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Recent assessment reports by the Intergovernmental Panel on Climate Change (IPCC) and the Intergov-
ernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) have highlighted the
risks to humanity arising from the unsustainable use of natural resources. Thus far, land, freshwater, and
ocean exploitation have been the chief causes of biodiversity loss. Climate change is projected to be a
rapidly increasing additional driver for biodiversity loss. Since climate change and biodiversity loss impact
human societies everywhere, bold solutions are required that integrate environmental and societal objec-
tives. As yet, most existing international biodiversity targets have overlooked climate change impacts. At
the same time, climate change mitigation measures themselves may harm biodiversity directly. The Con-
vention on Biological Diversity’s post-2020 framework offers the important opportunity to address the
interactions between climate change and biodiversity and revise biodiversity targets accordingly by better
aligning these with the United Nations Framework Convention on Climate Change Paris Agreement and
the Sustainable Development Goals. We identify the considerable number of existing and proposed post-
2020 biodiversity targets that risk being severely compromised due to climate change, even if other
barriers to their achievement were removed. Our analysis suggests that the next set of biodiversity targets
explicitly addresses climate change-related risks since many aspirational goals will not be feasible under
even lower-end projections of future warming. Adopting more flexible and dynamic approaches to con-
servation, rather than static goals, would allow us to respond flexibly to changes in habitats, genetic
resources, species composition, and ecosystem functioning and leverage biodiversity’s capacity to con-
tribute to climate change mitigation and adaptation.

biodiversity | ecosystem services | sustainability | policy

Changes in biodiversity and ecosystem function must
be considered within the context of multiple pres-
sures. Over the last decades to centuries, the intensive
use of land, fresh water, and oceans with the extrac-
tion of marine and freshwater organisms, wood, and
agricultural commodities has dominated the loss of
biodiversity and the deterioration of ecosystems

globally (1, 2). Approximately 70–75% of the ice-free
land area is affected by human use, nearly 50% inten-
sively so. Since 1961, cropland production increased
by about 3.5 times and production of animal products
by 2.5 times, supported by a massive enhancement of
fertilizer input (+800%) and freshwater withdrawal
(+100%) (3, 4). Demand for fish has increased
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by >3% per year (5), and more than half of edible fish consump-
tion stems from capture fisheries (6). In absence of strong conser-
vation policies and changes in per capita consumption,
agricultural expansion is projected to further hasten species ex-
tinctions (4, 7–9), while the world fish production (capture and
aquaculture) is projected to increase by 18% between 2016 and
2030 (5, 9). In addition to the pressure from direct exploitation, the
detrimental impacts of multiple pollution sources all are also
harmful to marine, freshwater, and terrestrial biodiversity (9)
(Fig. 1). Continued human population growth and the concomi-
tant increase in per capita consumption raise serious concerns
about the acceleration of overexploitation and pollution of eco-
systems (3, 9). Recent assessment reports by the Intergovernmen-
tal Panel on Climate Change (IPCC) and the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) have highlighted the risks to humanity arising from the
unprecedented and unsustainable use of natural resources (1–3),
with serious negative consequences for biodiversity and the sup-
ply of multiple ecosystem services and hence, for human well-
being and the achievement of many conservation targets and
Sustainable Development Goals (SDGs).

Climate Change, the “New Kid on the Biodiversity Block”
The existing pressures will continue to aggravate the effects of
human-driven climate change on biodiversity. Although climate
change has so far not been shown to be a primary driver of the
current loss of biodiversity and ecosystems (1), a rapidly increasing
range of observations is indicative of widespread and pervasive
impacts of climate change across the structural, compositional,
and functional dimensions of biodiversity, from genes to ecosys-
tems (9, 10) (Figs. 1 and 2 and SI Appendix). For instance, recent
climate change has likely worsened habitat loss and fragmenta-
tion in >18% of terrestrial ecoregions, containing >50% of ter-
restrial vertebrate species (7). Species have been documented to
be moving poleward, with an estimated decadal average shift of
17 km for terrestrial and 72 km for marine taxa (11). In mountain re-
gions, significant upslope movements have been documented (11).

