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Executive Summary

Climate change threatens the world’s major centres of biodiversity, jeopardising many of the collective
conservation and development efforts and investments to date. Observed changes, and the amount
of climate change that society and ecosystems are already committed to, indicate that climate change
is already damaging ecosystems and livelihoods, and that the amount of damage is increasing over
time.

Protected Areas have long played a role in the maintenance and conservation of biodiversity. They
appear as Target 3 in the Convention on Biological Diversity's 2030 Kunming-Montreal Global
Biodiversity Framework with a recommendation of setting aside 30% of each country’s land for
biodiversity. However, many protected areas were not specifically set aside for biodiversity and many
conservation strategies have largely been developed under the assumption that the world's climate
will stay static (i.e., not change). A changing climate in tandem with other existing and future
human pressures means there is a high risk that these strategies will fail in their goals.

Outside of a few areas, and/or specific protected areas, access to protected area specific information
on observed climate changes, projected climate changes, and how biodiversity is projected to change,
have not been readily available. Extraordinary outside pressures (e.g., resource extraction) can
drastically limit the ability of an area to persist under the additional pressures from climate change
— or to act as a refugium for species under increasing levels of climate change.

Reducing biodiversity's vulnerability to climate change requires an understanding of the projected
magnitude of the risks. These can be estimated from models of the climatic range relationships of
more than 135000 species of terrestrial fungi, plants, vertebrates, and invertebrates as we have done
in the Wallace Initiative. In areas where future climate change is projected to exceed the modelled
climatic tolerance of many species, the species currently present may not be able to persist into
the future. On the other hand, there are places where the climatic tolerance of most species is not
exceeded by projected climate change, and we classify these as refugia (areas remaining climatically
suitable for >75% of the terrestrial biodiversity in that area). These may be the best places
to protect to conserve biodiversity (also known as no-regrets action) in the future despite
climate change (i.e., arks).

It is not just the species that are being conserved, but also the ecosystem services they provide.
For example, acting as seed banks, providing natural food resources, nurseries for wild species,
and homes for pollinators, as well as performing important processes that have large scale benefits
such as carbon storage, air purification, water collection and purification, flood mitigation and soil
conservation (Price et al., 2024b).

The Wallace Initiative classifies Santa Catalina y Anexo Joya Carbonera in the Republic
of Guatemala as being in the top 20% of all non-marine protected areas in the World
for projected overall biodiversity resilience to climate change at 4 °C warming above pre-
industrial.

Between 2000 and 2010, the area surrounding the Santa Catalina y Anexo Joya Carbonera (within
15 km of the border) has seen an increase in human population of close to 69 805 and this is predicted
to increase to 525649 by 2050 and to 619409 by 2100 (SSP2).

Satellite data show that, between 1992 and 2020, the area within the boundaries has seen no changes
in land cover (Table ES1). Overall, the biodiversity (see report for a breakdown of taxa) is projected
to see species richness remaining to drop to 79.2% at 1.5°C, 73.8% at 2°C, 63.7% at 3°C, and
54.3% at 4°C (Figure ES1).

Most nations have stated their aim to meet the Paris Accord climate change targets of the United
Nations — limit global warming to 2°C and make efforts to limit warming to 1.5°C. However, the
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reality is far different. Country’s current pledges for reducing greenhouse gas emissions would lead
to a world that is approximately 2.7°C - 3.5°C warmer than pre-industrial. If countries do not
meet their pledges then greater warming may occur, so it is still very important to consider how to
conserve biodiversity in a 4 °C warmer world.

Table ES1: Percent land cover in 1992 and 2020, and change in land cover at 300 m resolution (ESA
CCl) within Santa Catalina y Anexo Joya Carbonera.

Land cover class % in 1992 % in 2020 change (%)
Tree cover, broadleaved, evergreen, closed to open 100 100 0
(>15%)

0
o 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Figure ES1: Percent overall biodiversity remaining at 1 km resolution.

