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1  |  INTRODUC TION

Lichens are combinations of two symbiotic organisms, a green alga 
or cyanobacterium and a fungus (Figure 1). They grow in nearly all 
terrestrial ecosystems and survive in habitats which are very dry or 
cold, or too poor in nutrients to maintain vegetation growth. This 
also means that lichens can form biocrusts on versatile surfaces 
such as rocks and soil, or grow as epiphytes on tree bark or even on 
industrial structures. The number of lichen species has been esti-
mated to be ca. 18,000 (Sipman & Aptroot, 2001), yet there are nu-
merous unresolved taxonomic problems related to lichens because 

the concept of species is not always clearly defined, and tropical 
areas have been underexplored in terms of lichen diversity (Feuerer 
& Hawksworth, 2007). Also, the global coverage and biomass of li-
chens is unknown, lichens grow in nearly all of the Earth's terrestrial 
areas, and especially in high latitude areas, lichen species richness is 
higher than that of vascular plant species (Nash, 2008).

Lichens have multiple roles in our environment. For example, 
they provide food for reindeer and caribou (e.g., Bernes et al., 2015), 
have a major role on the energy budget and albedo of high latitude 
areas (e.g., Bernier et al., 2011), form extensive biocrusts in arid areas 
(e.g., Ferrenberg et al., 2015), and serve as ecological indicators of air 
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Abstract
Lichens are combinations of two symbiotic organisms, a green alga or cyanobacterium 
and a fungus. They grow in nearly all terrestrial ecosystems and survive in habitats, 
which are very dry or cold, or too poor in nutrients to maintain vegetation growth. 
Because lichens grow on visible surfaces and exhibit spectral properties, which are 
clearly different from, for example, vegetation, it is possible to distinguish them in re-
mote sensing data. In this first systematic review article on remote sensing of lichens, 
we analyze and summarize which lichen species or genera, and in which habitats and 
geographical regions, have been remotely sensed, and which remote sensing or spec-
troscopic technologies have been used. We found that laboratory or in situ measured 
spectra of over 70 lichen species have been reported to date. We show that studies 
on remote sensing of lichens fall under seven broad themes: (1) collection of lichen 
spectra for quantification of lichen species or characteristics, (2) pollution monitoring 
with lichens as ecological indicators, (3) geological and lithological mapping, (4) desert 
and dryland monitoring, (5) animal habitat monitoring, (6) land cover or vegetation 
mapping, and (7) surface energy budget modeling.
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pollution (e.g., Conti & Cecchetti, 2001). All these applications have 
led to the development methods for measuring and monitoring li-
chen community structures using remote sensing and spectroscopic 
data. Because lichens exhibit spectral properties which are clearly 
different from, for example, vegetation and rock surfaces (Figure 1), 
it is possible to distinguish them in remote sensing data.

In this paper, we review the currently existing scientific litera-
ture related to remote sensing of lichens. More specifically, we re-
port which lichen species, and in which habitats and geographical 
regions, have been remotely sensed, and which remote sensing or 
spectroscopic technologies have been used. Based on the literature 
review, we characterize trends and recurring research themes, and 
point out future perspectives for remote sensing of lichens.

2  |  LITER ATURE SE ARCH

We conducted a literature search in Web of Science using the search 
words “lichen” AND “remote sensing.” The search was extended to 
the entire content of the articles, that is, it was not limited to the 
title, abstract and keywords of the articles. We included only papers 
published in English in peer-reviewed journals until March 2023 (cut-
off-date for article search: 31 March 2023). This search resulted in 
278 articles. We prereviewed the articles to identify which of them 
focused on remote sensing of lichens. Our criteria for including an 
article were that (1) the paper contained explicit results based on 
spectral in situ or laboratory data or remote sensing data of lichens 
or lichen-covered areas, and (2) results contained and discussed 

information directly related to lichens. After the prereview phase, 
148 articles were left for the review. In addition to these articles, 
we included 5 other articles or reports which were relevant to the 
topic but did not show up in the literature search. These were origi-
nal findings or pilot studies of lichen spectroscopy that had been 
published as conference proceedings or technical reports several 
decades ago. A complete list of the reviewed 153 articles (which 
form the basis for the figures and tables in this article) is provided in 
the Appendix S1 even though all of the articles are not cited directly 
in this article's text.

For the articles that were included in the review, we recorded 
and analyzed the following information: geographical location of 
the study site and extent of sampling scheme, names of studied li-
chen species (according to their taxonomic status when the original 
study was published) and their growing habitats, lichen properties 
that had been measured, name of remote sensing (or handheld/lab-
oratory) sensor, and motivation, goals and main conclusions of the 
study. During the analysis of the articles, it became evident that it 
was not possible to record all this information for all studies. For 
example, many articles lacked information on the names of lichen 
species because the goal of the study had been, for example, to map 
lichen cover and not species. Surprisingly, some articles also lacked 
detailed information on the location of study site (coordinates), de-
scription of the growing environment (land cover) of the lichens, or 
the exact name of the remote sensing sensor that had been used. 
Most articles also did not contain data on lichen properties (e.g., 
cover or biomass) but focused merely on the presence or absence of 
lichens in the study area.

F I G U R E  1 Examples of lichens and 
their reflectance spectra (mean spectrum 
for each species), contrasted with 
reflectance spectra of typical surfaces 
that lichens are mixed with in remote 
sensing applications (green vegetation: 
Vaccinium myrtillus, rock: weathered 
granite and granodiorite). The study 
sites and measurement protocols used 
for collecting lichen spectra have been 
reported in Kuusinen et al. (2020) (for 
solid lines, in laboratory conditions) and 
Kuusinen et al. (2023) (for dashed lines, in 
field conditions).
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3  |  LICHEN SPECIES ,  CHAR AC TERISTIC S, 
AND HABITATS IN REMOTE SENSING 
STUDIES

Globally, species belonging to 52 different lichen genera were men-
tioned in the articles (Tables 1 and 2). However, it should be noted 
that only ~35% of the articles included names of lichen species or 
genera, and often the information on the species or genera was not 
explicitly used to analyze or interpret any results. The reasons for 
not including species information are likely related to the difficulties 
in identifying lichen species without expert help and, in some appli-
cations, the fact that species-specific information was not relevant. 
Based on the list of lichen species that have been mentioned in the 
reviewed articles (Table 1), there is a bias toward species that form 

large growths (mats), occur commonly, or which are relatively easily 
identifiable.

