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ABSTRACT

Motivation: SPECTRE is an open-source database containing standardised spatial data on global environmental and anthropo-
genic variables that are potential threats to terrestrial species and ecosystems. Its goal is to allow users to swiftly access spatial
data on multiple threats at a resolution of 30-arc seconds for all terrestrial areas. Following the standard set by Worldclim, these
data allow full comparability and ease of use under common statistical frameworks for global change studies, species distribution
modelling, threat assessments, quantification of ecosystem services and disturbance, among multiple other uses. A web user
interface, a persistent online repository and an accompanying R package with functions for downloading and manipulating data
are provided.

Main Types of Variable Contained: SPECTRE is a GIS product, currently with 21 geoTiff raster layers with an approximate
1x1km resolution.

Spatial Location and Grain: Global (longitude —180-180, latitude —60-90) terrestrial database with a resolution of 30-arc sec-
onds (approximately 1 1km at the equator), converted from global sources of different original spatial grain, from 0.03 % 0.03to
10X 10km.

Time Period and Grain: The known time period for all sources present in SPECTRE varies from 1976 to 2020 (all but three
after 1990), with a minimum temporal grain of 1 year.

Major Taxa and Level of Measurement: Non-taxa-specific.

Software Format: geoTiff and R.

1 | Background all agendas, the need for direct conservation actions and policy ac-

cording to the best available knowledge is recognised. However,
Biodiversity and ecosystem services loss are ongoing issues that the status of biodiversity and the services it provides to humanity
have taken thespotlightin several international agendas,suchasthe remain unquantified for the most part. This is at least partly due
recently approved Kunming-Montreal Global Biodiversity Frame- to the lack of data, but often the culprit is the low accessibility and
work (Convention on Biological Diversity [CBD] 2023). Across comparability of the many data sources already available.
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Standardised data on several variables of interest are already
available or being mobilised through different platforms. These
include species distributions through GBIF (Global Biodiversity
Information Facility 2022), and spatial or temporal trends of com-
munities or populations through PREDICTS (Natural History
Museum 2024; Hudson et al. 2016) and BioTIME (Dornelas
et al. 2018) respectively. Variables representing potential threats
to species are also available from various sources, such as forest
loss from ForestWatch (Global Forest Watch 2014), or human
density and built area from the Global Human Settlement Layer
(Corbane et al. 2018; Schiavina, Freire, and MacManus 2019).
Despite their availability, these sources are not directly compa-
rable, that is, they are at different resolutions, projections and
formatted in other ways that do not allow for immediate analy-
sis. Due to this, users that intend to simultaneously analyse mul-
tiple threats will have to go through the task of standardising
data across myriad formats, resolutions and extents.

Here, we present SPECTRE, a global spatial database of threats
to terrestrial species and ecosystems, mainly intended towards
global and large-scale analyses (see Section 3 for access details).
Our goals are fourfold: (1) compiling global spatial layers of sev-
eral types of threats; (2) standardising them to a common ex-
tent and resolution, identical to existing and widely used climate
layers; (3) make them easily and openly available to researchers
and decision-makers involved in species and ecosystem conser-
vation and (4) provide an online portal together with the tools
to easily download and manipulate different layers in the R
environment.

With these goals in mind, we have chosen WorldClim (Fick and
Hijmans 2017) as our template for SPECTRE. WorldClim is a
longstanding, high-quality dataset of global climate layers and
has been used extensively in different fields, including species
distribution modelling (SDM), understanding the effects of
climate change on species and more, with over 1000 citations
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per year. As such, by adopting WorldClim as our template, we
guarantee the easy integration of SPECTRE into myriad stud-
ies involving both climate and biodiversity threats and straight-
forward comparisons between such studies. Our intention is to
continuously update SPECTRE (see Section 3, ‘Data accessibility
& usage notes’), advancing as needed through community sug-
gestions and the best available scientific knowledge on threats to
species and ecosystems worldwide.