Supporting Information

This report is one of thousands prepared as part of the Wallace's pARCs (protected area refugia to
climate change) project — identifying climate change refugia in countries and protected areas. It is
hoped that providing information on what the projected impacts are to a protected area can be a
first step for the park managers to assist them in preparing for a climate changed world.
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The data and methods underpinning these reports have been published in the peer reviewed literature
(Price et al., 2024a; Warren et al., 2018a,b) and are similar to the approach originally developed for
analyses prepared for World Wildlife Fund to underpin their publication ‘Wildlife in a Warming World’
(WWEF, 2018). Each of our reports provides information on the observed changes in the climate,
the projected changes in climate, the refugia potential, and the ‘adaptation effort’(that is, the size
of the climate change challenge faced by professionals in trying to preserve existing biodiversity)
for biodiversity within the boundaries of the protected area (as defined by the World Database on
ProtectedAreas; UNEP-WCMC and IUCN, 2024). The report is accompanied by highly detailed
information about interpreting the report.

Overview

The tables and figures below provide data extracted for the area listed in the title of the report. Brief
interpretive information is provided in the headings and the captions, including the spatial resolution
of the data. More detailed information can be found at the end of the tables and figures and this
has been hyperlinked back to the appropriate place in the document if you are reading it online.

Climate

The climate data below are averaged over 30-year time periods. The spatial resolution is 0.5° latitude
x 0.5° longitude.
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Average Monthly High Temperature (usually the temperature of mid- to late-
afternoon)

Table 1: Observed Average Monthly High Temperature (°C) with a comparison of the amount of
change occurring between 1961-1990 and 1991-2020. Warmest refers to the warmest year in the
30-year period, coolest to the coolest year. In the warmest column, yellow shading indicates a
temperature equal to that occurring approximately one in every three years (> 1 SD) compared to
1961-1990; red shading indicates a temperature equal to or greater than that occurring one in every
twenty years (>2 SD) compared to 1961-1990. One way of looking at this is these years could be
seen as “proxies” for what an average year in the future looks like.

1961-1990 1991-2020 Difference 91-20 to 61-90
Month Coolest Average Warmest Coolest Average Warmest Average
Jan 20.7 223 86N 220 23.1 24.1 0.8
Feb 22.0 23.3 24.7 23.0 24.2 255 0.9
Mar 23.0 247 26.7 243 255 26.4 0.9
Apr 241 25.4 27.0 24.7 26.1 27.9 0.7
May 23.4 24.9 27.3 24.4 255 26.5 0.5
Jun 21.8 235 23.4 24.2 255 0.7
Jul 215 231 22.9 23.9 247 0.8
Aug 22.3 235 22.9 24.1 25.0 0.7
Sep 21.3 22.8 225 23.4 242 0.7
Oct 21.0 222 23.2 22.0 22.9 23.7 0.7
Nov 20.5 22.2 23.7 21.4 22.6 23.8 0.5
Dec 20.4 220 sy 213 22.7 24.5 0.7

Table 2: Projected Changes in Average Monthly High Temperature (°C) - Yellow shading indicates
when the new average is equal to that occurring approximately one in every three years (> 1 SD)
compared to 1961-1990; red shading indicates when the new average is equal to or greater than that
occurring one in every twenty years (>2 SD) compared to 1961-1990.

Scenario

Month 1.5°C 2°C 25°C 3°C 35°C 4°C

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
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Average Monthly Temperature

Table 3: Observed Average Monthly Temperature (°C) with a comparison of the amount of change
occurring between 1961-1990 and 1991-2020. Warmest refers to the warmest year in the 30-year
period, coolest to the coolest year. In the warmest column, yellow shading indicates a temperature
equal to that occurring approximately one in every three years (> 1 SD) compared to 1961-1990;
red shading indicates a temperature equal to or greater than that occurring one in every twenty
years (>2 SD) compared to 1961-1990. One way of looking at this is these years could be seen as
“proxies” for what an average year in the future looks like.

