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Abstract

Since 2004, increasing attention has been focused on improving UAV
applications in forestry.

The technology related to the drones also allowed to prefigure new applications
related to forest monitoring in real-time and timely, such as the monitoring of fire
fronts during forest fires.

Accurate information about forest composition, structure, volume, growth, and
extent is essential for sustainable forest management.

The aim of this paper is to compare the results obtained from Web of Science and
Scopus databases in order to have a wide framework of the bibliography to
explore between 2004 to date.

The number of found publications in Scopus and Web of Science databases,
underline that there is an increasing interesting on the investigated thematic; the
comparison between the two databases show that WoS is more complete than
Scopus.

In conclusion, the results comparison, for each keywords combination in both
databases, show that Web of Science is the best bibliographic database research
for the explored thematic.
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1. Introduction

The policy for European research, with the Horizon 2020 program, outlines
instruments to support research and innovation in food safety and workers' safety
[8], [9], [6], [11], [20], the bio-economy and sustainable agriculture, [18], [19],
[22], [19], [5] and other issues in agriculture and forestry (climate change,
efficient use of natural resources, energy efficient).

In this context of multidisciplinary innovation part of the interest of researchers is
oriented to the use of Unmanned Aerial Vehicles (UAV) in forestry management
and in precision agriculture.

The latest development of unmanned aerial vehicle has expanded the application
possibilities of the high spatial resolution remote sensing forest, with a growing
range of applications, even on private property; the technology related to the
drones also allowed to prefigure new applications related to forest monitoring in
real-time and timely, such as the monitoring of fire fronts during forest fires. On
the subject of the woody traceability, the use of systems based on radio-frequency
(RFID) allows, through a rapid and efficient identification and mapping, to
optimize the programming of the chain of operations, and then to reduce the cost
and waste. Accurate information about forest composition, structure, volume,
growth, and extent is essential for sustainable forest management and can be
extracted directly or indirectly from remotely sensed imagery [25]. From 2004,
increasing attention has been focused on improving UAV applications in forestry.

Along with the development of sensor and computation technologies, remote sensing
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applications in forestry have evolved from conventional aerial photography-based
forest inventories [14] to satellite imagery-based forest resource monitoring [4]
[26], [21], from multispectral data-based forest cover mapping [33], [24] to
hyperspectral data-based biophysical forest estimations[15], [29], and from
passive remote sensing-based forest leaf area index measurements [30] [28] to
active remote sensing-based forest structure characterizations [10], [12].Through
the integration of multiple data sources, it is possible to improve estimations of
forest volume and biomass[13], [11]. One of the most critical barriers to remote
sensing applications in forestry is the lack of timely data collection over target
areas. For example, when one wants to assess pest outbreaks [32] or wildfire
spread [3] in a forested landscape, appropriate satellite imagery might be
unavailable and aerial photography from crewed/manned aircrafts might be
unaffordable. Stand-level information is critical for sustainable forestry [33] but
cannot be extracted from medium- or coarse-resolution remote sensing
approaches. Drones as remote sensing platforms have the potential to increase the
efficiency of data acquisition, but their applications are still at an experimental
stage [2], [31], [23]. In the last decade UAVs have attracted a significant interest,
they have been widely used for military applications and extended UAV
technology to a wide range of civilian applications.

The aim of this paper is to compare the results obtained from Web of Science and
Scopus databases in order to have a wide framework of the bibliography to
explore between 2004 to date.

2. Methods

2.1 Web of Science database
The first step is the choice of the:
v key words to include in the research, in our case we chose:
o UAV + forest
o UAV + forestry
o drone + forest
o drone + forestry
v" researcher period between 2004 and 2016
v’ the keywords in topic and in title in two different time step

v’ “Science Technology” domain

2.1 Scopus database
The first step is the choice of the:
v key words to include in the research, in our case we chose:
o UAV + forest
o UAV + forestry
o drone + forest
o drone + forestry
v" researcher period between 2004 and 2016
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v’ type of documents that are automatically selected in database (keywords, title
and abstract
v “Life Science” as Subject Area

3. Results and conclusions
3.1 Web of Science

Table 1 shows the number of publications per year from 2004 to 2016, there is a
growing interest in the investigated thematic, according to the different keywords
searched. In the last three years, from 2013, the amount of the papers is growing.
Searching UAV+Forest combination, WoS shows 138 contributions, in the other
and UAV+Forestry combination reveals 32 works, particularly focused between
2011 and 2016. Searching Drone+Forest or Drone+Forestry combinations, WoS
show 23 and 11 contributions, respectively.