2 | Methods
2.1 | Description of Data

The first version of SPECTRE comprises a collection of 21
standardised raster layers, each representing a potential threat
to species and ecosystems (Figure 1). The layers are classified
first according to the list of direct pressures on biodiversity
and sustainable use as proposed in the CBD (2020a, 2020b) in
their Strategic Goal B (Table 1). Each is then further divided
into subsections according to the International Union for the
Conservation of Nature (IUCN) threat categories (IUCN 2023).
Every layer and its metadata are listed in Table 2.

All layers are based on data collected between 1976 and 2020
(all but three after 1990) but these data do not span the entire
time span for all layers. Moreover, we anticipate that threats will
exhibit spatial and temporal correlations on a global scale. This
means that the regions heavily impacted by a particular threat
in 1year or decade are likely to be affected in other years or de-
cades by the same threat (at a global scale). Therefore, layers
covering different time spans may still be directly comparable.
Information on layer time grain can be consulted in Table 2. In
that table, the time interval of data collection (i.e., first and last
years) is recorded under ‘Temporal range’. When the temporal
range does not match the number of years with data, ‘multiple

T T T T T T T
-150 -100 -50 0 50 100 150

FIGURE1 | Example global raster layers for (a) temperature trends (5_1_TEMP_TRENDS), (b) fire occurrence (I_10_FIRE_OCCUR), (c) impact
area (1_7_IMPACT_AREA) and (d) crop percentage (2_2_CROP_PERC_IIASA). Layers in SPECTRE represent common threats to species and eco-
systems, both directly as the destruction of species habitats, as well as indirectly, such as projected surface temperature changes for a given area. Note

that some areas, such as polar regions, are not represented in all layers, depending on the original source.
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TABLE1 | Threat categories associated with each SPECTRE layer currently included in the database (see Table 2), as defined by the Convention

on Biological Diversity and the International Union for the Conservation of Nature (IUCN).

CBD IUCN Description (from IUCN) ID Layer
Habitat loss Residential & commercial Housing, urban areas, commercial and 1.4 BUILT_AREA
development industrial areas, tOUI'lSI’I'l (the areas 16 FOOTPRINT PERC
themselves) and recreational areas
1.7 IMPACT_AREA
1.8 MODIF_AREA
1.9 HUMAN_BIOMES
Agriculture & aquaculture Physical and ecological (see Pollution 1.7 IMPACT_AREA
. for the chemical effects? efﬂ?cts of ' 1.8 MODIF_AREA
livestock and crop production, including
wood and pulp plantations and non- 1.9 HUMAN_BIOMES
timber crops, livestock farming anq 111 CROP_PERC_UNI
aquaculture both freshwater and marine
1.12 CROP_PERC_IASA
1.13 LIVESTOCK_MASS
2.1 FOREST_LOSS_PERC
2.2 FOREST_TREND
Energy production Activities related to renewable and 1.1 MINING_AREA
& mining r%onrenevx./al.)le energy and good.s such as 1.8 MODIF_AREA
oil, gas drilling, mining, quarrying, solar
farms, windmill turbines and so on, and in
some cases their necessities (power lines
and pipelines fall both under this threat
and Transportation & service corridors)
Transportation & Roads, railroads, utility and service 1.5 ROAD_DENSITY
service corridors lines, shipping lanes and flight paths 16 FOOTPRINT PERC
1.8 MODIF_AREA
Human intrusions Recreational activities and work, as well as 1.3 HUMAN_DENSITY
& disturbance war, civil unrest and military exercises 16 FOOTPRINT PERC
1.7 IMPACT_AREA
1.8 MODIF_AREA
1.9 HUMAN_BIOMES
Natural system Fire and fire suppression, as well as 1.7 IMPACT_AREA
modifications dams and water management and use 110 FIRE_ OCCUR
Geological events The habitat loss effects caused by 1.2 HAZARD_
volcanoes, earthquakes, tsunamis, POTENTIAL
avalanches and landslides
Overexploitation Biological resource use All biological harvest and nonproduction 1.7 IMPACT_AREA
aCtlYltleS (gatherlng act1v1t1e.s), 1nclud1n.g 1.8 MODIF_AREA
hunting, trapping and collecting terrestrial
animals, gathering of terrestrial plants, 1.9 HUMAN_BIOMES
logging, wood harvesting and fishing 113 LIVESTOCK_MASS
2.1 FOREST_LOSS_PERC
2.2 FOREST_TREND
(Continues)
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TABLE1 | (Continued)