Projections of climate change impacts on species diversity are
fraught with large uncertainties (9), but model projections show-
ing that climate change will become a significant driver of change
for all systems are coherent with the existing observations. In
some regions, climate change is expected to outpace other im-
portant drivers of biodiversity loss in the coming decades (9). A
substantial fraction of marine, aquatic, and terrestrial species may
be at risk of extinction during the 21st century due to climate
change (9, 10, 12, 13). These extinction risks are based on pro-
jected decreases in populations’ range or size, with large vari-
ability depending on regions, taxonomic groups, whether or not
time inertia referred to as “extinction debt” is considered, and
whether or not adaptation of species to climate change (due to
both intraspecific diversity and rapid evolution) could reduce
species vulnerability (9) (SI Appendix, section 2).

Other than species extinctions, a large variety of other con-
sequences for biodiversity, ecosystem functioning, and ecosys-
tem services is also expected (Figs. 1 and 2). Many of these
impacts are likely even for mean global temperature increases
below 2 °C and have been reviewed elsewhere (e.g., refs. 9 and
14). We thus only briefly revisit these here and in doing so, identify
specifically the common features across marine, terrestrial, and
freshwater systems.

Direct temperature impacts are expected to be strongest for
ectotherms. Marine corals have received particular attention since

even for a warming of only 1.5 °C globally, 70 to 90% of tropical
coral reefs may be severely degraded or go extinct by 2050 (14,
15), projections that are in line with recent observations (16).
Warming, combined with deoxygenation or food limitation, may
cause reductions in the mean body size and abundance of fish and
other marine ectotherms by the end of century and thus, lead to
negative interactions with fishing, which also reduces fish size and
abundance significantly (Fig. 1) (17, 18). On land and in freshwater
ecosystems, tropical ectotherms will be negatively affected in
response to warmer temperatures since they already live at tem-
peratures close to their optimum. In case of amphibians and
strictly aquatic species, changes in precipitation patterns will play
an additional crucial role (19). It remains unresolved whether
shrinking body size will be a uniform response across terrestrial,
freshwater, and marine ecto- as well as endotherms (20–22) since
endotherms (and homeotherms) are physiologically buffered from
some direct effects of rising temperatures. For marine, freshwater,
and land mammals or birds, climate change impacts thus are
expected to be realized most strongly through restriction in their
range (23, 24).

Where there are no barriers to movement, warmer tempera-
tures likely result in continued poleward and altitudinal shifts of
species and entire biomes, with particularly rapid changes in high
latitudes due to the greater warming in these regions compared
with the rest of the earth (25–27). Within ecoregions, climate
change will alter active-season lengths and seasonal patterns.
Species are expected to respond to these changes by shifting
their phenology: for instance, leaf out and flowering, seasonal
migration, or breeding (10). The changing interplay between
species and their abiotic environment can also result in shifts in
consumer–resource interactions, as already demonstrated through
empirical evidence, including losses of top predators or top
herbivores (10, 22, 28, 29).

Rising levels of CO2 in the atmosphere, in addition to ad-
vancing climate change, have contributed to the observed shifts
from grasslands to increasingly woody-dominated vegetation in
semiarid regions (30). They also lead to ocean and freshwater
acidification, which is expected to reduce growth rates in calci-
fying phytoplankton and organisms like gastropods, crustaceans,
shellfish, or corals, whereas some primary producers might benefit
from increased CO2 (31–33). Direct effects of CO2 thus can have
knock-on effects across all systems on food web structures and for
the integrity of the habitats (32, 33). In many regions, climate
change together with rising atmospheric CO2 is expected to en-
hance the already observed biotic homogenization caused by
direct human impacts, such as fishing and agriculture by favoring
generalists (34, 35) (Fig. 2 and SI Appendix, section 2).

The impacts of the frequency and severity of weather extremes
have been much less studied than impacts of mean climate
change effects but may be important determinants of the resil-
ience of communities: for instance, through the capacity of spe-
cies to follow shifting habitats (11). More pronounced or frequent
periods of drought or heat waves could impact disproportionally
diversity in regions already hot and/or dry today (36), as species
already survive close to physiological limits. As an additional
factor, the combinations of abiotic and biotic characteristics that
have not been observed in the past might lead to the emergence
of novel communities, in which species will co-occur in historically
unknown associations (22). Climate change (and on land, atmo-
spheric CO2) can also be favorable to some species in cases when
it provides more resources for growth, reproduction, and distribu-
tion (10). As such, climate change may enhance the accelerating
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pressure from biological invasions that follow from direct human
introductions (37).