High latitude regions (comprising the boreal, tundra and Arctic/
Antarctic zones) represented 75% of the published articles related 
to remote sensing of lichens. Approximately 40% of all studies on 
remote sensing of lichens have been conducted in North American 
areas (Figure 2). In addition, there have been three other active re-
gions for lichen studies: Fennoscandia (i.e., Finland, Norway, Sweden), 
Antarctica and Israel (Figure  2). Studies based on lichen data from 
Africa, Asia, Australia, and South America are currently scarce.

Overall, approximately one-third of the growing habitats for the 
studied lichens were in forest ecosystems, one-third in other types of 
vegetation ecosystems (e.g., open tundra or rangelands), and one-third 
on bare soil, sand, or rock surfaces (Figure 3). Approximately 50% of 
the studies had recorded some in situ information on lichen properties 
instead of merely noting the presence or absence of lichens in an area 
or on a surface. The most common lichen property that had been mea-
sured or visually estimated was lichen cover (in ~25% of the reviewed 
studies, also called e.g., cover percent, fractional cover, projection cover, 
coverage or lichen ground cover in the reviewed articles). In addition, 
lichen biomass, height, moisture content, chemical properties, or other 
ecophysiological indicators had each been measured in ~5% of all 
studies.

TA B L E  1 Lichen species and/or genera in the reviewed articles 
(Appendix S1) in different continents. Note that (i) only ~35% of the 
reviewed articles mentioned explicit information on lichen species/
genus, and (ii) there were no articles reporting lichen species from 
the Asian part of Russia, and thus Russia is included in full as part of 
Europe in this table.

Africa (2 genera)

Psora sp., Diploschistes sp.

Antarctica (13–14 species/12 genera)

Buellia sp., Caloplaca sp., Caloplaca regalis, Haematomma 
erythroma, Himantormia lugubris, Lecanora physciella, Leptogium 
puberulum, Leptogium puberulum, Mastodia tessellata, Nostoc 
commune, Physconia muscigena, Rhizoplaca melanophthalma, 
Usnea sp., Xanthoria elegans

Asia (4 species/4 genera)

Catapyrenium crustosum, Psora decipiens, Ramalina lacera, 
Xanthoparmelia desertorum

Europe (62–66 speciesa/34 genera)

Acarospora nodulosa, Acarospora sp., Alectoria ochroleuca, Buellia 
epigea, Buellia zoharyi, Cetraria hepatizon, Cetraria islandica 
subsp. islandica, Cetraria islandica, Cetraria juniperina, Cetraria 
nivalis, Cladina/Cladonia arbuscula, Cladina/Cladonia rangiferina, 
Cladina/Cladonia stellaris, Cladina/Cladonia uncialis, Cladonia 
arbuscula subsp. squarrosa, Cladonia cornuta subsp. cornuta, 
Cladonia crispata var. crispata, Cladonia crispata, Cladonia 
furcata, Cladonia gracilis subsp. gracilis, Cladonia gracilis subsp. 
turbinata, Cladonia mitis, Cladonia phyllophora, Cladonia uncialis 
subsp. uncialis, Collema cristatum, Cornicularia divergens, 
Diploschistes diacapsis, Diploschistes diacapsis, Diploschistes 
spp., Endocarpon pusillum, Flavocetraria nivalis, Fulgensia 
desertorum, Fulgensia fulgens, Haematomma ventosum, 
Hypogymnia physodes, Lecidea lithophila, Lepraria crassissima, 
Lepraria sp., Lobaria amplissima, Melanelia hepatizon, Nephroma 
arctica, Ophioparma ventosa, Parmelia caperata, Parmelia 
olivacea, Parmelia perlata, Peltigera horizontalis, Peltigera 
leucophelbia, Placidium sp., Placynthium nigrum, Pseudephebe 
pubescens, Psora decipiens, Rhizocarpon sp., Squamarina 
lentigera, Stereocaulon sp., Stereocaulon saxatile, Stereocaulon 
tomentosum, Sticta sylvatica, Teloschistes lacunosus, Teloschistes 
sp., Thamnolia vermicularis, Toninia sedifolia, Umbilicaria arctica, 
Umbilicaria hirsuta, Umbilicaria pustulata, Umbilicaria rigida, 
Umbilicaria spodochroa, Umbilicaria vellea, Xanthoria parmetina

North America (72 species/30 genera)

Alectoria nigricans, Alectoria ochroleuca, Arctoparmelia centrifuga, 
Arctoparmelia incurve, Arctoparmelia separata, Asahinea 
chrysantha, Aspicilia cinerea, Caloplaca cernia, Candelariella 
aurella, Candelaria concolor, Catapyrenium squamulosum, 
Cetraria cucullata, Cetraria cucullate, Cetraria nivalis, Dimelaena 
oriena, Cladina/Cladonia mitis, Cladina/Cladonia rangiferina, 
Cladina/Cladonia stellaris, Cladonia amaurocraea, Cladonia 
arbuscula, Cladonia bacilliformis, Cladonia bellidiflora, Cladonia 
borealis, Cladonia botrytis, Cladonia carneola, Cladonia 
chlorophaea, Cladonia coccifera, Cladonia cyanipes, Cladonia 
deformis, Cladonia metacorallifera, Cladonia pleurota, Cladonia 
scabriuscula, Cladonia squamosa, Cladonia ulphurina, Cladonia 
transcendens, Cladonia uncialis, Collema coccophorum, Collema 
tenax, Dactylina arctica, Flavocetraria cucullata, Flavocetraria 
miniscula, Flavocetraria nivalis, Hypogymnia physodes, 
Lecanora dispersa, Lecanora muralis, Melanelia disjuncta, 
Melanelia septentrionalis, Melanelia sorediata, Melanalia stygia, 
Nephroma arcticum, Ochrolechia frigida, Parmeliopsis ambigua, 
Peltula patellata, Pertusaria sp., Phaeophyscia orbicularis, 
Physcia aipolia, Physcia dubia, Physcia phaea, Physcia caesia, 
Placynthium asperllum, Placynthium nigrum, Rhizocarpon 
bolanderi, Rhizocarpon geminatum, Rhizocarpon geographicum, 
Rhizocarpon geographicum, Rinodina turfacea, Scoliciosporum 
chloroccum, Sphaerophorus globosus, Thamnolia subuliformis, 
Umbilicaria deusta, Umbilicaria muehlenbergii, Umbilicaria 
torrefacta

South America (7 species/7 genera)

Acarospora cf. gypsi-deserti, Buellia sp., Caloplaca santessoniana, 
Placidium cf. velebiticum, Pleopsidium chlorophanum, Rinodina 
sp., Stereocaulon sp.

aThe number varies because species classification has changed after the 
studies were conducted.