Table 1. Number of publications per year according to the selected keywords in
Web of Science database

PUBLICATION UAV UAV DRONE DRONE
YEAR FOREST FORESTRY FOREST FORESTRY

2004 1 1
2005 4
2006 9
2007 8 1
2008 2
2009 5 2
2010 5
2011 12 1
2012 9 5 2 1
2013 24 8 6 1
2014 26 6 4 2
2015 32 6 5 2
2016 11 2 3 1

Total contributions 148 32 23 8

Regarding the type of the documents as show in Table 2, the UAV+Forest
combination gives a major number of contributions both for conference papers
than for articles. The same decreasing trend of numbers of works for each
keywords combinations observed in Table 1, is confirmed for the type of
contributions (Table 2). As a matter of fact, the Drone+Forestry combination give
the minor number of works for conference papers and articles.
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Table 2. Number of publications per type according to the selected keywords in

Web of Science database

CONFERENCE PAPERS ARTICLES

UAV+FOREST 75
UAV+FORESTRY 13
DRONE+FOREST 5

DRONE+FORESTRY 2

3.2 Scopus

Similar results were obtained in Scopus, that underline a peak of publications
during 2015 (Table 3). However, there are a sporadic number of contributions
until 2013, in fact for UAV+Forest there are not publication until 2011, for
UAV+Forestry there is one publication in 2004, 2011 and 2012. From 2004 to

2013 Drone+Forest combination show only 8 works,

Drone+Forestry combination.

and just 4 for

Table 3. Number of publications per year according to the selected keywords in

Scopus database

PUBLICATION UAV UAV DRONE DRONE

YEAR FOREST FORESTRY FOREST FORESTRY
2004 1
2005
2006
2007 2 1
2008 2 2
2009
2010
2011 1 1
2012 2 1 1
2013 3 8 2 1
2014 5 4 2 1
2015 14 10 6 4
2016 8 4 2 2

contIiol:;[S:ions 32 29 18 11

Scopus database distinguish more type of contributions, according to Table 4. The
“Article” type is preferred to others by scientific community. In Table 4, this trend
is evident, with 29 works for UAV+Forest, 24 for UAV+Forestry, 15 in

Drone+Forest searching and 10 in Drone+Forestry combination.
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Table 4. Number of publications per type according to the selected keywords in
Scopus database

CONFERENCE  ARTICLE

ARTICLE PAPER IN PRESS REVIEW NOTE
UAV+FOREST 29 1 1 1
UAV+FORESTRY 24 4 1
DRONE+FOREST 15 2 1
DRONE+FORESTRY 10 1

In Figure 1 are compared the four keywords combinations of the two databases,
both in Scopus than in WoS the majority of the contributions were published
during the last four years. Observing the period between 2012 and 2015,
UAV+Forest keyword combination reveals that WoS found more publications
than Scopus. On the contrary, UAV+Forestry and Drone+Forestry combinations
show a lot of works in Scopus, particularly in 2015.

Regarding Drone+Forest, in 2015, the two databases reveal the same numbers of
publications.

UAV+FOREST UAV+FORESTRY
m Scopus = Web of Science m Scopus = Web of Science
o gl
c 30 — ©10
2 =
& 88
220 X 36
Qo >
=] a4
=10 . -
5 $?
c <0
0 3885833320338 8
S 0N O - 0 OO O 4 N M < 0 O O O O OO0 OO0 OO0 O O O O
£g8g888s8ss8s8s8g8¢g NNNNNSEINNNSS
AN AN AN NN AN AN &N AN AN N AN NN Yeal’
Year
DRONE+FOREST DRONE+FORESTRY
m Scopus = Web of Science m Scopus = Web of Science
w
%) c
o
s 8 g5
5 6 S 4
= S 3
- 4 — )
322 I =1
o
50 kI Z 0 il
< < WD © I 00 O O 1 AN M - 1 © < WD © I 0 0O O 1 AN M < 1 ©
O O O OO0 O d d d A d d d O O O O 0 O dJA d A A d d d
O O O O O O O O O O O O O O O O O O O O O O O O O O
[S U o VI o VA o N [ o N A o N I o N A oV I o VA o N Y o N A oV o\ } [V o VI oV A oV I o N A o N I o N A o N Y o N AN oV I o N A oV o\ )
Year Year

Figure 1. Evolution of the number of publications in the 2004-2016 period,
according to the selected keywords in the two databases
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Figure 2 display the different types of works, these are subdivided in Article,
Conference Paper (CP), Article in Press (AP), Review and Note.

In every keywords combinations the type that reveal the major number of
contributions is the Article, excluding the UAV+Forest combination in WoS in
which Article and CP appear quite similar.

