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Abstract — In perpetual development, roads are creating a 

vast network with harmful ecological effects. However, 

vegetative strips that border them, called roadsides, can 

mitigate, and even provide additional ecosystem services to the 

society (biodiversity preservation, water and air filtration, …). 

Mainly for security reasons, these roadsides must be regularly 

maintained. Inappropriate roadside management can lead to 

the decrease in ecosystem services (spread of invasive plants, 

habitats destruction or modification of the environment by soil 

enrichment among others). As roadside maintenance is highly 

recommended, the aim of this review is to identify technological 

solutions allowing to reduce management effects on ecosystem 

services provided by roadsides. Based on a systematic review of 

the scientific literature, five sensor technologies solutions were 

finally selected: the detection of rare, protected, or invasive 

plant species, the detection of animals, the automated control of 

ditches, the assessment of biomass quantity and carbon storage 

and the assessment of cultural services provided by roadsides. 

Keywords— sensors, roadsides, management, ecosystem 

services, environment 

I. INTRODUCTION 

Road infrastructures already represent a significant area 
at the world scale and 25 million kilometers of roads should 
be built until 2050 [1]. This road network in expansion has 
substantial ecological effects on environment: loss and 
fragmentation of habitats, light and noise pollution, chemical 
pollution of air and water, direct mortality of wild animals 
due to car collision [2]. However, considering the importance 
of roads in our society, the mitigation of these negative 
effects seems to be the most realistic solution [3]. These 
authors demonstrate that roadsides, grass strips along roads, 
represent an opportunity to mitigate these effects. Indeed, due 
to their location between district roads and several 
environments, as well as their composition (plant and animal 
species, ditches, …), roadsides can provide several 
ecosystem services, for example, by playing the role of 
habitat and ecological corridor for some species. 

The awareness of the existence of these services, along 
with a global development of an ecological thought of nature 
preservation in the society, are pushing local authorities to 
take an interest in these environmental aspects. This 

questioning is illustrated by the change in roadside 
management practices over time. Even though new practices 
can reduce the negative effects of intensive roadside 
management, these ones are still significant.  

Roadside maintenance is required for safety reasons, and 
it seems to be hard to move to management practices 
considering environmental aspects. The emergence of new 
technologies may be a lever to mitigate the impacts of 
roadside management on ecosystems. Indeed, the fast 
development of different sensor technologies may represent 
an opportunity of positive environmental contribution for the 
management of roadsides. Low-cost manufacturing and more 
reliable performance make the sensor technologies applicable 
in many different areas/fields that are almost only limited by 
our imagination [4]. Several studies have already explored 
possible applications of sensor technologies with an 
ecological purpose [5]. Sensors allow to accumulate a lot of 
data of diverse information and is a precious source for 
decision making in environmental management. So, this 
research aims to identify sensor technologies allowing to 
conciliate management of roadsides and enhancement of their 
ecosystem services, i.e., to realize a maintenance of roadsides 
more sustainable, which does not alter or at least alter less the 
services provided by roadsides. 

 This work develops a systematic review of the literature 
with the aim of exploring the main technologies that could be 
used for the maintenance of roadsides through a graphic 
representation of bibliometric maps. This type of 
representations makes possible a semantic analysis of the 
bibliography based on co-occurrence data. The visualization 
tool based on clustering algorithm, VOSviewer, will be 
utilized [6]. 
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II. EXISTING THEORIES & PREVIOUS WORK 

A. Ecosystem services provided by roadsides 

Roadsides are characterized by the presence of three 

elements: (i) the berm, the area closest to the roadway, (ii) the 

ditch, whose role is to evacuate rainwater and (iii) the slope 

which make the junction between the ditch and the adjacent 

area (forest, culture,…) [7] (Fig.1). 

Several research have focused on ecosystem services 

provided by roadsides [3], [8]. Ecosystem services can be 

divided into four categories: self-maintenance services, 

provisioning services, regulation services and cultural 

services [9]. However, roadsides can also provide disservices 

to the society. The table 1 synthesizes all ecosystem services 

and disservices provided by roadsides. 