TA B L E  1 (Continued)
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TA B L E  2 Summary of lichen species which have had their 
spectral properties measured.

Species Reference

Acarospora cf. 
gypsi-deserti

Lehnert et al. (2018)

Alectoria ochroleuca Gauslaa (1984), Petzold and 
Goward (1988)

Arctoparmelia 
centrifuga

Morison et al. (2014)

Aspicilia cinerea Bechtel et al. (2002)

Buellia sp. Casanovas et al. (2015)

Caloplaca sp. Casanovas et al. (2015)

Caloplaca 
santessoniana

Lehnert et al. (2018)

Candelariella aurella Morison et al. (2014)

Candelaria concolor Morison et al. (2014)

Cetraria ericetorum Petzold and Goward (1988)

Cetraria hepatizon Gauslaa (1984)

Cetraria islandica Granlund et al. (2018), Kaasalainen 
and Rautiainen (2005), Kuusinen 
et al. (2020, 2023), Nordberg and 
Allard (2014)

Cetraria juniperina Gauslaa (1984)

Cetraria nivalis Gauslaa (1984), Petzold and 
Goward (1988), Rees et al. (2004)

Cladonia arbuscula Granlund et al. (2018), Kaasalainen 
and Rautiainen (2005), Kuusinen 
et al. (2020, 2023), Nordberg and 
Allard (2014), Rees et al. (2004)

Cladonia crispata Kuusinen et al. (2020, 2023), Rees 
et al. (2004)

Cladonia cornuta 
subsp. cornuta

Kuusinen et al. (2020)

Cladonia gracilis subsp. 
gracilis

Kuusinen et al. (2020)

Cladonia gracilis subsp. 
turbinata

Kuusinen et al. (2020)

Cladonia furcata Kaasalainen and Rautiainen (2005)

Cladonia phyllophora Kuusinen et al. (2020)

Cladonia rangiferina Granlund et al. (2018), Kaasalainen 
and Rautiainen (2005), Kuusinen 
et al. (2020, 2023), Neta et al. (2010), 
Neta et al. (2011), Nordberg and 
Allard (2014), Peltoniemi et al. (2005)

Cladonia stellaris Bubier et al. (1997), Gauslaa (1984), 
Granlund et al. (2018), Kaasalainen 
and Rautiainen (2005), Kushida 
et al. (2004), Kuusinen et al. (2020, 
2023), Neta et al. (2010, 2011), 
Nordberg and Allard (2014), 
Peltoniemi et al. (2005), Petzold and 
Goward (1988), Solheim et al. (2000)

Cladonia uncialis Granlund et al. (2018), Kuusinen 
et al. (2020, 2023), Rees et al. (2004)

Species Reference

Cornicularia divergens Gauslaa (1984)

Dimelaena oriena Morison et al. (2014)

Flavocetraria nivalis Granlund et al. (2018), Solheim 
et al. (2000)

Haematomma 
ventosum

Gauslaa (1984)

Hypogymnia physodes Kaasalainen and Rautiainen (2005)

Lecanora dispersa Morison et al. (2014)

Lecanora muralis Morison et al. (2014)

Lecidea lithophila Rees et al. (2004)

Leptogium puberulum Milos et al. (2018)

Lobaria amplissima Gauslaa (1984)

Melanelia disjuncta Morison et al. (2014)

Melanelia hepatizon Rees et al. (2004)

Melania stygia Morison et al. (2014)

Nephroma arctica Gauslaa (1984), Rees et al. (2004)

Nostoc commune Milos et al. (2018)

Ophioparma ventosa Rees et al. (2004)

Parmelia caperata Gauslaa (1984)

Parmelia olivacea Gauslaa (1984)

Parmelia perlata Gauslaa (1984)

Peltigera horizontalis Gauslaa (1984)

Peltigera leucophelbia Gauslaa (1984)

Physcia caesia Morison et al. (2014)

Physconia muscigena Milos et al. (2018)

Placidium cf. 
velebiticum

Lehnert et al. (2018)

Placynthium asperllum Morison et al. (2014)

Placynthium nigrum Morison et al. (2014)

Pseudephebe pubescens Gauslaa (1984)

Rhizocarpon sp. Rees et al. (2004)

Rhizocarpon bolanderi Bechtel et al. (2002)

Rhizocarpon geminatum Bechtel et al. (2002)

Rhizocarpon 
geographicum

Bechtel et al. (2002), Morison et al. (2014)

Rhizoplaca 
melanophthalma

Milos et al. (2018)

Rinodina sp. Lehnert et al. (2018)

Stereocaulon sp. Granlund et al. (2018), Rees et al. (2004)

Stereocaulon paschale Petzold and Goward (1988)

Stereocaulon saxatile Kuusinen et al. (2020), Nordberg and 
Allard (2014)

Stereocaulon 
tomentosum

Kuusinen et al. (2020)

Sticta sylvatica Gauslaa (1984)

Thamnolia vermicularis Gauslaa (1984)

Umbilicaria arctica Gauslaa (1984)

TA B L E  2 (Continued)
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4  |  T YPES OF REMOTE SENSING DATA IN 
LICHEN-REL ATED STUDIES

Remote sensing of lichens has been conducted at various spatial 
scales using different types of sensors (Figure 4). Approximately half 
of the published studies have used optical satellite data, one-fourth 
of the studies have used airborne (aircraft or helicopter based) data 
and under 5% of studies have utilized data acquired by sensors on 
unoccupied aerial vehicles (UAV). Nearly all studies have applied 
passive optical remote sensing techniques, but there are a couple 
of exceptions of using active remote sensing technologies where 
LiDAR (Kaasalainen & Rautiainen, 2005; Korpela, 2008; Moeslund 
et  al.,  2019) or an active normalized difference vegetation index 
(NDVI) sensor (Erlandsson et al., 2023) have been employed. Spectral 
reference data (or close-range remote sensing data) of lichen sam-
ples or entire communities have been collected in laboratory or field 
conditions in about 30% and 40% of the articles, respectively.