Taken together, the expected climate-driven changes in spe-
cies ranges, community composition, and physiology will not only

greatly enhance the existing pressures on biodiversity but also
lead to “no-analog” challenges for conservation. Without the use
of climate change impact scenarios for their implementation,
static biodiversity conservation goals, as stated in the current Aichi

CORAL REEFSTUNDRA AND HIGH MOUNTAIN HABITATS

TROPICAL AND SUBTROPICAL DRY
AND HUMID FORESTS

MEDITERRANEAN FORESTS WOODLANDS
AND SCRUB

POLAR SEAS

TROPICAL AND SUBTROPICAL SAVANNAS
AND GRASSLANDS

COASTAL WETLANDS

DEEP SEAS

DESERTS AND XERIC SHRUBLANDS
Biomes move up- and polewards and area
contracts; potential for large carbon losses
due to permafrost melt, longer growing season

Increased productivity

Increased productivity

Increasing pressure on local communities
(e.g. reindeer herding)

Dryland area expansion

Increased vegetation cover at desert edges
due to enhanced water use efficiency

Intensification of agriculture expected to enhance
degradation, desertification and biodiversity loss

More widespread and frequent coral bleaching
episodes due to sea warming

Acidification decreases growth rate

Land-borne nutrient loads increases the vulnerability
of corals to bleaching

Protecting fish that graze corals' macroalgal
competitors can help the recovery of coral reefs

Expansion of forested area, e.g. as part of climate
mitigation efforts or due to increasing timber demand

Risk of expansion of invasive alien species 
considered high for temperate mixed forests, temperate
deciduous forests and coniferous cool forests

Migration of trees into tundra; at lower latitudes,
shift of conifer-dominated vegetation towards
deciduous species; increased risk of drought,
fire and insect outbreaks Higher CO2 might shift vegetation

towards forbs and legumes

Scenarios differ depending on whether
intensification (incl. conversion to cropland)
or expansion of rangelands is projected

Vegetation composition shifts
(grasses vs. forbs), depending on temperature
and precipitation changes

Fertilisation and enhanced water use efficiency
compensates to some degree the detrimental
climate change impacts
Unless deforestation is halted, further loss
of fractional cover and species diversity; restoration
provides opportunity to restore biodiversity
and carbon stocks

Degradation (e.g., reduced plant cover
or biomass stocks), increased fire risk; species
most vulnerable are those at today’s dry end
of humid forest region Shift towards woody vegetation, with associated

changes in fire regimes (reduced area burnt)
Pressure of land conversion continues in many
scenarios, with continued conversion of savannas
to cropland (i.e. Africa), with associated large losses
of biodiversity and carbon

Projected impacts differ between continents,
likely because variable interplay of factors
that shape savannas

Productivity of wetlands vegetation expected
to increase

Resilience of wetlands to SLR reduced
by infrastructure barriers, if accommodation space
and sediment supply are not managed properly

Increase in N and P discharge increases risks
of harmful algal blooms and eutrophication of coastal
waters, and subsequent expansion of hypoxic waters

Habitat loss due to SLR, storm surges
and cyclones. Seagrass most affected by
temperature rise. Poleward and landward shift
of mangroves may displace saltmarshes

Enhanced photosynthesis and water use
efficiency compensates to some degree
for detrimental climate change impacts

Declining precipitation could accelerate
agricultural abandonment

Biodiversity and productivity vulnerable
to more frequent droughts, and changes
in wildfire regimes

Acidification decreases growth rate
of calcifying organisms

Fish production increases in polar seas due to CC,
but the expansion of fisheries in the Southern Ocean
puts species at risk

Overexploitation endangers deep sea populations,
due to their slow growth rates. Oil, gas and mineral
extraction negatively impact habitats and species

Sea-ice habitat loss and high risk of ice-free
arctic summer threaten many species,
from low TL (Antarctic krill) to top predators
(polar bear, emperor penguin)

Biodiversity negatively impacted
by deoxygenation, acidification, decreasing
particulate organic carbon flux to the seafloor

OPEN OCEANS 

Acidification decreases growth rates
of calcifying organisms

BAU plastic production is exponential and threatens
marine foodwebs at all TLs
Fish demand continues to increase, especially
in developing countries. BAU fishing increases
the proportion of overexploited species
and decreases fish size