 

1) Self-maintenance services: Self-maintenance 

services correspond to services allowing ecosystems to be 

able to last over time and to continue to provide other 

ecosystem services [9]. As regard to roadsides, several self-

maintenance services have been identified. The grass strips 

characteristic of roadsides enhance pollination which is 

important for the reproduction of many plant species. A large 

population of pollinator insects also contribute to increase 

yield of adjacent arable fields [8]. Moreover, roadsides can 

preserve water resources by facilitating the infiltration and 

the retention of rainwater in the ground [10]. Roadsides also 

participate to the preservation of biodiversity. They represent 

a favorable habitat for many animal and plant species [11]. 

Moreover, because of their low area/perimeter ratio, 

roadsides are particularly influenced by adjacent habitats [12] 

that can represent sources of propagules. Roadsides can also 

constitute ecological corridors, facilitating the movement of 

several plant and animal species [13]. The dispersal of plant 

species can be facilitated along roadsides by the transport of 

cars or by the mowing machine used in roadside management 

[14]. In addition, mowing machine can also increase the 

dispersal of seeds from roadsides to adjacent habitats [14]. 
 

2) Provisioning services: Provisioning services 
correspond to products that can be used in order to meet a need 
[9]. Roadsides constitute an interesting area for bioenergy 
production [15]. Indeed, they can provide green waste that can 
be composted or used as feedstock for energy production [16]. 
It is also now possible to collect the mown biomass and to use 
it in anaerobic digestion sector for the production of biogas 
[17]. However, the ways of reusing roadsides waste are still 
being explored. Green waste appear to be a promising starting 
material for the direct extraction of valuable compounds, for 
chemical and fermentative conversion into basic chemicals as 
well as for the manufacture of functional materials such as 
electrodes used in electro-biotechnological applications by 
carbonization [16].  

3) Regulation services: Regulation services are services 
that mitigate or regulate natural phenomena [9]. Roadsides 
and more particularly ditches play a major role in the 
regulation of water level. They also play an important role for 
the evacuation of rainwater during heavy rains [10]. Some 
types of vegetation in ditches allow water filtration and then 
to obtain water of better quality by extracting pesticides and 
heavy metals from the water before their infiltration into the 
ground [18]. The vegetation of roadsides also acts as a 
regulator of climate change by storing CO2 through 
photosynthesis process [19]. 

4) Cultural services: Cultural services are unmaterial 
profits that humanity can earn from ecosystems [9]. From this 
point of view, roadsides structure the landscape and 
participate to its diversity. During hot periods when staying 
under the sun become unbearable, and more specifically in 
town, roadsides can create more pleasant climate by the 
presence of trees. Indeed, in addition to create shaded areas, 
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TABLE I. ECOSYSTEM SERVICES AND DISSERVICES OF ROADSIDES 

Fig.1 Description of roadsides [7] 



trees also spread humidity in the air by the phenomenon of 
evapotranspiration [13]. 

5) Disservices: Ecosystem disservices represent all the 

negative effects of roadsides on environment and on society. 

The presence of allergen plant species in roadsides can lead 

to breathing difficulties, conjunctivitis and even eczema [20]. 

Roadsides can also be a source of deterioration of 

infrastructures when/if trees fall on the road [3]. Finally, 

roadsides can facilitate the dispersal of weeds in adjacent 

arable fields, especially if plants have already produced their 

seeds when they are mown. Mowing machine can, in this 

case, project seeds in the direction of the field [14] which 

could then establish and develop themselves, colonize the 

field and compete with crops. 

B. Roadside management practices and their impacts 

 

Roadsides need a particular management. Indeed, if the 

vegetation is not regularly mown and pruned, drivers’ 

visibility can be reduced, and this can increase road accident 

risks. Signage, and all other security elements, must stay 

apparent. Roadsides are maintained to allow drivers to drive 

in safety or to stop/park on it in case of emergency. They must 

also be maintained for reducing fire starting risks [3], and 

flooding risks [13]. 

Consequently, the maintenance of roadsides by local 

authorities is compulsory. Several practices chosen by local 

authorities, can be implemented and can have different 

impacts.  