In satellite remote sensing, medium spatial resolution sensors have 
been commonly used, with multispectral data from Landsat mission 
sensors being the most frequently applied (Figure 4). For example, in 
applications related to monitoring lichens in reindeer or caribou habi-
tats or lichens as bioindicators of pollution, mainly Landsat data have 
been used. Multispectral satellite data from Sentinel-2 MSI and ASTER, 
and hyperspectral satellite data from Hyperion have been used in a 
much lesser extent in all applications. Very high spatial resolution sat-
ellite data (from KOMPSAT-3, SPOT-5, Worldview-2, Quickbird) have 
been applied in under 10% of the studies, and mainly in the highest 
latitudes. In airborne studies, conventional aerial images have been the 
most common data source but also hyperspectral sensors (e.g., CASI, 
SASI, APEX, AVIRIS, and AISA family sensors) have been used in about 
10% of the studies. Most studies applying airborne hyperspectral data 
have been related to geological or lithological mapping or monitoring 
of dry areas. In laboratory and field measurements, ASD FieldSpec se-
ries spectrometers (~30 studies), GER series spectrometers (11 stud-
ies), Li-COR Li-1800 (~10 studies) and Ocean Optics S2000 (~5 studies) 
have been the most commonly used instruments for collecting spectral 
reference data of lichens. In addition, 22 other spectral measurement 
devices have been applied, typically in single studies.

There are also some geographical trends in the use of differ-
ent remote sensing techniques in lichen related studies (Figure 2b). 
Whereas satellite and airborne remote sensing data have been uti-
lized in nearly all regions, the largest number of close-range remote 
sensing studies where laboratory or field spectra of lichens have 
been measured have been conducted in northern areas (Canada, 
USA, and Finland), and UAV-based studies have also been limited to 
high latitude areas (Canada, USA, Finland, and Antarctica).

5  |  RECURRING THEMES IN STUDIES ON 
REMOTE SENSING OF LICHENS

5.1  |  General trends in remote sensing of lichens

The first paper related to remote sensing (spectroscopy) of lichens to 
our knowledge was published in 1947 (Krinov, 1947) as a small part 
of a compilation work on the spectral properties of natural surfaces. 
However, before the mid-1990s, there were only a few studies on 
remote sensing or spectral properties of lichens (Figure 5). Lichens 
have gradually grabbed the interest of the remote sensing commu-
nity, and approximately 50% of the studies on lichens have been 
published within the past 10 years. The studies on remote sensing 
of lichens fall under seven broad themes: (1) spectral measurements 
for lichen identification and characterization, (2) pollution monitor-
ing with lichens as ecological indicators, (3) geological and lithologi-
cal mapping, (4) desert and dryland monitoring, (5) animal habitat 
monitoring, (6) extensive land cover or vegetation mapping, and (7) 
energy and carbon budget modeling.

Early studies, published in 1970s and 1980s, were related to li-
chen spectra, energy and carbon cycle modeling, and geological and 
lithological mapping (Figure 5). During the 1990s, the range of topics 
in remote of lichens widened considerably also to include quantifi-
cation of lichen properties, and monitoring of animal habitats, dry-
lands, and deserts. A popular theme in the late 1990s was related to 
the use of lichens in pollution monitoring, especially in Russia and 
Israel. In the beginning of the new millennium, the pollution monitor-
ing theme continued still for a few more years alongside all the other 
themes. As global vegetation and land cover products became read-
ily available, a clear increase in the number of studies reporting also 
results related to lichen covered areas was observed. In the early 
2010s, a boom in the number of geological and lithological mapping 
papers occurred, and it was followed by an increase in the number 
of studies related to detailed quantification of lichen properties and 
applications in dryland and desert monitoring. In the next subsec-
tions, we will review in more detail studies related to these seven 
themes.

5.2  |  Spectral measurements for lichen 
identification and characterization

The earliest documentation on the general spectral properties of li-
chens was part of compilation reports on the reflectance properties 

Species Reference

Umbilicaria deusta Morison et al. (2014)

Umbilicaria hirsuta Gauslaa (1984)

Umbilicaria pustulata Gauslaa (1984)

Umbilicaria rigida Gauslaa (1984)

Umbilicaria spodochroa Gauslaa (1984)

Umbilicaria torrefacta Bechtel et al. (2002)

Umbilicaria vellea Gauslaa (1984)

Usnea sp. Casanovas et al. (2015)

Xanthoria elegans Milos et al. (2018)

Xanthoria parmetina Gauslaa (1984)

TA B L E  2 (Continued)
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6 of 16  |     RAUTIAINEN et al.

F I G U R E  3 The proportions of growing habitats of lichens present in the reviewed studies. The photographs show examples of lichens 
in different environments. Upper left corner: Biological soil crust (Photo credit: United States Fish and Wildlife Service (Tom Koerner), 
licensed under the Creative Commons Attribution 2.0 Generic license). Upper right corner: Lichens forming large mats on boreal forest floor. 
Lower right corner: A caribou grazing on lichens (Photo credit: Bering Land Bridge National Preserve, licensed under the Creative Commons 
Attribution 2.0 Generic license).

F I G U R E  2 Geographical distribution 
of studies related to remote sensing of 
lichens. (a) Approximate locations of 
study areas in articles related to remote 
sensing of lichens. (b) Numbers of articles 
reporting remote sensing of lichens using 
different remote sensing platforms.
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of natural surfaces based on field spectroscopy (Krinov,  1947; 
Steiner & Gutermann,  1966) and did not include detailed descrip-
tions of the measurement conditions or environments. Since 1984, 
laboratory or in  situ measured spectra of over 70 lichen species 

have been published (Table 2), excluding pooled species spectra and 
spectra of unidentified lichens. Often, the motivation for measuring 
and publishing lichen spectra has been the need to investigate and 
understand the spectral properties of lichens so that the informa-
tion could be further used to discriminate between lichen species or 
lichens from other substrates, or to estimate the response of lichens' 
spectral reflectance to environmental change. Limitations and un-
certainties in the reported lichen spectra are related to measure-
ment conditions: often information on lichen moisture content or a 
qualitative description of wetness/dryness of lichens and illumina-
tion conditions are missing.

Intra- and interspecific differences in lichen spectra have been 
studied by Gauslaa  (1984), Ager and Milton  (1987), Petzold and 
Goward  (1988), Bechtel et  al.  (2002), Rees et al.  (2004), Morison 
et al. (2014), and Kuusinen et al. (2020). Some of these studies also 
include in-depth discussion about the possible reasons for variation 
in lichens' spectral characteristics, including the apparent color of 
lichens, lichen substances (secondary compounds produced by the 
mycobiont) composition, habitat (sunlit, shaded), moisture content, 
and growth form. A synthesis of these studies (see also Figure 1) 
shows that there are notable differences in the spectral proper-
ties of lichen species. For example, different Cladonia sp. lichens 
can have up to twofold differences in their reflectances in the 
near-infrared region in similar measurement conditions (Kuusinen 
et al., 2020).