CBD IUCN Description (from IUCN) ID Layer
Pollution Pollution Pollution includes domestic and urban 1.6 FOOTPRINT_PERC
wastewater, industrial, military, agricultural 1.8 MODIF_AREA

and forestry effluents, garbage, solid

waste, air-borne pollutants and excess 3.1

LIGHT_MCDM2

energy (aka: thermal pollution)

Invasives & other
problematic species,
genes & diseases

Invasive species

A broad label that includes problematic NA NA
species and diseases caused by
microorganisms or otherwise (unknown

agents, viruses, prions, etc.) of either native,
alien or unknown origin, as well as any
potentially introduced genetic material

Climate change Climate change &

severe weather

shifts and alterations, as well as severe
weather phenomena such as droughts,

temperature extremes, storms and flooding

The effects of climate-induced habitat 1.2 HAZARD_
POTENTIAL
5.1 TEMP_TRENDS
5.2 TEMP_SIGNIF
5.3 CLIM_EXTREME
5.4 CLIM_VELOCITY
5.5 ARIDITY_TREND

Note: Categories for which no data meeting our criteria for inclusion was found are denoted with ‘NA’ in columns ‘ID’ and ‘Layer’.

ranges’ are added to ‘Temporal range’ to denote this. The years
in that interval for which the authors provide data are recorded
under ‘#years with data’. For layers where the authors did not
provide a year for the data, the number of years with data is clas-
sified as ‘unknown’. It is important to note that SPECTRE does
not include any time-series data. When time series data were
available (e.g., Keys, Barnes, and Carter 2021; Mu et al. 2022),
we calculated an aggregate measure to reflect the entire period
depending on the nature of the data, such as sum, difference,
average, harmonisation or slope of the time series: FOREST _
TREND, FOREST_LOSS_PERC (see also Table 2). Any other
transformations of time series data were done by the authors of
each layer. We plan to expand layers in the near future as further
compatible ones are made available. In terms of time frames, we
consider including layers with time series, extending SPECTRE
to support temporal analysis of ecosystem threats.

The criteria for inclusion of layers in SPECTRE are: (1) being
publicly available, with a licence that allows open sharing
under a Creative Commons CC BY 4.0 licence, or under similar
public domain noncommercial licences; (2) being global in its
intent and scope (see exceptions under Section 2.2, ‘Data trans-
formation’ and Section 3, ‘Data accessibility & usage notes’); (3)
having a minimum spatial resolution of 10 X 10km, as it is well
established in GIS literature and is used both in WorldClim
and in the reference grid of the European Environment
Agency, in other large-scale initiatives (e.g., Ford et al. 2020;
Lewthwaite and Mooers 2021; Fischer, Walentowitz, and
Beierkuhnlein 2022; Silveira et al. 2022; European Environment
Agency 2024) and (4) providing the best available products for
each threat category according to our own judgement (see
a complete list of datasets considered in the process and the
rationale behind their exclusion in Table S2). We excluded
products that do not present numeric quantitative data or a