 

We can differentiate two different kinds of regimes: the 

standard regime and the environmentally-friendly regime.  

 

Standard regime, correspond to an intensive management, i.e. 

that the number of mowing per year is particularly high in 

order to ensure road users visibility, particularly at bends, 

intersections and on narrow roads, etc. [21]. On average, 

roadsides are mown three times per year, sometimes more 

and the height of mowing is low: between 5 and 8 centimeters 

[22]. 

 

At the opposite, the environmentally-friendly regime 

consists in rationalizing the practices of roadside 

management [21], it aims to take into account negative 

impacts that the standard regime can have on the 

environment, and to mitigate them. In France, it includes an 

increase in the height of mowing, a reduction in the number 

of mowing (2 mowing in average per year, in spring and at 

the end of summer), a delayed in the first date of mowing, 

and a differentiation of the practices according to the 

environment characteristics (present species, protected areas, 

parts of roadside) [22]. In addition, an exportation of the 

biomass can be carried out. 

 

The choices that are made on the practices have several 

impacts at three different levels: the social level, the 

ecological level, and the economic level [3]. 

First, the mowing frequency have several impacts on 

ecosystem services delivered by roadside verges. A high 

mowing frequency can reduce pollination, biodiversity 

preservation [23] and pests’ control services but can also 

mitigate infrastructures’ deterioration and ensure road users’ 

security. A high mowing frequency can also increase the 

management costs and the energy consumption compared to 

low mowing frequency. 

Then, the choice of the mowing height directly impacts 

the preservation of the biodiversity and the maintenance cost: 

a low mowing height weaken the biodiversity and provoke 

damage on the material [22]. A high mowing height can 

permit to mitigate these consequences and reduce the energy 

consumption.  

 

With the environmentally-friendly regime, a choice is 

made to delay the summer mowing. This choice has impacts 

on several ecosystem services: a late mowing allows most 

species to complete their life cycle which can increase plant 

diversity [24]. By allowing the vegetation to grow at a 

significant height, the roadsides can constitute a good refuge 

for wildlife [3]. This regime favors the development of the 

flora until its flowering and therefore offers a landscape with 

various colors [25]. This decision can also have negative 

effects as a lowering of the culture yield by spreading seeds 

in crops and of road users’ security in some cases. 

An environmentally-friendly regime also includes a 

differentiation of practices according to areas and needs. It 

enhances services of biodiversity preservation, pollination 

and landscape’s diversity but also mitigates the presence of 

allergenic plants because a specific treatment is done [26]. 

The last choice that we evaluated as having an impact on 

the ecosystem of roadsides is the export of the mown 

biomass. In this case, the soil is not enriched in nitrogen and 

plant diversity can be increased [27]. This practice also 

enhances the development of pollinator insects, indeed, in 

areas where this regime is implemented, the average number 

of inflorescences and flower-visiting insects within roadsides 

TABLE II. IMPACTS OF STANDARD REGIME ON ECOSYSTEM SERVICES/DISSERVICES 



can be higher than under the standard mowing regime [28]. 

Exporting the biomass also reduces the needs of maintenance 

concerning ditches and pipes [29] and somehow compensates 

a part of the costs and the energy consumption linked to 

mowing activities thanks to the valorization of the biomass 

[17].  

All these different impacts on ecosystem 

services/disservices as well as the advantages/disadvantages 

of each mowing regimes are synthesized in table II and table 

III. 

 

This study on different management practices underlines 

that they can have several impacts on ecosystem services. 

Indeed, a modification of the practices of standard regime 

(Table II) towards an environmentally-friendly regime with 

or without biomass export (Table III) seems to be an 

opportunity to restore some ecosystem services provided by 

roadsides. In the continuity of these changes in management 

practices, this article focuses on the improvement of the 

roadside management by seeking if sensor technologies 

(mature or emerging) can be able to evaluate or enhance the 

ecosystem services provided by roadsides. 

III. METHODS 

A. Research question 

 
 The purpose of this study is to answer to the question: how 
can existing sensor technologies be implemented in roadside 
management with the purpose of supporting roadside 
ecosystem services?  