Gauslaa  (1984) and Rees et  al.  (2004) suggested that differ-
ent lichen species could be best separated using the near-infrared 
region while Kuusinen et al.  (2020) found the interspecific varia-
tion in lichens' spectra to be strongest in the ultraviolet and visi-
ble spectral regions. However, the spectral indices suggested for 
discrimination of some lichen species typically include spectral 
bands from the visible to shortwave infrared (Bechtel et al., 2002; 
Kuusinen et al., 2020). Additionally, Rees et al. (2004) observed the 
shortwave infrared region beyond water absorption at 1940 nm 
to be useful for discrimination between fruticose and crustose 
lichens.

The anisotropy of lichens' reflectance spectra has been stud-
ied by Solheim et  al.  (2000), Kaasalainen and Rautiainen  (2005), 
Peltoniemi et al. (2005), and Kuusinen et al. (2020). All these stud-
ies observed that lichens scatter strongly in the illumination direc-
tion. Hence, this should be accounted for when interpreting remote 
sensing data (Kuusinen et al., 2023). This anisotropy information has 
been successfully exploited in a study that tested the use of inten-
sity data from airborne discrete-return LiDAR to map forest floor 
Cladina (Cladonia) cover (Korpela, 2008).

The possibility to separate lichens from vascular plants, mosses, 
or rocks has been discussed in a few studies that have collected 
lichen spectra. The spectra of lichens have been found to deviate 
most from those of vascular plants or mosses in the visible and near-
infrared spectral regions (Ager & Milton, 1987; Bubier et al., 1997; 
Petzold & Goward, 1988) (see also Figure 1). Bechtel et al.  (2002) 
and Zhang et al. (2005) suggested to use a single (normalized) lichen 

F I G U R E  4 Platforms and sensors (applying data from visible, 
near-infrared and shortwave infrared spectral regions) used in 
peer-reviewed articles reporting studies on remote sensing of 
lichens before April 2023. The upper figure shows numbers of 
articles using different satellite and airborne platforms, and the 
lower figure shows in detail the numbers of articles utilizing 
different medium spatial satellite sensors (spatial resolution 
10–100 m) to sense lichens. Other sensor types are not shown as 
a separate figure because the number of studies per sensor was 
often only one or two. We report them in the following. Coarse 
spatial resolution satellite sensors included AVHRR and MODIS 
(spatial resolution > 100 m). Very-high spatial resolution satellite 
sensors were World-view-2, Quickbird, KOMPSAT-3 and SPOT-5 
(spatial resolution < 10 m). Airborne sensors included single studies 
utilizing traditional aerial photos, CASI and/or SASI, SEBASS, AISA 
Eagle/Hawk/Dual, APEX, AVIRIS, Probe-1, Riegl LMS-680i, Optech 
ALTM3100, or Leica ALS50-II. Drone sensors included unnamed 
RGB cameras, Ocean Optics FLAME, Canon EOS M6 and S110 NIR 
adapted, Parrot Sequoia, and Senop Rikola Hyperspectral Imager.
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8 of 16  |     RAUTIAINEN et al.

endmember in the shortwave infrared region to separate different 
lichen species from rock. Ager and Milton  (1987) also noticed ab-
sorption features occurring mainly in the shortwave infrared to be 
useful for recognizing lichen presence on rocks.

Lichens' water status is directly dependent on the environmental 
conditions (Nash, 2008), and the water content of lichens can change 
within minutes due to rain (Larson, 1987). Thus, relating lichens' re-
flectance spectra to their moisture content has been motivated by 
monitoring short-term changes in local hydrologic conditions (Neta 
et al., 2010, 2011) or the photosynthetic status of lichens (Lehnert 
et al., 2018; Milos et al., 2018). For instance, Lehnert et al.  (2018) 
noticed that the recovery in photosynthesis after watering two 
crustose chlorolichen species could be detected from the water 
absorption feature at 1420 nm. The response of lichen spectra to 
their changing moisture content has been observed to vary between 
species and even between studies. However, the most prominent 
effect of drying is generally to increase lichen reflectance in the 
shortwave infrared spectral range (Gauslaa, 1984; Granlund et al., 
2018; Kuusinen et al., 2020; Lehnert et al., 2018; Neta et al., 2010, 
2011; Nordberg & Allard, 2014; Rees et al., 2004). In the visible and 
near-infrared regions, on the other hand, the differences between 
moist and dry lichens have been reported to vary between species 
(e.g., Kuusinen et al., 2020). Thus, understanding variation related to 
moisture content is critical in remote sensing and climate modeling 
applications of lichens. From a practical remote sensing perspec-
tive, spectral indices for estimating lichens' moisture content have 
been tested and developed by Neta et  al.  (2010, 2011), Granlund 
et al. (2018) and Milos et al. (2018).

5.3  |  Lichens as bioindicators in 
pollution monitoring

The idea of using lichens as bioindicators of air pollution was 
brought forward already in the 19th century by a leading lichenolo-
gist, William Nylander (Vitikainen, 2001), but using changes in the 
spectral properties of lichens to monitor pollution levels is a much 
more recent idea. In the late 1990s and early 2000s, a set of arti-
cles was published by Garty and his team on how air pollution influ-
ences, for example, the spectral properties of epiphyte lichens in 
trees in an industrial region and a national park forest area in Israel. 
Based on laboratory measurements, they analyzed how pollution in 
the lichens' habitat was related to the lichens' spectral reflectance, 
as well as photosynthesis and chlorophyll integrity (Garty, Tamir, 
et al., 2001), various physiological parameters (Garty, Cohen, Kloog, 
& Karnieli, 1997; Garty, Karnieli, Wolfson, et al., 1997; Garty, Kloog, 
Cohen, et al., 1997), and production of stress-ethylene (Garty, Kloog, 
Wolfson, et  al., 1997). The spectral response measurements were 
limited to examining the normalized difference vegetation index 
(NDVI). From a remote sensing perspective, the authors concluded 
that NDVI can detect early signs of pollutant-induced stress for an 
epiphyte lichen species (Ramalina lacera, previously also known as 
R. duriaei).