Global decrease in primary production
and fish biomass. Poleward range shift
of species, local extinctions in the tropics

TEMPERATE AND BOREAL FORESTS
AND WOODLANDS

TEMPERATE GRASSLANDS

Climate change

concentration

Land-use change

Invasive alien species

Pollution

Resource extraction

Coastal development 

Fig. 1. Examples of future projected impacts of climate change (CC) and CO2 on biodiversity and ecosystem processes, which can interact with
other major drivers of change (such as land use change, resource extraction, and pollution, among others). Examples are given for terrestrial and
marine biomes. Impacts of CC and atmospheric CO2 concentration are in bold. BAU, business as usual and/or high-emission scenarios; SLR,
sea-level rise; TL, trophic level. Modified with permission from ref. 9.
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Targets 11 and 15 of the Convention of Biological Diversity (CBD;
on protected areas and restoration of degraded ecosystems, re-
spectively) (Table 1 and SI Appendix, Table S1) are therefore in-
adequate for achieving conservation goals and their contributions
to multiple other sustainable development objectives.

Climate Change Impacts on Ecosystem Functioning and
Services through Changes in Biodiversity
Observed impacts of climate change and increasing atmospheric
CO2 concentrations on biodiversity, habitat quality, biotic in-
teractions, and organism’s physiology raise concerns about ac-
celerating the overall loss of functional diversity and ecosystem
services (35, 38, 39). How altered species composition and
ecosystem functioning will impact multiple ecosystem services
in different regions remains largely unquantified: appropriate
process-based models that capture the complex interactions
between biodiversity and ecosystem functioning globally do not
yet exist (9). Nevertheless, some model simulations address how

climate and CO2-induced changes in species and functional
groups composition will alter regulating and provisioning
services.

In a high CO2 world, plants with the C3 photosynthetic path-
way generally increase the efficiency with which they use water (2),
which underpins projections of increased catchment runoff,
impacting freshwater ecosystems both directly and through the
enhanced inflow of dissolved organic carbon. The CO2 effects
compensate to some degree the expected reduced net primary
productivity and ecosystem carbon uptake arising from hotter and
drier climate, but accelerated carbon losses from the large stores
in northern peatlands and permafrost soils or from tropical eco-
system vegetation in response to warming and drying are very
likely (40, 41). Likewise, future uptake of carbon from the atmo-
sphere in marine systems will depend on net primary productivity
from phytoplankton in addition to physical processes (dissolution
and mixing), with a projected decline in net primary productivity
by the end of the century (42).

Ecosystem 
services 
provided by 
landscapes 
and seascapes

Ecosystem 
services 
provided by 
ecosystems

Land and sea use 
(human-made 
ecosystems)

Genetic and 
phenotypic

diversity

Species range, 
population size 

and
functioning

Climate change
Land and sea use

Overharvesting
Pollution

Ecosystem
services 
provided 
by species

Change in selection 
under climate change 

and anthropogenic 
impact

GD 

S3

E3

SD3

S1S2

SD1

SD4

E2

ED1

ED2

ED3

SD2

Human-driven 
alien species 

invasions

Climate change
Land and sea use

Pollution
Impact of alien species 

on habitats

Climate change
Land and sea use

Ecosystem

Species
diversity

Species

Intrapopulation 
and 

intraspecific 
diversity

Diversity of 
ecosystems 

in landscapes, 
seascapes and 

in regions

Ecosystem 
functioning 

of landscapes 
and 

seascapes

Diversity of 
ecosystems

Landscape
Seascape

DIRECT
DRIVERS

BIODIVERSITY
LEVELS

BIODIVERSITY
PARAMETERS

ECOSYSTEM
SERVICES

Species 
diversity and 
composition

E1

Ecosystem
area,

fragmentation
and 

functioning

Fig. 2. Interrelations and feedbacks between hierarchical levels that are important for the future of biodiversity and ecosystem functioning.
Direct drivers of global change affect all levels of biodiversity, either directly (white arrows) or indirectly through interactions between levels
(gray arrows). Self-reinforcing feedbacks can potentially significantly increase expected negative effects of global change drivers. Modified with
permission from ref. 9. E, effects of changes in structure and functioning of ecosystems; ED, effects of changes in diversity of ecosystems, and
heterogeneity of landscapes and seascapes; GD, effects of changes in genetic and phenotypic diversity; S, effects of changes in functioning,
population size, and range of individual species; SD, effects of changes in local species diversity, species composition, and interspecific relations
(SI Appendix, section 2).
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Table 1. Conservation targets directly impacted by climate change