numeric scale of threat to species or ecosystems. For example,
a layer classifying terrain into habitat types such as ‘cropland’
or ‘urban area’ cannot be converted into a gradient of threat
without a significant interpretative and often subjective effort
(e.g., ECOCLIMAP, see Table S2). All layers in SPECTRE were
created using R (R Core Team 2023), namely, the package terra
(Hijmans et al. 2023) and the software QGIS, version 3.10.11
(QGIS Association 2021). All layers were encoded as FLTA4S,
reclassified to have —3.4x10% as their NA value and finally
masked in the areas considered as NA in WorldClim. Layers
requiring either resampling or reprojection were transformed
using terra's ‘resample’ or ‘project’ functions respectively. The
‘resample’ function transfers and estimates cell values between
rasters with different origins or resolutions, while ‘project’ also
changes the coordinate reference system to match the original
layer. In both cases, the resampling method used was the bi-
linear method for continuous data and the nearest neighbour
method for categorical data (Arif and Akbar 2005; ArcGIS
Pro 2023). It should be noted that, by using this resampling
strategy, we are artificially increasing the data resolution and
users should be aware of the original resolution of the different
layers. This decision was made to avoid data contamination,
which happens when using high-resolution layers to statisti-
cally increase the resolution of lower resolution layers, inevi-
tably forcing high correlation between them. Furthermore,
the resampling method used is of comparable performance to
more advanced model downscaling methods, as found in the
systematic review by Li and Heap (2011), with the advantage of
being computationally efficient and maintaining spatial conti-
nuity of the original data. Nevertheless, the downscaling pro-
cedure was necessary for eight layers only. Five of these are the
climate change variables which are highly spatially correlated
and hence the downscaling can be performed with high confi-
dence. The remaining three layers (HAZARD_POTENTIAL,
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ROAD_DENSITY and HUMAN_BIOMES) are the only for
which some caution in their use should be exercised.

We also filled data gaps in cells classified as land by WorldClim
that were assigned a null value during the interpolation process.
These gaps mainly occurred in cells at the land-ocean interface,
where the spatial extent of the interpolated variables was smaller
than that of the WorldClim land mask. To address this, we first
identified the target cells, defined as those classified as land by
WorldClim that showed ‘NA’in the interpolated surface and had
at least one valid value among their eight nearest neighbours.
We then estimated the values for these cells using four differ-
ent interpolation methods: a simple average of the eight near-
est neighbours (i.e., within a 3x 3 cell neighbourhood), a simple
average of the 24 nearest neighbours (5 X 5 cell neighbourhood)
and their inverse distance-weighted (IDW) equivalents. For
each layer, we assessed the accuracy of these methods through
cross-validation by comparing the estimated values with those
of cells that had known values. The method that produced the
lowest mean absolute error was selected to generate the final in-
terpolated values. The most accurate method in all layers was
IDW (3 3) except for HUMAN_DENSITY, with the latter using
the neighbour average (3x3). The exceptions to this procedure
are a few very large areas (e.g., Greenland) or small isolated is-
lands (e.g., South Sandwich Islands) that in some cases do not
have neighbouring data for a reasonable extrapolation.

As with any GIS product, SPECTRE has several limitations
due to the nature of its source data. For example, layers with
an original resolution close to 10km are usually not suitable
for small-scale analyses, such as for small countries or islands.
Prospective users should carefully evaluate any limitations and
assumptions involved in creating these layers to determine
whether the information meets their needs and to understand
how these assumptions may affect their analyses. Please consult
the metadata for each layer (Table 2) and consider consulting
also the source of each layer to assess its appropriateness before
use. Additionally, please consult Section 3, ‘Data accessibility &
usage notes’ before using SPECTRE.

2.2 | Data Transformation

We transformed each layer to the same resolution, datum
and projection as WorldClim (Fick and Hijmans 2017) so that
SPECTRE and WorldClim can be used simultaneously without
further adjustments from the user. For all resampling performed,
bilinear interpolation was used when dealing with continuous
data and nearest neighbour for discrete data (see Section 2.1,
‘Description of data’). Additional interpolation was performed
for a restricted number of cells receiving NA values but iden-
tified as land in WorldClim, mainly located along shorelines.
This required different manipulation of data to convert every
layer to a 30-arc second resolution (circa 1km2 at the equator)
covering the extent between longitudes —180° and 180° and lati-
tudes between —60° and 90°. The 1 x 1km resolution is the most
convenient scale compromise for global data representation
and analysis in ecology, following the approach set by Ellis and
Ramankutty (2008). The temporal scope varied between 1976
and 2020 depending on the availability of information, although
HAZARD_POTENTIAL uses older historical information. We

also provide metadata for all layers, including the original cita-
tions (Table 2). Across all layers, larger values represent larger
impact, with negative values representing a possibly positive
impact (e.g., negative forest loss represents a gain in forest area).