Is interesting to underline that changing Forest in Forestry in the keywords
combination, the two databases reveal different results. In the first case
(UAV+Forest and Drone+Forest) WoS reveal more contributions; at the opposite,
the combination UAV+Forestry or Drone+Forestry appear more significant in
Scopus database.
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Figure 2. Evolution of the type of publications in the 2004-2016 period, according
to the selected keywords in the two databases

Tables 5 and 6 show the numbers of total contributions, located on the diagonal,
and the duplicates, located under the diagonal, found in Scopus and WoS database,
respectively.

For example in Table 5, in the first column, is possible to see the results about the
search UAV+Forest. The total amount of contributions is 32 in Scopus database,
the numbers of the works that appear both in UAV+Forest and UAV+Foresty
research are 12.
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Table 5. Numbers of total contributions (diagonal) and the duplicates found in
Scopus database

SCOPUS UAV UAV DRONE DRONE
FOREST FORESTRY FOREST FORESTRY
UAV+FOREST 32
UAV+FORESTRY 12 29
DRONE+FOREST 8 6 18
DRONE+FORESTRY 6 7 9 11

Table 6. Numbers of total contributions (diagonal) and the duplicates found in
Web of Science database

WEBOFSCIENCE  -OREST FORESTRY FOREST FORESTRY
UAV+FOREST 148

UAV+FORESTRY 20 32

DRONE+FOREST 7 3 23

DRONE+FORESTRY 3 4 5 8

Comparing the two databases, similarly at the previews results, is possible to
individuate on the diagonal the duplicates contributions found in WoS and in
Scopus (Table 7). For UAV+Forest keywords combination 25 works were found
both in WoS than in Scopus, only 5 for UAV+Forestry and Drone+Forestry. Nine
publications were individuated searching Drone+Forest combination in the two
databases.

Table 7. Numbers of duplicate contributions found in both databases, according to
the selected keywords

WoS WoS WoS WoS
UAV UAV DRONE DRONE
FOREST FORESTRY FOREST FORESTRY
S - UAV+FOREST 25 9 5 4
S -UAV+FORESTRY 8 5 5 4
S -DRONE+FOREST 5 2 9 4
S -DRONE+FORESTRY 3 2 5 5

The number of found publications underline that there is an increasing interesting
on the investigated thematic; the comparison between the two databases show that
WoS is more complete than Scopus. In fact in WoS we found 148 contributions
against 32 in Scopus, for the usual keyword combination UAV+Forest. In
conclusion, the results comparison, for each keywords combination in both
databases, show that Web of Science is the best bibliographic database research
for the explored thematic.



Forest and UAV: a bibliometric review 1367

References

[1] K. Alberts, Landsat data characteristics and holdings. A presentation of
USGS Landsat Ground System Lead, 2012.
http://www.slideserve.com/keahi/landsat-data-characteristics-and-holdings

[2] V. Ambrosia, M. Hutt, K. Lulla, Special issue: unmanned airborne systems
(UAS) for remote sensing applications, Geocarto International, 26 (2011), 69 -
70. http://dx.doi.org/10.1080/10106049.2011.553507

[3] L.A. Arroyo, C. Pascual, J.A. Manzanera, Fire models and methods to map
fuel types: the role of remote sensing, Forest Ecology Management, 256 (2008),
1239 - 1252. http://dx.doi.org/10.1016/j.foreco.2008.06.048

[4] G.P. Asner, D.E. Knapp, E.N. Broadbent, M. Keller, J.N. Silva, Paulo J. C.
Oliveira, Selective logging in the Brazilian Amazon, Science, 310 (2005), 480 -
482. http://dx.doi.org/10.1126/science.1118051

[5] I Blanco, A.S. Anifantis, S. Pascuzzi, G. Scarascia Mugnozza, Hydrogen
and renewable energy sources integrated system for greenhouse heating, Journal
of Agricultural Engineering, 44 (2013).

[6] K. Boubaker, A. Colantoni, E. Allegrini, L. Longo, S. Di Giacinto, D.
Monarca, M. Cecchini, A model for musculoskeletal disorder-related fatigue in
upper limb manipulation during industrial vegetables sorting, International
Journal of industrial ergonomics, 44 (2014), 601 - 605.
http://dx.doi.org/10.1016/j.ergon.2014.03.005

[7] D.S. Boyd, F.M. Danson, Satellite remote sensing of forest resources: three
decades of research development, Progress in Physical Geography, 29 (2005), 1 -
26. http://dx.doi.org/10.1191/0309133305pp432ra

[8] M. Cecchini, A. Colantoni, R. Massantini, D. Monarca, Estimation of the
risks of thermal stress due to the microclimate for manual fruit and vegetable
harvesters in central Italy, Journal of Agricultural Safety and Health, 16 (2010),
141 - 159. http://dx.doi.org/10.13031/2013.32040

[9] S. Di Giacinto, A. Colantoni, M. Cecchini, D. Monarca, R. Moscetti, R.
Massantini, Produzione casearia in ambienti termici vincolati e sicurezza degli
addetti alla produzione, Industrie Alimentari, (2012), no. 530, 5 - 12.