B. Applied research method 

With this aim, we set up a research with three different 

steps (Fig.2). The first one is a systemic review of the 

literature with the purpose of identifying the most used sensor 

technologies in sectors close to roadside management. To 

realize this systemic review of the literature, we used the 

software VOSviewer that permits to map the frequently used 

terms and to create co-occurrence relationships. This 

systematic review can there again be decomposed into three 

different parts. 

 

First, as the roadside management is not a highly treated 

subject, the employed strategy has been to broaden the 

subject. So, the first step of this systematic review was to 

determine which sensor technologies were used in 

applications related to the vegetation and their specific use. 

We decided to use the database Web of Science, and the 

Boolean equation used was as follows: (Title-Abs-

Key (sensor*) AND Title-Abs-Key (vegetation)). Studied 

publications were published between 1950 and 2021. 

 

For the second part, we decided to get closer to the 

thematic of roadside management by changing one of the 

keywords of the equation which became: (Title-Abs-

Key (sensor*) AND Title-Abs-Key (mow*)). This 

modification led us to identify the sensor technologies which 

are used in agriculture and for the maintenance of green areas 

and to have an overview on how they are used. 

 

The last part of the systematic review is about the 

identification of sensor technologies which are used to 

measure and enhance ecosystem services. So, the research 

equation for this part is: (Title-Abs-Key (sensor*) AND 

Title-Abs-Key (“ecosystem services”)).  

 

The second step of the research strategy consisted in 

studying applications that were made of sensor technologies. 

With this aim, we read scientific articles about ecosystem 

services that we can find in the ecosystem of roadsides. So, 

we were able to understand how these technologies are used 

to measure and enhance ecosystem services. 

 

      The purpose of the last step of this study was to make the 

links between the identified technologies and the ecosystem 

services provided by roadsides. 

 

TABLE III. IMPACTS OF ENVIRONMENTALLY FRIENDLY REGIME ON ECOSYSTEM SERVICES/DISSERVICES 



IV. FINDINGS 

A. Collected data. 

We found a total of 9059 articles focusing on the use of 
sensor related to the vegetation. We can note that the number 
of articles published on this subject is constantly increasing 
year by year (Fig.3). 

The main funders of research on the subject are the NSFC 

(National Natural Science Foundation of China), the NASA 

(National Aeronautics Space Administration) and the 

European commission. 

 

Research areas could be identified in order of importance: 

imagery sciences (3328 results), environmental sciences 

(2975 results), geology (2130 results), agriculture (1135 

results), physical geography (737 results), and meteorology 

(538 results). 

 

By analyzing these results with VOSviewer, we 

highlighted that the most studied technology was the remote 

sensing. It consists in determining, from a distance, the 

characteristics of an object by receiving radiation reflected or 

emitted by this one. Remote sensing gathers several 

technologies that are cited in articles studied, for example: 

LIDAR (Light Detection And Ranging), RADAR (Radio 

Detection And Ranging), photogrammetry and multispectral 

and hyperspectral camera. All these technologies are 

principally used in forest management or in precision 

agriculture to control the state and the development of the 

vegetation. 
 We found a total of 176 articles focusing on the use of 
sensor related to mowing activities. The main terms used in 
these articles are represented in Fig.4 as well as the links of 
co-occurrences between them. 

Seven clusters were identified, and their description is 

shown in Table IV. 

Thus, an overview of the use of sensors in the field of 

natural areas management is obtained: sensors are mainly 

used to optimize tasks and thus to increase efficiency. The 

environmental problematic has not really been approached. It 

seems interesting to assess if the use of sensors can lead to a 

more environmentally-friendly management regime of 

roadsides, this could improve our knowledge of ecosystem 

services provided by roadsides and the impacts of 

Fig.4 VOSviewer map for step 2 (Research: sensor* and mowing; 176 results) 

TABLE IV. CLUSTERS AND KEYWORDS IDENTIFIED BY VOSVIEWER 

Fig.2 Research strategy 
 

Fig.3 Evolution of the number of published articles per year 

(Source: Web of Science) 
 



management practices on roadsides’ ecosystems. We will 

now interest ourselves on the way that identified technologies 

are used to measure and enhance ecosystem services. 
B. Analysis of collected data 

