed by [22], relatively simple variables such as 
precipitation rate and solubility are factors most washout 
effect parameterizations are modeled on. Henry's law 
coefficient or solubility [36] expresses a simple rate illustrated 
in well-controlled laboratory conditions demonstrating that the 
washout effect of air pollutants simply involves physical and 
chemical interactions between air pollutants and water. 
However, increased accuracy air pollution prediction is 
possible based on atmospheric chemistry models given the 
complex chemical processes associated with heterogeneous 
chemistry, chemical compounds, and atmosphere. The 
washout effect does not always depend linearly on the 
solubility, as these air pollutants interact with various 
meteorological and chemical conditions in the real world. 
Thus, extensive and reliable measurements as acquired by the 
proposed technology are essential for model validation. 

Note that the combination of air pollution with low rainfall 
amounts may lead to decreased air quality conditions [23]. 
Therefore, rain mapping using this method can also assist in 
mapping areas where air quality is often even lower. 

The fact that weather conditions and air pollution are 
closely interrelated, combined with the widely available 
microwave data, affords a new window to be opened to a 
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variety of opportunities concerning the monitoring of air 
quality using this approach. For example, it will be possible to 
examine the ability to reconstruct two-dimensional maps of 
areas in which temperature inversions (which form the 
preconditions for the creation of extreme air pollution) exist. 
Recent studies indicate the potential to map fog using 
commercial MWLs [11], while fog was also found to be an 
effective means of scavenging pollutants (e.g. [37]). 
Therefore, it will potentially be possible to study the 
relationship between fog and its effects on air pollution using 
the proposed technique. Furthermore, in the future, a shift to 
higher frequencies of operation, such as between 130 GHz and 
175 GHz, is expected [38]. In these high operating 
frequencies, dust and haze particles induced attenuation may 
reach 0.5-1 dB/km [39]. On the other hand, some MWLs have 
a magnitude resolution of only 0.1 dB, meaning that they may 
become potentially sensitive to observe the phenomenon. 
Further investigation is required regarding this issue, a 
challenge left for future work. 

Due to the relatively simple installation and mobility of 
MWLs in an area, while allowing for simple information 
transmission even over complex terrain (valleys, urban areas, 
etc.), this technology will continue to be a key tool for data 
transmission in the future [40]. This being the case, the 
opportunity arises for achieving environmental measurements, 
instantly, at minimal cost and with the assurance that the 
technology will be available and sustainable in the years to 
come. 
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