A more detailed study on signatures of heavy metal complexes in 
lichen reflectance spectra was carried out in the proximity of a nickel 
smelter in Canada (Regan et al., 2016). Elemental concentrations of 
primary metals emitted by the smelter (Ni, Cu, Fe, Pb, Cd) and the re-
flectance spectra (350–2500 nm) of samples from 11 lichen species 

F I G U R E  5 Trends in research related 
to remote sensing of lichens: how 
the number of published articles has 
developed (lower figure) and which 
themes the articles have focused on 
during each year (upper figure). The size 
of the circle (upper figure) refers to the 
number of published articles.
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(located at different distances from the smelter) were measured in a 
laboratory. The study showed that, across lichen species, there were 
no spectral differences or absorption features attributable to spe-
cific metal complexes in lichens. The authors concluded that includ-
ing multiple lichen species in such an analysis may have complicated 
interpreting the results because different lichen species may interact 
with airborne pollutants in different ways, and that undetermined 
microenvironmental effects may also have influenced the results. 
Overall, the results indicated that within-species, within-genus and 
spatial (within-site) variation in lichen spectra can be so large that 
significantly more extensive sampling would need to be conducted 
to make more certain conclusions about the connections between 
heavy metal concentrations and spectral properties of lichens.

Geographically extensive, satellite-based monitoring of the im-
pact of pollution on lichens has mainly been carried out in northern 
Russia (e.g., Kola peninsula, Vorkuta) and areas in northern Norway 
(e.g., Varanger peninsula) using classification of Landsat MSS and 
TM data. These studies have been motivated by one of the largest 
sources of air pollutants in the Arctic area, the mining and metallur-
gical industry of the Kola Peninsula. In all the studies, field data on 
lichens (and vegetation) for large areas have been linked to satellite 
images to show that the damage of lichen/vegetation communities 
caused by atmospheric pollution can be assessed through satellite 
data (Rees & Williams, 1997; Tømmervik et al., 1995, 1998; Virtanen 
et al., 2002). The significant step forward shown by all these stud-
ies was that including Landsat data allowed a more spatially explicit 
analysis of the effects of pollution than the traditional in situ mon-
itoring networks in the areas. Even though Tømmervik et al. (1998) 
suggested already 25 years ago that similar studies should be carried 
out using future remote sensing data sets which have higher spatial, 
spectral, and temporal resolutions, such studies have not been pub-
lished to our knowledge in the context of lichen monitoring. This is 
perhaps because the topicality of the research theme in the area has 
gradually diminished due to the decrease in pollutants in the region 
after the 1990s (Paatero et al., 2008).

5.4  |  Role of lichens in geological and 
lithological mapping

Lichens growing on rock outcrops in nonrandom patterns, pose chal-
lenges for identifying minerals in geological mapping. This is espe-
cially a challenge in high latitude areas where lichens are abundant 
because they are well adapted to extreme environmental conditions. 
The mixing of spectral features of lichens and rocks can result in 
difficulties to identify spectral absorption features of minerals be-
cause lichens influence the spectral features of rocks notably. In the 
vast field of remote sensing applications in geology, the analysis of 
spectral properties of lichens forms a very small niche and covers 
fewer than 20 published articles. Most studies have been conducted 
in Canada but there are also a few from e.g., Greenland, Antarctica, 
Spain, Poland, Norway, and Scotland.

Laboratory spectroscopy studies have been conducted to under-
stand how lichen cover influences the spectral properties of vari-
ous minerals at wavelengths from approximately 400 to 2500 nm 
(e.g., Bechtel et al., 2002; Laakso et al., 2016; Morison et al., 2014; 
Rollin et al., 1994; Salehi et al., 2017; Zhang et al., 2005). The pres-
ence of lichens has been shown to influence specific absorption 
features of rocks as well as their spectral signatures' overall shape 
(Rollin et  al.,  1994). Already the earliest work demonstrated that 
lichen cover can either increase or decrease the spectral reflec-
tance or even have no effect on the spectral properties of a rock 
in the wavelength region 400–1100 nm (Satterwhite et al., 1985). In 
a quantitative study covering a more extensive wavelength region 
(400–2500 nm), a 30% lichen cover on flat rocks (slate, hornfels) and 
a 60%–80% lichen cover on granite was shown to block the spec-
tral signature of the rock (Ager & Milton, 1987). On the other hand, 
rock surfaces can be viewed to interfere with the discrimination or 
mapping of lichen species (Morison et al., 2014)—this highlights that 
the interference to the interpretation of the spectral signal can be 
viewed to be caused either by lichens or rocks, depending on the ap-
plication. In the reviewed papers, lichen species had been identified 
in less than 50% of the articles related to geological applications, 
indicating that the presence or cover percentage of lichens on rocks 
was more important information than other qualities of the lichens.

The goal of the laboratory studies has often been to provide 
the scientific basis for future hyperspectral remote sensing appli-
cations, usually conducted at local or regional scale at either visible, 
near infrared and shortwave infrared (390–2400 nm) (e.g., Laakso 
et al., 2016) or longwave infrared (3–14 μm) (Feng et al., 2013) re-
gions. Different forms of spectral unmixing have been the most 
common analysis method for separating components contributing to 
the spectral signal of a lichen-substrate/rock mixture (e.g., Morison 
et al., 2014; Rivard et al., 2009; Zhang et al., 2004, 2005). The rel-
atively good performance of linear mixture models in lichen/rock 
mixtures is based on the high optical thickness of the lichen layer 
(i.e., no photons pass through it), and thus, the spectral reflectance 
of lichen versus rock is linearly weighted with their respective cover 
(Bechtel et al., 2002). The basic understanding of spectral properties 
of lichens has been applied in, for example, the development of a 
spectral index that can been used to monitor the spatial–temporal 
development of lichen cover on lava surfaces (Li et al., 2015).

5.5  |  Monitoring lichens and biocrusts in 
deserts and drylands

Drylands around the world are often covered by biocrusts, and one 
component of biocrusts is lichens. The biocrusts have a critical role 
in for example, protecting arid surfaces from erosion and controlling 
their water regimes, and thus changes in biocrust cover and charac-
teristics are linked to, for example, desertification processes. In this 
section, we use the term “biocrust” rather than lichen, because many 
of the reviewed studies reporting results from arid and semiarid 
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regions do not make a clear distinction in reporting results for differ-
ent types of biocrusts.