[10] R.O. Dubayah, J.B. Drake, Lidar remote sensing for forestry, Journal of
Forest, 98 (2000), 44-46.


http://www.slideserve.com/keahi/landsat-data-characteristics-and-holdings
http://dx.doi.org/10.1016/j.foreco.2008.06.048
http://dx.doi.org/10.1016/j.ergon.2014.03.005

1368 Filippo Gambella et al.

[11] B. Koch, Status and future of laser scanning, synthetic aperture radar and
hyperspectral remote sensing data for forest biomass assessment, ISPRS Journal
of Photogramm Remote Sensing, 65 (2010), 581 - 590.
http://dx.doi.org/10.1016/j.isprsjprs.2010.09.001

[12] M.A. Lefsky, W.B. Cohen, G.G. Parker, D.J. Harding, Lidar remote sensing
for ecosystem studies, Bioscience, 52 (2002), 19 - 30.
http://dx.doi.org/10.1641/0006-3568(2002)052[0019:Irsfes]2.0.co;2

[13] D.S. Lu, The potential and challenge of remote sensing-based biomass
estimation, International Journal of Remote Sensing, 27 (2006), 1297 - 1328.
http://dx.doi.org/10.1080/01431160500486732

[14] E.H. Lyons, Fixed air-base 70 mm photography, a new tool for forest
sampling, The Forestry Chronicle, 42 (1966), 420 - 431.
http://dx.doi.org/10.5558/tfc42420-4

[15] M.E. Martin, J.D. Aber, High spectral resolution remote sensing of forest
canopy lignin, nitrogen, and ecosystem processes, Ecological Application, 7
(1997), 431 - 443. http://dx.doi.org/10.2307/2269510

[16] A. Marucci, D. Monarca, M. Cecchini, A. Colantoni, S. Di Giacinto, A.
Cappuccini, The heat stress for workers employed in a dairy farm, Journal of
Agricultural Engineering, 44 (2013), 727 - 730.

[17] L. Merino, F. Caballero, J.R. Martinez-de-Dios, M. Ivan, O. Anibal, An
unmanned aircraft system for automatic forest fire monitoring and measurement,
Journal of Intelligence Robotic Systems, 65 (2012), 533 - 548.
http://dx.doi.org/10.1007/s10846-011-9560-x

[18] D. Monarca, M. Cecchini, A. Colantoni, Plant for the production of chips and
pellet: technical and economic aspects of an case study in the central Italy,
Chapter in Computational Science and Its Applications, Springer Berlin
Heidelberg, 2011, 296-306. http://dx.doi.org/10.1007/978-3-642-21898-9_26

[19] S. Pascuzzi, I. Blanco, A.S. Anifantis, G. Scarascia Mugnozza, Hazards
assessment and technical actions due to the production of pressured hydrogen
within a pilot photovoltaic-electrolyzer-fuel cell power system for agricultural
equipment, Journal of Agricultural Engineering, 47 (2016), 88.
http://dx.doi.org/10.4081/jae.2016.507

[20] S. Pascuzzi, F. Santoro, Exposure of farm workers to electromagnetic
radiation from cellular network radio base stations situated on rural agricultural
land, International Journal of Occupational Safety and Ergonomics (JOSE), 21
(2015), 351-358. http://dx.doi.org/10.1080/10803548.2015.1081774


http://dx.doi.org/10.1016/j.isprsjprs.2010.09.001
http://dx.doi.org/10.1641/0006-3568%282002%29052%5b0019:lrsfes%5d2.0.co;2
http://dx.doi.org/10.5558/tfc42420-4
http://dx.doi.org/10.1007/s10846-011-9560-x
http://dx.doi.org/10.1007/978-3-642-21898-9_26
http://dx.doi.org/10.4081/jae.2016.507

Forest and UAV: a bibliometric review 1369

[21] I. Pope, D. Bowen, J. Harbor, G.F. Shao, L. Zanotti, G. Burniske
Deforestation of montane cloud forest in the central highlands of Guatemala:
contributing factors and implications for sustainability in Q’eqchi’ communities,
International Journal of Sustainable Development and World Ecology, 22 (2015),
201 - 212. http://dx.doi.org/10.1080/13504509.2014.998738