1) The LIDAR: Firstly, the LIDAR technology is used 

to quantify provisioning services. The LIDAR is indeed used 

to quantify biomass quantity of trees in a forest. Data 

collected this way give good estimations of wood production 

because LIDAR allows a precise measure of the trees’ height 

[30]. In the same way, this technology is also used to estimate 

crop production [31]. Depending on the structure and the 

density of the studied vegetation, a part of the radiation 

emitted by the LIDAR penetrate the vegetation and is 

reflected by the ground. By analyzing the time difference 

between the return of the two signals, it is possible to estimate 

the height of the observed vegetation. In some cases, the laser 

radiation does not penetrate the vegetation, so the ground 

level must either be measured by another mean, either be 

estimated by creating a digital terrain model (DTM) from an 

extrapolation of other measurable points. With the same 

process, it is possible to measure the carbon storage service 

of the vegetation because it is relative to the biomass quantity 

[30]. 

 

Secondly, the LIDAR technology can also be used to 

estimate pollination service. Several studies have mapped 

bees’ densities [32], [33]. This technology has not been used 

for measuring ecosystem services yet, but the existing 

technologies would allow it. 

 

Finally, the LIDAR can be used to evaluate cultural 

services and more particularly the one provided by 

landscapes. Researchers interested in this subject, have 

identified landscapes’ characteristics appreciated by people 

providing a cultural ecosystem service [34]. This experiment 

led to the characterization of the qualities that are important 

for the people as beaches, body of water, terrain slope, etc. 

 

2) The RADAR: In the first place, the RADAR 

technology can be used in the same way as the LIDAR, for 

measuring the biomass quantity or the stored carbon quantity 

in the vegetation. The main difference is that the RADAR is 

placed on a satellite and not on a UAV, the data cost is 

therefore cheaper than with the LIDAR because there is no 

material investment. The accuracy of RADAR estimations is 

also lower than LIDAR estimations [35]. The choice of 

technology depends on the objectives to be achieved and on 

the financial means available. 

 

Then, the RADAR can also be used to study insects’ 

migration. Indeed, researchers have shown that it is possible 

to measure the mass and the length of moving insects [36]. 

This can allow to identify species moving from an area to 

another and to anticipate impacts of this kind of movements. 

Insects migrations represent a biomass and nutrients transfer 

and can provide pest control service and be important for 

pollination [37]. 

 

The RADAR technology is also a possibility to study 

flooding risks [38]. Among all these remote sensing 

technologies, the RADAR has the advantage of penetrating 

the cloud cover and not being disturbed by rain. It allows to 

follow flooding that happened most of the time during heavy 

rain events. This method use data collected during past 

events, allows to map flooding areas/zones and to identify 

areas with more flooding risks.  

 

3) Multispectral and hyperspectral cameras: This 

remote sensing technology can be used to identify plant 

species. For example, it is used in the sector of forest 

management in order to differentiate and to map different tree 

species present in a given area [39]. 

 

Hyperspectral imagery is also studied for its potential 

capacity as a tool for fire prevention [40]. By studying the 

composition and the structure of the vegetation, researchers 

have been able to simulate fire propagation and to evaluate 

the risks of this event in a given area with an accuracy of 93%. 

 

Thanks to this technology, it is also possible to control the 

health of observed plants. This is particularly interesting 

within the framework of forest management. For example, 

we can identify areas under water stress or that are unhealthy 

[41]. 

 

4) Conventional cameras: Conventional cameras can 

be used for the recognition of some plant species. With a 

recognition algorithm, the technology allows to identify, to 

count and localize the species. For this type of use, the camera 

is placed on an Unmanned Aerial Vehicle (UAV) which flies 

above the studied area. Once the images are collected, they 

are processed by an artificial intelligence system which, after 

being “trained”, is able to identify the species of interest [42]. 

 

5) Infrared cameras: The infrared cameras allow to 

distinguish the different objects according to their 

temperature; they can be used to detect warm blooded 

animals even when visibility conditions are not optimal. In 

[43], these cameras can be used to study the behavior of bat 

species and so establish if they play a role in the pollination 

of some trees. 