Basic reflectance characteristics of biocrusts were reported in 
the 1980s as part of geological applications (Ager & Milton,  1987; 
Jacobberger, 1989). Later, in  situ or laboratory spectral data on bi-
ocrusts from arid and semiarid areas have been collected in several 
studies—either to support the interpretation of remote sensing data 
or to comprehend the spectral characteristics of biocrusts and factors 
influencing them in detail (Blanco-Sacristan et al., 2019; Karnieli, 1997; 
Karnieli et  al.,  1996; Karnieli & Tsoar,  1995; Lehnert et  al.,  2018; 
O'Neill,  1993; Potter & Weigand,  2018; Rodriguez-Caballero 
et al., 2015; Roman et al., 2019; Yamano et al., 2006). In situ hyperspec-
tral data spectra have also been reported as useful for mapping lichens 
and cyanobacteria in a desert even it was not possible to separate in 
detail different components of the biocrusts (Ustin et al., 2009).

The first studies on mapping desert biocrusts using remote sens-
ing data were conducted with Landsat-3 MSS images in Southern 
Africa (Namib Desert) (Wessels & van Vuuren, 1986) and with ae-
rial photography in the border zone of Israel-Egypt (Karnieli & 
Tsoar, 1995). Later studies from arid areas have examined the po-
tential of multispectral indices calculated from Sentinel-2 MSI and 
Landsat 7 ETM+ to map biocrusts in China and South Africa (Chen 
et al., 2005; Rodriguez-Caballero et al., 2022; Wang et al., 2022). In 
addition, in the advent of new spaceborne hyperspectral missions, 
the applicability of airborne hyperspectral data in monitoring dry-
land biocrusts has been assessed in Spain and South Africa (e.g., 
Rodriguez-Caballero, Escribano, et  al.,  2017; Rodriguez-Caballero, 
Paul, et al., 2017; Weber et al., 2008). Overall, both multi- and hy-
perspectral indices have shown potential in mapping biocrusts. 
However, a comparison of multi- and hyperspectral indices indicated 
that often high spectral resolution data would be needed for dis-
tinguishing biocrusts from the other surface materials (Rodriguez-
Caballero, Escribano, et al., 2017).

5.6  |  Lichens as part of animal habitat monitoring

A key motivation for mapping changes in lichen cover in northern 
areas of Fennoscandia, Canada, and the United States has been re-
lated to monitoring summer and winter pastures (grazing grounds) 
of reindeer and caribou—these animals feed on lichens. Through 
estimates of lichen cover, remote sensing can also provide a tool 
for participatory management for reindeer herders and their stake-
holders (Sandstrom et al., 2003). The earliest studies in this specific 
context were conducted in the 1980s using Landsat-5 TM images 
to map areas where lichen cover had changed due to reindeer 
grazing in northern Fennoscandia (Johansen & Tømmervik, 1990; 
Väre et al., 1996). To date, medium resolution satellite data mainly 
from Landsat sensors (5 TM, 7 ETM+ and 8 OLI) have been used 
for estimating lichen biomass (e.g., Colpaert et al., 2003, Colpaert 
& Kumpula,  2012; Erlandsson et  al., 2023; Silva et  al.,  2019) or 
volume (Falldorf et  al.,  2014). However, more commonly, lichen 
cover has been mapped using Landsat (e.g., Gilichinsky et al., 2011; 

Macander et al., 2020; Nelson et al., 2013; Nordberg & Allard, 2014; 
Theau et al., 2005; Theau & Duguay, 2004) or SPOT-5 (Gilichinsky 
et  al.,  2011) data. High spatial resolution satellite data have not 
been widely used, except for KOMPSAT-3 data in a single study 
to map lichen cover and biomass for a site in Canada (Hillman & 
Nielsen,  2020). Different types of statistical and deep learning 
methods (e.g., spectral indices, generalized linear mixed-effect mod-
els, enhancement-classification, neural networks) and semiphysical 
methods (spectral mixture analysis) have been tested for estimat-
ing lichen cover or biomass, all relying on the special spectral fea-
tures of lichens, which enable separating them from the surrounding 
green vegetation (see Section 5.2., and Figure 1).

Data collected by sensors onboard unoccupied aerial vehicles 
(UAV) have recently emerged also in lichen mapping. Lichen cover 
has been estimated for caribou areas in Canada and the United 
States based on UAV data using random forest models (Macander 
et al., 2020), various machine learning methods (He et al., 2021) and 
neural networks (Jozdani, Chen, Chen, Leblanc, Lovitt, et al., 2021a, 
Jozdani, Chen, Chen, Leblanc, Prevost, et  al.,  2021b; Richardson 
et al., 2021). While UAV data cannot be used to cover fully the ex-
tensive areas where reindeer and caribou herd, it can serve as part of 
a multiscale remote sensing framework which incorporates satellite 
and ground reference data as well as UAV data.

In addition to lichen mapping related to the caribou and reindeer 
grazing areas, Landsat-based environmental variables, including 
lichen cover, have also been tested as part of developing denning 
habitat models for polar bears by Richardson et al., 2005. Based on 
their modeling, polar bears have been observed to den close to well-
drained, lichen-dominated areas, which appear “brighter” than the 
surrounding vegetation in remote sensing data.

5.7  |  Lichens as part of spaceborne land cover and 
vegetation mapping in high latitudes

Lichens are included as a separate land surface class (or environmen-
tal variable) in approximately 40 articles related to vegetation moni-
toring in high latitudes (Fennoscandia, Canada, the United States, 
Antarctica, Russia) using multispectral satellite data. In these stud-
ies, lichens or descriptors of their coverage have often not been the 
sole focus of the research but rather one variable of interest among 
many, and only some papers report results or maps specifically on 
areas covered by lichens.

Separating lichens from their surrounding vegetation in optical 
remote sensing data in sub-Arctic, Arctic, and tundra environments 
is based on the highly different spectral profile of, for example, 
common Cladonia lichens from other land surface types present 
(Rautiainen et al., 2007). Lichens have been included in the analyses 
of coarse spatial resolution mapping of northern vegetation and its 
phenology using AVHRR (e.g., Gamon et al., 2013) and MODIS data 
(e.g., Jia et  al.,  2009). More common data sources for mapping or 
monitoring lichens among other land surface types have been me-
dium spatial resolution Landsat (e.g., Beck et  al.,  2015; Casanovas 
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et  al.,  2015; Gilichinsky et  al.,  2011; Johansen & Karlsen,  2005; 
Macander et al., 2017; Nill et al., 2022; Orndahl et al., 2022; Smith 
et  al.,  2015; Tømmervik et  al.,  2003, 2004) and Sentinel-2 sensors 
(e.g., Sotille et al., 2020). High spatial resolution satellite data, on the 
other hand, have been tested using Quickbird and WorldView sensors 
(e.g., Juutinen et al., 2017; Langford et al., 2016; Waser et al., 2007). 
To date, hyperspectral satellite (Huemmrich et al., 2013) and airborne 
data (Kuusinen et al., 2023) have been used clearly less than multi-
spectral data to map lichens even though they have shown promising 
results for separating lichens from other land surface classes.