1961-1990 1991-2020 Difference 91-20 to 61-90
Month Coolest Average Warmest Coolest Average Warmest Average
Jan 15.0 16.1 17.0 15.7 16.9 0.8
Feb 15.5 16.7 17.6 16.6 17.5 0.8
Mar 16.5 18.0 19.1 17.5 18.7 0.7
Apr 17.8 19.0 19.8 18.9 19.7 0.7
May 18.1 19.2 18.8 19.7 0.5
Jun 17.6 18.8 18.8 19.4 0.7
Jul 17.5 18.4 19.2 18.5 19.1 0.7
Aug 17.7 18.4 19.2 18.3 19.0 0.6
Sep 17.4 18.0 G0N 177 18.6 0.6
Oct 16.4 17.6 18.3 17.4 18.2 0.6
Nov 15.7 17.0 18.2 16.2 17.5 0.5
Dec 15.0 16.2 17.3 15.4 17.0 0.8

Table 4: Projected Changes in Average Monthly Temperature (°C) - Yellow shading indicates when
the new average is equal to that occurring approximately one in every three years (> 1 SD) compared
to 1961-1990; red shading indicates when the new average is equal to or greater than that occurring
one in every twenty years (>2 SD) compared to 1961-1990.

Scenario

Month 1.5°C 2°C 25°C 3°C 35°C 4°C

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
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Average Monthly Low Temperature (usually the temperature just before dawn)

Table 5: Observed Average Monthly Low Temperature (°C) with a comparison of the amount of
change occurring between 1961-1990 and 1991-2020. Warmest refers to the warmest year in the
30-year period, coolest to the coolest year. In the warmest column, yellow shading indicates a
temperature equal to that occurring approximately one in every three years (> 1 SD) compared to
1961-1990; red shading indicates a temperature equal to or greater than that occurring one in every
twenty years (>2 SD) compared to 1961-1990. One way of looking at this is these years could be
seen as “proxies” for what an average year in the future looks like.

1961-1990 1991-2020 Difference 91-20 to 61-90
Month Coolest Average Warmest Coolest Average Warmest Average
Jan 8.8 100 A 92 10.8 0.8
Feb 8.8 10.1 11.2 9.3 10.9 0.8
Mar 9.6 11.4 13.0 10.7 11.9 05
Apr 10.4 12.7 13.8 12.4 13.3 0.6
May 12.6 135 SN 130 14.0 05
Jun 13.0 14.1 15.2 14.2 14.7 0.6
Jul 12.9 13.7 14.4 135 14.4 0.6
Aug 127 13.4 141 13.3 14.0 0.6
Sep 12.3 13.3 13.8 13.0 13.9 0.6
Oct 11.8 13.0 13.7 12.8 13.6 0.6
Nov 10.3 11.9 13.1 11.1 12.4 0.5
Dec 9.0 10.5 11.4 9.5 11.4 0.9

Table 6: Projected Changes in Average Monthly Low Temperature (°C) - Yellow shading indicates
when the new average is equal to that occurring approximately one in every three years (> 1 SD)
compared to 1961-1990; red shading indicates when the new average is equal to or greater than that
occurring one in every twenty years (>2 SD) compared to 1961-1990.

Scenario

Month 1.5°C 2°C 25°C 3°C 3.5°C 4°C

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
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Precipitation

Table 7: Observed Average Monthly Precipitation (mm/month) with a comparison of the amount
of change occurring between 1961-1990 and 1991-2020. Wettest refers to the wettest year in the
30-year period, driest to the driest year. In the wettest and driest columns, yellow shading indicates
precipitation amounts that exceed 1 SD above (wettest year) or below (driest year) the 1961-1990
average, i.e. amounts comparable to those that occur approximately one in every three years during
1961-1990; red shading indicates precipitation amounts occurring one in every twenty years compared
to 1961-1990 (> 2 SD for wettest year, < 2 SD for driest). One way of looking at this is these years
could be seen as “proxies” for what an average year in the future looks like.