[22] G. Russo, A.S. Anifantis, G. Verdiani, G. Scarascia Mugnozza,
Environmental analysis of geothermal heat pump and LPG greenhouse heating
systems, Biosystems Engineering, 127 (2014), 11 - 23.
http://dx.doi.org/10.1016/j.biosystemseng.2014.08.002

[23] M. Shahbazi, J. Théau, P. Ménard, Recent applications of unmanned aerial
imagery in natural resource management, GlScience & Remote Sensing, 51
(2014), 339 - 365. http://dx.doi.org/10.1080/15481603.2014.926650

[24] G.F. Shao, G. Zhao, S.D. Zhao, H.H. Shugart, S.X. Wang, J. Schaller, Forest
cover types derived from Landsat TM imagery for Changbai Mountain area of
China, Canadian Journal of Forest Research, 26 (1996), 206 - 216.

[25] G.F. Shao, Remote sensing, In: Encyclopedia of Environmetrics, 2nd ed.,
A-H. El-Shaarawi, W. Piegorsch (eds), Wiley, Chichester, 2012, 2187 - 2193.

[26] L.N. Tang, G.F. Shao, L.M. Dai, Roles of digital technology in China’s
sustainable forestry development, International Journal of Sustainable
Development and World Ecology, 16 (2009), 94 - 101.
http://dx.doi.org/10.1080/13504500902794000

[27] L.N. Tang, G.F. Shao, Z.J. Piao, L.M. Dai, M.A. Jenkins, S.X. Wang, G.
Wu, J.G. Wu, J.Z. Zhao, Forest degradation deepens around and within protected
areas in East Asia, Biological Conservation, 143 (2010), 1295 - 1298.
http://dx.doi.org/10.1016/j.biocon.2010.01.024

[28] T. Thakur, S.L. Swamy, A.S. Nain, Composition, structure and diversity
characterization of dry tropical forest of Chhattisgarh using satellite data, Journal
of Forestry Research, 25 (2014), 819 - 825.
http://dx.doi.org/10.1007/s11676-014-0486-6

[29] P.M. Treitz, P.J. Howarth, Hyperspectral remote sensing for estimating
biophysical parameters of forest ecosystems, Progress Physical Geography, 23
(1999), 359 - 390. http://dx.doi.org/10.1177/030913339902300303

[30] D.P. Turner, W.B. Cohen, R.E. Kennedy, S. Karin, John M. Briggs,
Relationships between Leaf Area Index and Landsat TM Spectral Vegetation
Indices across Three Temperate Zone Sites, Remote Sensing Environment, 70
(1999), 52 - 68. http://dx.doi.org/10.1016/s0034-4257(99)00057-7


http://dx.doi.org/10.1080/13504509.2014.998738
http://dx.doi.org/10.1016/j.biosystemseng.2014.08.002
http://dx.doi.org/10.1080/15481603.2014.926650
http://dx.doi.org/10.1080/13504500902794000
http://dx.doi.org/10.1016/j.biocon.2010.01.024
http://dx.doi.org/10.1007/s11676-014-0486-6
http://dx.doi.org/10.1016/s0034-4257%2899%2900057-7

1370 Filippo Gambella et al.

[31] M.G. Wing, J. Burnett, J. Sessions, J. Brungardt, V. Cordell, D. Dobler, D.
Wilson, Eyes in the sky: remote sensing technology development using small
unmanned aircraft systems, Journal of Forestry, 111 (2013), 341 - 347.
http://dx.doi.org/10.5849/jof.12-117

[32] M.A. Wulder, C.C. Dymond, J.C. White, D.G. Leckie, A.L. Carroll,
Surveying mountain pine beetle damage of forests: a review of remote sensing
opportunities, Forest Ecology and Management, 221 (2006), 27 - 41.
http://dx.doi.org/10.1016/j.foreco.2005.09.021

[33] H. Zhang, C.Y. Jim, Species adoption for sustainable forestry in Hong
Kong’s degraded countryside, International Journal of Sustainable Development
and World Ecology, 20 (2013), 484 - 503.
http://dx.doi.org/10.1080/13504509.2013.818590

[34] Z.L. Zhu, D.L. Evans, US forest types and predicted percent forest cover

from AVHRR data, Photogrammetric Engineering & Remote Sensing, 60 (1994),
525 - 531.

Received: August 3, 2016; Published: October 3, 2016


http://dx.doi.org/10.5849/jof.12-117
http://dx.doi.org/10.1016/j.foreco.2005.09.021
http://dx.doi.org/10.1080/13504509.2013.818590