 

C. Discussion 

 

The purpose of this discussion is to show how the 

identified technologies can be adapted to the roadside 

management sector in order to achieve a more 

environmentally-friendly regime. 

 

1) Mapping of rare, protected, or invasive plant 

species: Roadsides are a favorable habitat for biodiversity, 

for fauna as well as for flora. Sensor use in management 

practices could help to detect rare, protected, and invasive 

plant species. Then, by adjusting management practices, we 

could be able to preserve or limit their population. To do this, 

several technologies seem to be suitable: first, remote sensing 

which is already used to identify some rare species [44]. For 

this technology, satellites or UAV are generally used for 

collecting data, because they allow to observe areas which are 

difficult to access such as dense forest canopy and isolated 

natural areas. In the case of roadsides, the area is easily 

accessible, thereby maintenance vehicles can be equipped 

with these kinds of devices and can collect data. Technologies 



used in this type of applications are conventional cameras and 

multispectral or hyperspectral cameras. The choice is based 

on specific biological characteristics of the target species 

compared to other species. One of the limits of these 

technologies is their sensibility to meteorological conditions 

and shaded areas which affect their accuracy [45]. 

 

Collecting these kinds of data could help implementing 

extensive management practices. For example, invasive 

plants clusters could be mapped and the evolution of their 

size, number and location could be continuously followed. 

This could help understanding how these plants spread in the 

territory and to set specific actions on strongly affected areas 

in order to limit their spread and reduce their presence. This 

type of data could also allow to follow the dynamic of rare 

and protected species and adjust management practices.  

 

2) Detection of animals: Several animal species use 

roadsides as a habitat, for example insects, reptiles, 

amphibians, birds, and small mammals. In order to preserve 

them during mowing activities, the use of thermal camera can 

be considered. It is used in agricultural sector for human 

obstacles avoidance in the development of automated 

vehicles [46] and could be adapted to roadside mowing. 

However, this technology concerns only warm-blooded 

animals like birds and small mammals. Moreover, other 

existing technologies cannot detect insects, reptiles, and 

amphibians through dense vegetation. For these species, it 

can be wise to work out predictive detection systems [44].  

 

The use of LIDAR can also be considered in this context. 

Indeed, we have previously seen that this technology could 

allow to measure and to map bees’ density [33]. The 

acquisition of these kinds of data on roadsides would permit, 

for example, to know the periods of strong activity of the bees 

and so, to avoid mowing during these periods in order to 

preserve bees. In addition, we could investigate which areas 

bees use the most and identify their characteristics (e.g., plant 

species present, their abundance and flowering period). 

RADAR is also used to study insects’ migration [36], it 

represents a potential tool for roadside management, and 

could be used in the same way as LIDAR. 

 

3) Automated ditches control: Roadside ditches 

evacuate rainwater. It is therefore a crucial element during 

heavy rains, especially in urban areas where most of the 

ground is waterproofed by concrete. When the mown 

biomass is left on the ground, it can obstruct the canalization 

infrastructure like pipes and bridges, leading to flooding 

problems. Despite their importance, ditches are rarely 

controlled due to the lack of efficient control techniques. 

Therefore, some scientists have addressed this issue by using 

LIDAR technology to realize DTM of the studied ditches and 

verify if they are functional [10]. This analysis allows, by the 

simple passage of a vehicle, to evaluate their capacity to 

evacuate water and to propose potential modifications of their 

profile. 

 

In addition, plant species recognition techniques (see 

section 5.1), could be used to check water infiltration capacity 

of the vegetation composing ditches. Some species are able 

to absorb potential water pollutants and their identification 

could allow to measure the capacity of ditches to improve 

water quality and so to provide a regulation service. 

 

4) Evaluation of biomass quantity and carbon storage: 

The technologies previously identified allow to quantify 

provisioning service provided by forests, by estimating the 

biomass quantity available. Even if the first role of roadsides 

is not to be a source of biomass, this service can be 

considered. Thanks to LIDAR and RADAR technologies, we 

could collect data on biomass quantity contained in trees, and 

also on vegetation useful for methanization or composting. 