1961-1990 1991-2020 Difference 91-20 to 61-90
Month Wettest Average Driest Wettest Average Driest Average
Jan 15.7 2.6 32.2 12.9 3.7 -2.8
Feb 14.5 2.5 10.5 2.4 -4.0
Mar 16.8 4.8 16.5 25 -0.4
Apr 37.1 8.8 71.2 35.6 9.4 -15
May 134.1 56.9 165.1 95.5 31.0
Jun 276.3 360.1  273.1 [i288N -3.2
Jul 355.4 2064 714 336.8 179.2 75.1 -27.2
Aug 168.9 69.1 178.9 101.0 10.0
Sep 380.9 257.9 251.3 139.6 -6.6
Oct 168.3 186.4 |GG 18.1
Nov 50.8 54.0 9.1 3.3
Dec 24.8 24.9 4.7 0.0

Table 8: Projected Average Monthly Precipitation Change (mm) - Yellow shading indicates when the
new average is equal to that occurring approximately one in every three years (> 1 SD) compared
to 1961-1990; red shading indicates when the new average is equal to or greater than that occurring
one in every twenty years (>2 SD) compared to 1961-1990.

Scenario
Month 1.5°C 2°C 25°C 3°C 35°C 4°C
Jan 23 32 42 50 -5.9 -6.8
Feb -1.9  -27 -3.4 -42 -4.9 -5.6
Mar 22 32 40 -49 -5.8 -6.6
Apr -35 -5.0 -6.4 -738 91 -104
May 54 77 -100 -122 -144 -16.5
Jun -20.7 -292 -376 -458 -53.7 -61.5
Jul -42.3 -584 -73.4 -87.3 -100.1 -112.0
Aug -15.9 -225 -28.8 -35.0 -41.0 -46.7
Sep -48 -6.9 -89 -11.0 -13.0 -15.0
Oct 8.0 114 149 18.3 21.8 25.2
Nov -06 -0.38 -1 -13 -1.6 -1.8
Dec -0.8 -1.2 -15 -19 23 -2.6
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Drought/Waterlogging

The drought metric used here measures severe meteorological drought (SPEI12, -1.5). It is the
metric often used when looking at potential drought issues for agricultural and natural lands. The
metric looks at droughts developing over the preceding 12 months before the ‘counting’ begins.
Thus, an area identified as having a maximum drought duration of 12 months has been in drought
for up to 24 months. The values in the table are calculated for the 30-year period for the observed
or warming level given. Waterlogging is the reverse of the drought metric (SPEI12, +1.5) and is an
indication of areas having excess moisture for extended periods, potentially leading to waterlogged
soils.

Table 9: Observed number of months in severe drought or waterlogged in a 30-year period with a
comparison of the amount of change occurring between 1961-1990 and 1986-2015.

1961-1990 1986-2015 Difference 86-15 to 61-90

In drought 17 48.5 31.5
Waterlogged 25 7.8 -17.2

Table 10: Observed maximum number of consecutive months in severe drought or waterlogged in
a 30-year period with a comparison of the amount of change occurring between 1961-1990 and
1986-2015.

1961-1990 1986-2015 Difference 86-15 to 61-90

In drought 12 12 0
Waterlogged 10 3 -7

Table 11: Changes in number of months in severe drought or waterlogged in a 30-year period.

1.5°C 2°C 25°C 3°C 35°C 4°C

In drought 64.3 99.3 1309 156.8 180.1 198.1
Waterlogged -16.8 -17.7 -176 -17.9 -17.7 -17.1

Table 12: Changes in maximum number of consecutive months in severe drought or waterlogged
in a 30-year period.