Climate & 
CO2 

impacts

Shift & 
contrac-
tion of 
habitats 

Altered 
ecosystem 
function

Changes 
in com-
munities

Local & 
global ex-
tinctions 

Shift & 
contrac-
tion of 
species 
ranges

De-
crease 
in body 
size

Shift in 
seasonal 
processes

Direct 
CO2 

Effects

Indicated in 
Fig. 2

Control inva-
sive alien spe-
cies & slow 
introductions:
AT 9; SDG 
15.8; POST20 
T5 (all)
NbS for cli-
mate change 
mitigation & 
adaptation:
AT 14, 15; SDG 
6.6, 14.2, 15.1, 
15.2, 15.3, 15.4; 
POST20 GB1, 
T7 (all)

Matrix-table of projected effects of climate change on biodiversity (top row) that can interfere with conservation objectives and hence the achievement of Aichi
Targets (AT), the draft action targets in the post-2020 Global Biodiversity Framework (POST20, with Components of the Goals = G and the Target Actions = T; see
https://www.cbd.int/sbstta/sbstta-24/post2020-monitoring-en.pdf), or Sustainable Development Goals (SDG & target number)(left column). Objectives related to the
improvements of biodiversity status: cells highlighted in pale green; those related to addressing direct drivers: cells highlighted in pale blue. For the climate change
and CO2 impacts on species, communities and ecosystems see literature cited in the table, the text, Fig 2, and the SI Appendix. An overview of the listed AT, POST20
and SDGs is provided in the SI Appendix, Table S1. The associations with AT, POST20 and SDG are expert-based, made by the authors of the manuscript; the
interference of climate change and rising CO2 with conservation objectives and associated targets is indicated for: marine; freshwater; terrestrial
ecosystems. Some of the targets relate to several conservation objectives. Large symbols indicate strong, well-documented pervasive interference; regular size
indicates moderate, well-documented interference; small size indicates weak interference or lack of strong evidence (but reasonable supposition); empty cells: little
evidence for interference. NbS, Nature-based solutions.

30886 | www.pnas.org/cgi/doi/10.1073/pnas.2009584117 Arneth et al.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 8
4.

21
.2

05
.1

31
 o

n 
Ja

nu
ar

y 
18

, 2
02

3 
fr

om
 I

P 
ad

dr
es

s 
84

.2
1.

20
5.

13
1.

https://www.cbd.int/sbstta/sbstta-24/post2020-monitoring-en.pdf
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2009584117/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2009584117/-/DCSupplemental
https://www.pnas.org/cgi/doi/10.1073/pnas.2009584117


In dry and hot regions, projected negative impacts of reduced
herbaceous productivity on land have been shown to translate
into reduction in livestock production, with detrimental economic
impacts (43), and to reduce crop yields (44). Moreover, crop
production serves as an illustrative example of the links between
provisioning ecosystem services, regulating services, biodiversity,
and climate change. Approximately 5 to 8% of production (by
volume) would be lost annually without pollinators (45). Climate
change thus may affect food supply not only through suitability of
crops and its direct impact on yields but also, through shifts in the
range of plant–pollinator networks. This loss would have over-
proportional effects on human health and the economy since
pollination-dependent crops tend to be nutritious (fruits, nuts)
and/or cash crops (coffee) (45). Other climate change impacts on
human societies through changes in biodiversity range from the
distribution of vector-borne diseases such as malaria, which are
reaching new areas, to changes in cultural (nonmaterial) ecosys-
tem services through impacts on recreation and cultural identity
driven by species migrations and extinctions (11, 46).

Despite the inherent limitations of a purely economic valua-
tion, the large estimated total economic value of marine, fresh-
water, and terrestrial ecosystems (nearly 125 trillion US dollars
[2007 values]) (46) is indicative of the importance of ecosystem
services to human society and the potential risks arising from cli-
mate change to both economic wealth and human well-being.
While global-scale simulation studies are scarce, the existing lit-
erature points unequivocally toward disproportionate climate
change impacts on poor societies both for material and nonma-
terial benefits (e.g., refs. 43 and 47–50).