Information on vegetation quantity could be interesting when 

the environmentally-friendly regime with biomass export is 

carried out. This would allow to plan mowing dates when 

vegetation quantity is the highest, or simply to optimize 

transport activity by estimating biomass quantity that will be 

collected for transport optimization for example. 

 

In addition, the evaluation of biomass quantity in 

roadsides can allow to assess their role in storing carbon and 

so their contribution to the fight against global warming.  

 

5) Evaluation of cultural service provided by 

roadsides:  It could be interesting to study how roadsides are 

perceived by humans and which characteristics are important 

for providing a cultural service (as shown by [34]) The 

presence of trees, hedges, and/or flowers, but also of artificial 

elements like fences and electric pylons, could represent key 

characteristics. The use of LIDAR technology combined with 

a photographic survey, could allow to obtain data on 

roadsides characteristics influencing the cultural service. 

 

Fig.5 summarized all these possible applications and 

show the links that we established with the different impacted 

ecosystem services.  

 

6) Global integration of these practices to roadside 

management: Although all these technologies exist, it can be 

complex/difficult to include them in existing roadside 

management practices. 

 

To assess whether it is possible, we can examine 

technologies’ maturity: 

 

The LIDAR technology has reached a very good state of 

maturity because it is used in a lot of sectors as building and 

civil engineering or the automobile sector with the 

development of autonomous vehicles. These sectors cannot 

allow any mistakes, it means that LIDAR technology is 

functional and accurate in a favorable environment. 

However, the vegetation of roadsides could reduce the level 

of accuracy of this technique. 

 

The RADAR technology is globally very well controlled, 

but this is less true in the case of obstacle detection. Indeed, 

this technology is not as accurate as the LIDAR for locating 

obstacles. It is used for reversing RADAR of vehicles, but the 

information only concerns the presence of an object in the 

area. RADAR that would permit to accurately localize 

obstacles in a green environment are still under study. The 

market is therefore quite reduced, and the technology is hard 

to get. 



Concerning the three types of cameras (conventional, 

multispectral, and infrared), they all are at a high maturity 

level, and they are easily accessible on the market. However, 

the information processing phase is under development, 

particularly the use of conventional camera for object 

recognition and, in our case, plant species recognition.  

 

From a global point of view, the main difficulty in 

integrating these technologies into roadside management 

sector is the financial aspect. Sensor technologies are not 

likely to be regularly used and they represent a significant 

investment for local authorities. An operating approach could 

allow to minimize the financial investment. For example, 

sharing the material at a regional scale could be a solution to 

limit the investments by local authorities.  

V. CONCLUSION 

We assessed the potential for integrating sensor 

technologies into roadside management practices. The main 

goal was to identify existing technologies that can allow to 

estimate ecosystem services provided by roadsides. We have 

seen that several ways of using sensor technologies exist for 

a better understanding of nature and ecosystem services 

provided by roadsides. Several of these techniques that are 

used in different sectors can be adapted to roadside 

management. The mapping of rare, protected, or invasive 

species, the detection of animals, the automated control of 

ditches, the assessment of biomass quantity and of carbon 

storage, and the assessment of cultural services provided by 

roadsides, could be possible with these new technologies. 

Carrying out these different measures would highlight the 

important role that roadsides can play in the provision of 

ecosystem services. In addition, by enhancing our knowledge 

on this ecosystem and its functioning, we could be able to 

optimize its management and to derive maximum benefit 

from it. 

 

This research study proposes possible technical solutions 

for the implementation of a more sustainable management of 

roadsides. Additional research on each technical solutions are 

needed to assess their effectiveness. The main limits that need 

to be addressed are the financial constraints, because the 

presented technologies can require large investments. In 

addition, their effective use in a vegetated environment such 

as roadsides, needs to be investigated. To evaluate the 

investment to realize, it is important to quantify the potential 

benefits we can get from the valuation of some ecosystem 

services because these services can be financially quantified. 

To limit investments by local authorities, sharing material or 

using open-source data or software can be considered. Future 

studies should focus on potential benefits of using the 

identified technologies, by considering the investment 

required and trying to reduce it. 
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