1.5°C 2°C 25°C 3°C 35°C 4°C

In drought 140 202 394 591 772 931
Waterlogged -6.1 -7.2 -7.0 -7.2 -12 7.2
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Population

Table 13: Projected population for the years 2010 through 2100 at a 1 km? spatial resolution. These
data are provided both in terms of the population within the protected area boundary, and those
within an area including a 15 km wide buffer zone around the boundary. The data from 2000 and
2010 are interpolations of observed population sizes, the other periods are projections of future
change in a 'middle-of-the-road’ scenario with historical patterns of development continued through
te 21st century.

Area 2000 2010 2030 2050 2070 2090 2100

Within region 1,243 1,639 2,260 2,774 3,123 3,313 3,349
Region plus buffer 241,353 311,158 431,195 525,649 585,903 615,612 619,409

Landcover changes

Table 14: Percent landcover in 1992 and 2020, and change in landcover (300 m resolution). These
figures are provided to assist in understanding how landcover has changed over time as this may
have had immediate biodiversity implications in the area.

Landcover class % in 1992 % in 2020 change (%)
Tree cover, broadleaved, evergreen, closed to open 100 100 0
(>15%)
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Biodiversity

The biodiversity information presented comes from models projecting climate suitability for ~135 000
terrestrial fungi, plants, invertebrates, and vertebrates. Resolution ~1km?,

Local Extinction Risk

Table 15: Percentage of species in different taxonomic groups projected to be at risk of local ex-
tinction owing to changes in climate alone. Yellow shading indicates areas projected to become
climatically unsuitable for >25% of the species studied (by group); orange shading indicates areas
projected to become climatically unsuitable for >50% of the species studied; and red shading indi-
cates areas projected to become climatically unsuitable for >75% of the species studied. NA means
there is insufficient data for that group in that area.

Taxa 1.5°C 2°C 3°C 4°C
Biodiversity 20.8 26.2 36.3 457
Plants 159 20.6 30.4 40.2
Ferns 19.4 258 39.7 | 52.9
Mosses 144 206 352  50.7
Pines 10.1 137 228 339

Flowering plants 157 20.2 289 37.6
Magnoliopsida 153 198 286 37.1

Liliopsida 16.8 21.4 30.4 39.2
Grasses 123 162 245 33.6
Lilies 185 209 276 355
Orchids 172 220 309 39.8
Palms 18.1 239 38.2 | 51.1
Vines 8.7 11.2 16.7 231

Timber species 10.1 132 198 27.6
Animals 31.6 38.0 47.6 549

Arthropoda 39.4 469 57.2 64.5

Arachnida 223 276 349 40.1
Spiders 18.0 233 314 355

Insecta 3905 47.1 575 64.8
Bees 23.1 28.6 37.7 453
Beetles 40.0 46.4 55.7 619
True Bugs 477 547 664 7238

Flies 46.1 546 67.3 [75.9

Lepidoptera 46.0 543 655 7238
Butterflies 153 196 276 351
Moths 55.1 64.3

Dragonflies 20.6 26.1 37.2 483

Pollinators 18.8 242 321 39.6

Chordata 153 193 270 34.1
Ampbhibia 172 21.1 29.6 37.8
Aves 169 21.1 30.0 37.6
Mammals 10.3 13.0 18.1 24.1
Reptiles 94 122 179 236
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Species Richness Remaining

Figures 1 to 9 show the average percent of the species (species richness) remaining within the
boundaries of the area (also depicted on the map as a solid black line) for selected groups. This
shows the spatial variability in the potential patterns of loss.

15°C

- T N——
0,
® 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Figure 1: Percent overall biodiversity remaining at 1 km resolution.
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Plants
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Figure 2: Percent plants remaining at 1 km resolution.
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Amphibians
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Figure 3: Percent amphibians remaining at 1 km resolution.
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Birds
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Figure 4: Percent birds remaining at 1 km resolution.

Price, J., Forstenh3usler, N., Graham, E., Osborn, T.J., and Warren, R. (2024) Report on the observed climate, projected
climate, and projected biodiversity changes for Santa Catalina y Anexo Joya Carbonera under differing levels of warming.