5.8  |  Spectral data on lichens in energy and carbon 
budget modeling

Land surface types (including vegetation and lichens) have a cen-
tral role in the climate system as changes in their cover fractions 
alter the radiative and nonradiative properties of Earth (Duveiller 
et  al.,  2018). While model-based studies have been extensively 
used to investigate the land–climate interactions (e.g., Feddema 
et  al.,  2005), the representation of many biophysical properties 
(such as lichen cover) in land surface models is still incomplete 
(e.g., de Noblet-Ducoudré et al., 2012) even though lichens cover 
extensive areas in the high latitudes. Furthermore, the radiation 
balance of ecosystems, which have an abundant lichen or biocrust 
cover, such as subarctic tundra-forests (Duguay et al., 1999) and 
drylands (Rodriguez-Caballero et al., 2015), depends highly on sur-
face wetness and phenology.

Even though the importance of including spectral remote sensing 
data of lichens in surface energy budget estimation was acknowl-
edged already nearly four decades ago (Petzold & Goward,  1988), 
there are fewer than 10 articles which explicitly include spectral re-
flectance or albedo data of lichens in the context of energy or carbon 
budget modeling. Moreover, there is a lack of spatial data needed as 
input for land surface modeling: only predicted maps of bryophyte 
and lichen cover are available. Creating such maps is not trivial; for 
example, Rapalee et  al.  (2001) used Landsat TM to map moss and 
lichen cover in central Canada. Although they also used AVHRR data, 
lichen land cover could understandably not be mapped at 1 km spatial 
resolution. Furthermore, Porada et al.  (2016) used a process-based 
global land surface model JSBACH (Jena Scheme for Biosphere–
Atmosphere Coupling in Hamburg) to predict lichen (and bryophyte) 
growth. Their results indicated that lichens and bryophytes have 
a significant impact on soil temperature in high latitudes, and that 
process-based models are needed to reach realistic descriptions of 
their thermal properties. However, reliable maps on lichen cover 
based on remote sensing data would be required as input.

A concrete example of how remotely sensed data on the broad-
band spectral properties (albedo) of lichens can be applied in energy 
budget modeling is reported in the paper by Bernier et  al.  (2011), 
which looked at the climate change feedback that would result from 
the creation of open lichen woodlands in the closed-canopy spruce 
forests. They investigated whether the increase in reflectance might 

compensate for the CO2 emissions from forest fires in terms of radi-
ative forcing. The study was based on albedo estimates from multi-
year MODIS imagery and incoming solar radiation in combination 
with forest biomass estimates for eastern Canada. Their results 
showed that the net radiative forcing effect from closed-canopy co-
niferous forests to open lichen woodlands would generate a cooling 
effect in the atmosphere.

Recently, a land surface model (E3SM Land Model, ELM) was 
configured for nine Arctic-specific plant functional types (PFT, i.e., 
mosses, lichens, graminoids, and shrubs of different height classes 
and leaf habits) (Sulman et al., 2021). Even though this model con-
figuration did not explicitly use spectral data on lichens, simula-
tions through 2100 using the RCP8.5 climate scenario revealed that 
lichen-dominated communities may be expected to gain less bio-
mass compared to other PFTs. Further on, there is some evidence 
that shrubification (i.e., shift from a lichen heath to shrub vegetation) 
might lead to an average increase in atmospheric heating in arctic 
areas (Aartsma et  al.,  2021). Aartsma et  al.  (2021) found out that 
the daily net radiation of lichens was on average 26% lower than for 
shrubs during the growing season in alpine mountain area in south-
ern Norway due to a higher albedo of the lichen heaths and to a 
larger longwave radiation loss. These results indicate a need for both 
spectral and broadband reflectance data on lichens in climate mod-
eling applications.

6  |  CONCLUSIONS AND FUTURE 
PERSPEC TIVES

Compared to many other fields of remote sensing, the number of 
scientific studies related to lichens is still fairly limited, fewer than 
200 studies since the 1940s, and has been heavily biased towards 
lichen species and environments in northern Europe and North 
America. We have summarized the current situation and needs for 
future research related remote sensing of lichens in Table 3 and in 
the following text.

The spectral properties of large numbers of lichen species have 
been measured in laboratory or field settings (Tables 1 and 2), yet 
these data are not commonly openly available (except Kuusinen 
et  al.,  2022, 2023), mainly because the measurements have been 
primarily conducted before the open science movement. Nearly all 
spectral measurements of lichens have been conducted in a nadir or 
near-nadir viewing geometry, and thus the reflectance anisotropy of 
lichens is still relatively poorly quantified compared to plants. This 
can have, for example, an impact of the applications of hemispheri-
cally integrated radiometric quantities (albedo) of ground lichens in, 
for example, surface energy budget modeling.

Overall, multispectral remote sensing dominates the literature in 
nearly all applications related to lichens, and the use of hyperspec-
tral airborne or satellite data to retrieve lichen properties has been 
tested only in a few case studies. Currently, lichen cover, biomass, 
and volume are the most commonly estimated variables from re-
mote sensing data but new and forthcoming hyperspectral satellite 
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missions (e.g., CHIME, PRISMA, EnMAP) may open up possibilities 
for retrieving also other biophysical and biochemical properties of 
lichen mats. Identification of lichen species for remote biodiversity 
monitoring is, however, complicated by the mixed growth patterns 
of lichens, that is, not many species form large, monospecific mats 
on the ground but grow tightly together.

Besides using remote sensing data to map lichens and their 
biophysical and biochemical properties, an understanding of the 
spectral properties of lichens can have other significant impacts on 

advancement of science. For example, integrating lichens either as 
their own “PFT” to land surface models, energy budget calculation 
at a large scale will be a key improvement to projections of climate 
change in the boreal and Arctic regions because the spectral proper-
ties of lichens differ significantly from vegetation.

We conclude that lichens, although small organisms and fre-
quently overlooked in the remote sensing community, present in-
triguing challenges for developing remote sensing methods and 
applications.
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