We took measures to reduce incongruence between raster lay-
ers, due to missing or out of bounds data associated with water
bodies. For this, we used both vector layers of the Global Lakes
and Wetlands Database (Lehner and D61l 2004), which contains
the shoreline polygons of the world's lakes and reservoirs. We
then selected all bodies of water with an area larger than 1km?,
rasterised the file and masked our WorldClim template with it,
assigning all corresponding pixels as NA.

2.2.1 | General Procedures

A vast proportion of layers needed only few processing steps,
such as resampling to the 1x 1 km standard (FOREST_TREND,
FOOTPRINT_PERC, LIGHT _MCDM2, ROAD_DENSITY,
CROP_PERC_UNI, CROP_PERC_IIASA, HUMAN_BIOMES),
reprojection (HUMAN_DENSITY, BUILT _AREA, MODIF._
AREA) or masking to terrestrial areas (HAZARD_POTENTIAL).

We created FOREST _TREND using forest loss data from the
Global Forest Watch (2014), available for download in spa-
tial segments. These were collected and individually rescaled.
FOOTPRINT_PERC (SEDAC 2018) is an index percentage met-
ric indicating anthropogenic impacts on the environment in
2009, created by collating data on human population density,
human land use, built-up areas, nighttime lights, land use/land
cover and human access (coastlines, roads, railroads, navigable
rivers) with a discriminate scoring system. LIGHT MCDM?2
(Falchi et al. 2016) is a measure of continuous simulated up-
ward (measured from the zenith) radiance, trained with satel-
lite low-light imaging data and calibrated with radiance data
collected by citizen scientists. It takes into account all sources
contributing to it in a radius of 200km (representing the im-
pact of medium to long-range effects). ROAD_DENSITY (Meijer
et al. 2018) is a continuous metric of road density in metres per
square kilometre, resulting from the collation of 60 geospatial
datasets on road infrastructure with more global coverage than
similar products. CROP_PERC_UNI and CROP_PERC_IIASA
(Fritz et al. 2015; Waldner et al. 2016) are both percentage met-
rics indicating the proportion of cropland in each cell, differing
in temporal grain (1990-2014 representing a 2005 baseline year
in the absence of complete data for that year) and methodol-
ogy (adequacy analysis and crowd-sourcing & agreeableness
respectively). HUMAN_BIOMES (Ellis and Ramankutty 2008)
classifies terrain into different anthropogenic biomes of increas-
ing anthropogenic pressure. The original dataset (see Table S1)
classified cells into two hierarchical levels with 20 different cat-
egories in the lower level. We opted for the broader level with six
categories: wildlands (0), forested (1), rangeland (2), croplands
(3), villages (4) and dense settlements (5).

HUMAN_DENSITY (Schiavina, Freire, and MacManus 2019)
and BUILT_AREA (Corbane et al. 2018) are continuous met-
rics of human density for the year 2015, expressed in people per
km? and percentage of built-up presence respectively. Lastly,
MODIF_AREA (Kennedy et al. 2019) is a continuous metric

8 of 12

Global Ecology and Biogeography, 2025

85U8017 SUOWILLIOD @A 11810 3|ceoldde 8Ly Aq peusenob e sappie YO ‘8sn JO Sa|n 10} ARIq1T8UIUO AB]IM UO (SUORIPUOD-PUR-SWBIAL0D" AB 1WA ReIql Ul UO//SdNL) SUORIPUOD pUe SWis | 8u1 88 *[v20z/ZT/LT] Uo Ariqi]auliuo A8|iMm 'eods!ad euipe N apepinded Aq 6v6€T GeB/TTTT'OT/I0p/L0o" A3 (1M AeIq U1 |UO//SdNY WOy pepeojumoq ‘T ‘SZ0Z ‘8EZ899KT



between 0 and 1 that reflects the proportion of a landscape that
has been modified by collating remote sensing imagery and
ground inventory data from 1980 to 2016 (with the mode year
of 2016, as this was the intended snapshot year, past data being
used only when no 2016 data were available) on a group of five
anthropogenic stressors: (1) human settlement (population den-
sity & built-up areas), (2) agriculture (cropland & livestock), (3)
transportation (major roads, minor roads, two tracks (a kind of
two direction dirt road created through pedestrian and vehicle
passage) & railroads), (4) mining and energy production (min-
ing, oil wells & wind turbines) and (5) electrical infrastructure
(powerlines, nighttime lights).