Report of the Wallace Initiative.



Mammals
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Figure 5: Percent mammals remaining at 1 km resolution.
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Reptiles
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Figure 6: Percent reptiles remaining at 1 km resolution.
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Insects
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Figure 7: Percent insects remaining at 1 km resolution.
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Pollinators
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Figure 8: Percent pollinators remaining at 1 km resolution.
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Figure 9: Percent timber species remaining at 1 km resolution.
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Refugia

Table 16 shows the percent of the area remaining a climatic refugium for different groups of species.
Climatic refugia are defined as areas remaining climatically suitable for >75% of the species in each
group. The two columns, for each warming level, are >0 (meaning at least one climate change model
projects that the area is a refugium) and >10 (meaning that at least half of the models project an
area is a refugium). The shading is — darker green, >75% of the area is a refugium; medium green,
50%-75% of the area is a refugium; light green, 25%-50% of the area is a refugium; and white, less
than 25% of the area is a refugium.

Figures 10 to 17 show the number of climate models agreeing that a particular pixel (cell) is a
refugium for the taxa indicated. These maps provide a spatial representation of the agreement in
the models (or areas with potentially lower uncertainty) to be refugia for the different groups as well
as how this potentially varies within the area under study.
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Table 16: Percentage of area remaining a climatic refugia (i.e., remaining climatically suitable for >
75% of the species across > 11 climate models) for different taxonomic groups at 1km resolution.

1.5°C 2.0°C 3.0°C 4.0°C
Taxa >0 >10 >0 >10 >0 >10 >0 >10
Biodiversity 19.1 474 191 474 0.0 19.1 0.0
Plants 19.1 434 138
Ferns 19.1 19.1 0.0
Mosses 19.1 191 1338
Pines 474 474 191

191 434 138
191 434 1338

Flowering plants
Magnoliopsida

Liliopsida 19.1 434 0.0
Grasses 474 474 19.1
Lilies 19.1 474 138
Orchids 19.1 434 0.0
Palms 19.1 0.0
Vines 47.4

Timber species 19.1
Animals 19.1 474 . 0.0

Arthropoda 19.1 191 0.0 138 0.0
Arachnida 19.1 ['57.9° 138 138 0.0

Spiders 474 A74  A74 474 19.1 474 1338
Insecta 19.1 474 191 191 0.0 138 0.0
Bees 47.4 (862N 191 474 191 434 00
Beetles 19.1 474 191 191 0.0 138 0.0

True Bugs 474 191 474 138 191 00 00 0.0
Flies 191 474 191 191 00 138 0.0
Lepidoptera  47.4 19.1 474 138 191 00 138 0.0

Butterflies 47.4 [100:07 47.4 [10007 19.1

Moths 474 191 474 138 19.1 0.0 138 0.0
Dragonflies 47.4 474 474 191 474 138
Pollinators 19.1 0.0
Chordata 19.1
Amphibia 13.8
Aves 13.8
Mammals 47.4
Reptiles 47.4
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Figure 10: Number of models in agreement for overall biodiversity refugia at 1 km resolution.
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Figure 11: Number of models in agreement for plant refugia at 1 km resolution.
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Amphibians
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Figure 12: Number of models in agreement for amphibian refugia at 1 km resolution.
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Birds
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Figure 13: Number of models in agreement for bird refugia.
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Mammals

Figure 14: Number of models in agreement for mammal refugia at 1 km resolution.
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Reptiles
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Figure 15: Number of models in agreement for reptile refugia at 1 km resolution.
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Insects
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Figure 16: Number of models in agreement for insect refugia at 1 km resolution.
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Pollinators
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Figure 17: Number of models in agreement for pollinator refugia at 1 km resolution.
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Adaptation Effort

Figures 18 to 25 present a spatial representation of the potential ‘adaptation e