Climate Regulation and Feedbacks Related to Biodiversity
Feedbacks could either enhance the solution space regarding
climate change mitigation and/or biodiversity conservation mea-
sures or increase the risk of breaching thresholds and “tipping
points.” In the global climate system, for instance, changes in
marine and terrestrial carbon uptake and losses underpin prom-
inent feedbacks, which amplify the original CO2 and climate
forcing in many scenarios (51). These feedbacks are directly
caused by changes in species’ physiologies and shifts in functional
diversity, which have received only limited attention (51). It is the
altered metabolism of marine phyto- and zooplankton in response
to climate change and rising CO2 that feeds back to atmospheric
CO2 and climate via effects on the biological pump (52). On land,
shifts toward coniferous forests in what is currently tundra or to-
ward drought-tolerant vegetation in the tropics could dampen the
expected negative impacts of climate change on productivity and
carbon uptake (51). Additionally, climate–ecosystem–carbon
feedbacks exist beyond shifts in autotrophic organisms. Even
though animals have long been considered to play a negligible
role in carbon cycling in natural ecosystems, herbivory demon-
strably reduces autotrophic biomass, enhances light transfer into
plant canopies or deeper water, and increases nutrient input to
the soil and sediments through its impact on litter amount and
quality (38, 52). Cascading trophic effects triggered by top
predators or the largest herbivores propagate through food webs
and reverberate through to the functioning of whole ecosystems.
On land, experimental evidence shows the ecosystem conse-
quences of the presence or absence of herbivores and carnivores
to be quantitatively as large as the effects of other environmental
change drivers such as warming, enhanced CO2, or variable ni-
trogen deposition (53). If “zoogeochemistry” (38) is indeed as
important as abiotic climate change factors, as suggested by

experiments and field observations, neglecting the broader role
of carnivores, grazers, and browsers in modulating ecosystems’
responses to climate change is an important oversight.

Biodiversity is also integral to ecosystem–climate feedback
loops beyond carbon cycle processes. Changes in vegetation
cover alter the local surface–atmosphere exchange of energy and
feedback to regional climate, which can either enhance or reduce
warming, depending on the regions where this occurs (54). Global
warming exacerbates changes in plankton species composition,
blooms of cyanobacteria, and eutrophication, which will in turn
contribute to ocean/fresh water–atmosphere feedbacks: for in-
stance, through shifts in the emissions of dimethyl sulfide, a
component contributing notably to aerosol formation and cloud
processes (55). Quantifying the role of functional diversity across
all trophic levels in the climate system therefore can provide
highly relevant information in view of the expected continued
strong declines in species diversity arising from climate change
but also when designing conservation measures such as the ex-
pansion of protected areas, sustainable fishing, or rewilding.

The complex interactions between ecosystem processes,
atmospheric composition, and climate highlight the need to
account for climate change in conservation goals. Similar to
species-based goals to protect biodiversity, climate change
will also render static ecosystem protection goals inadequate.
Ignoring reinforcements between populations’ decline and loss
of genetic diversity, alteration of species composition, and
ecosystem functioning can lead to underestimation of possible
negative effects of climate change or other environmental pres-
sures (Fig. 2)—while the dynamic role of biodiversity in ecosystem–

climate feedbacks in turn will have to be factored in when designing
measures and assessing their potential success in reaching the
Paris Agreement’s goals.

Indirect Climate Change Effects: Cobenefits and Pitfalls of
Land-Based Climate Change Mitigation
Despite the wide range of benefits arising from limiting warming
to below 2 °C for all ecosystems and their biodiversity (ref. 14 and
references therein), the way climate change mitigation will be
implemented is as critical for the future for land and freshwater
ecosystems as limiting warming itself. Several prominent mea-
sures to achieve mitigation have been identified as being in
conflict with biodiversity conservation, the supply of many eco-
system services and human well-being.