Additionally, two layers also needed to be masked to terres-
trial areas: HAZARD_POTENTIAL and MINING AREA.
HAZARD_POTENTIAL (SEDAC 2005) is a discrete metric of
the number of significant hazards (aka: earthquakes, volcanoes,
landslides, floods, droughts and cyclones) potentially affecting
cells based on hazard frequency data, based on threat analyses
of high temporal grain. MINING_AREA is a discrete metric of
the number of mines (preoperational, operational, closed) in a
50-cell radius, as mining threats were found to extend to this
range (Sonter et al. 2017), considering both exploration of ma-
terials critical to renewable energy technology and infrastruc-
tures, and other materials.

2.2.2 | Further Transformations

Some of the layers present in SPECTRE required extensive pro-
cessing of the source data: IMPACT AREA, FOREST LOSS_
PERC, LIVESTOCK_MASS, FIRE_OCCUR, TEMP_TRENDS,
TEMP_SIGNIF, CLIM_EXTREME, CLIM_VELOCITY and
ARIDITY_TREND.

In IMPACT_AREA (Jacobson et al. 2019), the original data were
composed of two binary rasters which were combined in a single
layer representing very low (1), low (2) and high (3) impact. The
final result was reprojected to our standard. Similarly, FOREST _
LOSS_PERC (Shimada et al. 2014) is the result of two rasters
of tree cover proportion (0-1), for the years 2007 and 2017, the
latter being subtracted from the former. The end result is a raster
with positive percentages being tree cover losses and negative
percentages being tree cover gains.

We created LIVESTOCK_MASS using a similar methodology to
that described in Bar-On, Phillips, and Milo (2018). The average
wet biomass values present in Dong et al. (2006) were used to
infer average wet biomass values for developed, transitioning
and developing economies and the inferred values were com-
bined with a country polygon vector map (Natural Earth 2018)
and a classification of world economies (United Nations 2006)
and then applied to 2006 livestock count rasters from the
Gridded Livestock of the World (GLW2, Robinson et al. 2014) for
cattle, chickens, ducks, goats, pigs and sheep, to estimate total
livestock biomass.

FIRE_OCCUR is a fire occurrence layer created by taking point
ignition data (Andela et al. 2019) for the years 2006-2016, ap-
proximately 1 million points per year, and for each point draw-
ing a polygon using the ignition's radius. The value of each pixel

is then determined by counting the number of polygons overlap-
ping that pixel.

We constructed five layers for climate change: TEMP_TRENDS,
TEMP_SIGNIF, CLIM_EXTREME, CLIM_VELOCITY and
ARIDITY_TREND, based on methodology described in Bowler
et al. (2020), using two datasets, Wan, Hook, and Hulley (2015)
and Harris, Jones, and Osborn (2020). All layers used monthly
data collected between 1990 and 2019. TEMP_TRENDS is a
continuous metric of temperature trends, based on the linear
regression coefficients of mean monthly temperature. Similarly,
TEMP_SIGNIF is a continuous metric of temperature trend sig-
nificance, the temperature trends divided by its standard error.
CLIM_EXTREME is a continuous metric calculated as the larg-
est of the absolutes of the coefficients of two linear regressions,
one of the months with the lowest mean temperatures, and an-
other of the month with the highest mean temperatures.

CLIM_VELOCITY is a continuous 0-1 metric of the velocity of
climate change calculated as the ratio between two normalised
features, TEMP_TRENDS and a local spatial gradient in mean
temperature. This spatial gradient uses MODIS/Terra Land
Surface Temperature (Wan, Hook, and Hulley 2015) and is cal-
culated through the average maximum technique, defined as the
slope of a plane fitted to the values of a 33 cell neighbourhood
centred on a grid point (ArcGIS Resources 2021). This reflects
the speed at which an organism would have to move to track its
current climatic range. To our knowledge, two studies have cal-
culated climate velocity at a global scale. Loarie et al. 2009 used
the WorldClim Version 1.4 Annual Mean Temperature and Total
Annual Precipitation bioclimatic variables to estimate climate
velocity for 2050-2100, based on the emissions scenario tempo-
ral gradient present in the Special Report on Emissions Scenarios
(SRES) A1B (IPCC 2000). It has several differences to our layer,
which is expected given both the different temporal ranges as
well as the diluted effects of temperature trends over three esti-
mates (upper, mean and lower), accentuating patterns character-
istic of the local spatial gradient used. More recently, Asamoah
et al. (2022) have also produced climate velocity layers for both
historic data and projected climate scenarios. The Spearman’s
Rho between Asamoah's and our layers is very close to 1.

The fifth layer, ARIDITY_TREND, is a continuous metric based
on the linear regression coefficients of aridity, which is given by
the expression:

ARIDITY_TREND = MPET/(MPRE + 1),

with MPET being the monthly potential evapotranspiration of
each grid point and MPRE being the monthly precipitation.

3 | Data Accessibility and Usage Notes

SPECTRE is publicly accessible through several services. The
Finnish IT Centre for Scientific Computing (CSC 2023) spatial
data download service, Paituli (https://paituli.csc.fi/) allows for
easy download of all layers in a shared zipped folder. The CSC is
hosting SPECTRE for the foreseeable future. Layer updates will
be made subsequently to their publication.
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FIGURE 2 | Global map representing the number of layers with information for a given pixel in SPECTRE. On the bottom left corner, a close up
of the Hudson bay and surrounding areas, highlighting the occasional lack of data in higher latitudes and coastal regions.

To consult all layers considered for inclusion in SPECTRE,
their metadata and any additional minor usage notes, please
consult Table S2. All data can also be accessed through the
gecko R package (Branco, Correia, and Cardoso 2023). gecko is
a collection of geographical analysis functions aimed primarily
at ecology and conservation science studies, focusing on pro-
cessing of both point and raster data. It also allows WMS and
WCS request capabilities, making it a seamless transition from
SPECTRE data access to processing. The entirety of our meth-
odology, including the R scripts needed to recreate SPECTRE
and the raster used in Figure 2 are found both on Github
(https://github.com/VascoBranco/spectre.methodology) and
Zenodo  (https://zenodo.org/doi/10.5281/zenodo.10256190).
Lastly, a dashboard allowing quick visualisation and download
is also available on the project page (https://biodiversityres
earch.org/spectre/). We have tested it over 10 development
iterations with the help of 20 users and we are continuously
improving it.

SPECTRE inherits current data availability and research bi-
ases, with entries being overrepresentative of those threats
potentially categorised under habitat loss and fragmentation.
Additionally, SPECTRE currently has layers representing
threats fitting all categories of the classification system pro-
posed (Table 1) except for ‘Invasives & other problematic spe-
cies, genes & diseases’. To the extent of our knowledge, there is
no geospatial information representing the impact of invasive
alien species on local ecosystems that meets our criteria for in-
clusion in either range or spatial resolution. Furthermore, we
are also missing data on some aspects of categories considered.
For example, under the IUCN threat ‘Natural system modifi-
cations’ we have data on fire occurrence which fits the current
definition of ‘Fire and fire suppression [..]” but we do not have
data on dams or water management and use, also aspects of
this category.

The layers also have specific limitations, namely, the error
incurred through downscaling of the source data and the

temporal and spatial grain of the sources used, limiting poten-
tial usage of the end product. The base 10 x 10 km resolution of
some layers might make analyses on some microregions such
as small islands unadvisable. As with all GIS products, keep in
mind that full accuracy cannot be assured when running anal-
yses for areas not much larger than the original resolution. It is,
however, to the full extent of our knowledge, the best available
information.

Whenever possible consider consulting the original metadata
for each dataset for further details and be fully aware of how
they were first built, the inherent limitations and if they serve
your intended purpose. SPECTRE layers are thematically re-
lated (e.g., percentage of building surface area, road density)
and several are composite and make use of the same source
data in one way or another. This means that layers can be
highly correlated. Be judicious in selecting your data and con-
sider performing a correlation analysis in your study area.
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