The current large annual CO2 uptake in terrestrial ecosystems
[∼30% of anthropogenic emissions (51)] underpins climate change
mitigation scenarios of large-scale growth of bioenergy crops or
expansion of forest area, both aiming to achieve negative emis-
sions (56). As today’s land area is already heavily used and food
demand is projected to increase substantially, conversion of areas
(on average) equivalent to about one-third of today’s food crop
area or 10 to 15% of today’s forest area for mitigation purposes
(56) would enhance competition for land, place enormous pres-
sure on existing conservation areas, and impede land–area-
related biodiversity conservation measures (8, 57, 58). It would
also further aggravate hunger and loss of ecosystem services re-
lated to SDGs such as availability of clean water or clean air (1, 3,
58). These results are particularly pertinent in the light of studies
that have raised doubts on whether the projected cumulative
carbon uptake on land at the massive scales proposed could, in
fact, be achieved (59).

In contrast, avoiding further conversion of natural ecosystems
into managed lands should be a foremost priority in order to
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maintain carbon sinks and avoid large carbon emissions, as well as
provide large benefits for biodiversity. Given that land use con-
tributed on average 23% to total annual emissions (CO2 eq in
2007 to 2016) of CO2, N2O, and CH4, multiple mitigation options
exist on managed land (3), especially when complemented by
altered consumption and reduced per capita consumption in
high-income countries. When ecosystem processes are properly
taken into consideration, ecosystem-based mitigation measures
can have significant and cost-effective adaptation cobenefits that
target conservation purposes, supply of multiple ecosystem ser-
vices, and human well-being (3, 60, 61).

Climate Change and Global Biodiversity Targets
The Aichi Targets of the CBD and some of the SDGs have been
adopted to motivate actions to sustain biodiversity, and its con-
tributions to human well-being and societal development. Global
targets for biodiversity have been missed in the past, and the
world is still far from achieving most of the Aichi Targets by this
year’s deadline (1, 62). Even if these targets had been set for much
later in the future (2050 and beyond), evidence from scenarios and
modeling analyses show that many of them are unlikely to be
achieved for the vast majority of socioeconomic projections (9).

Biodiversity directly supports the achievement of at least 13
SDGs, rising to all 17 SDGs after indirect interactions are consid-
ered (63). At the same time, climate change has the potential to
undermine 16 SDGs (64). Climate change will exacerbate existing
conservation challenges if species lose suitable climate conditions
in currently protected areas and no replacement for these pro-
tected areas can be created or if economically valuable species
come under double pressure from human demand and climate
change. Considering climate change more directly in the formu-
lation and implementation of future biodiversity targets therefore
has clear cobenefits for addressing a wide range of environmental
and societal challenges. It also reduces the risk that measures put
in place for achieving a target will be ineffective.

Table 1 summarizes some of the chief impacts of climate
change on marine, freshwater, and/or terrestrial biodiversity and
assesses how these impacts hinder the achievement of two
overarching conservation objectives and related Aichi Targets and
SDGs: improving the status of biodiversity and addressing direct
drivers that underlie the loss of biodiversity. Several Aichi Targets
were not realistic or not well formulated under even low-end
scenarios of climate change. None explicitly address the ur-
gency of climate mitigation and adaptation as a critical compo-
nent of biodiversity conservation. For example, Aichi Target 10
calls for action to be taken to minimize multiple anthropogenic
pressures on vulnerable ecosystems impacted by climate change,
especially coral reefs, but makes no mention of the urgency to
hold climate change to the lowest levels possible while at the
same time implementing conservation measures. Aichi Target 12,
which aims to prevent the extinction of all known threatened
species and improve their conservation status would seem unre-
alistic given the evidence that climate change has already resulted
in significant range shifts and that even very low levels of future
climate change (i.e., 1.5 °C to 2 °C global warming) are projected
to reduce the range size of a substantial fraction of species and
put many species at high risk of extinction (10, 12–14). The pro-
jected climate change impacts on terrestrial and marine ecosys-
tems also seriously compromise meeting the targets for reducing
the degradation of terrestrial habitats and managing and har-
vesting sustainably all fish and invertebrate stocks (Aichi Targets 5
and 6).

The next set of targets in the post-2020 global biodiversity
framework are currently being designed (65). At this point in time,
four goals corresponding to the 2050 Vision on Biodiversity are
proposed, together with 20 action-oriented targets with a time
horizon of 2030, many of which can be mapped onto the existing
targets (SI Appendix, Table S1). In a similar spirit to the Aichi
Targets, Goal A of the post-2020 biodiversity framework calls for
substantial (as yet unquantified) reduction of the number of spe-
cies threatened with extinction, without acknowledging climate
change as a factor that could potentially impede the success of
any of the implemented conservation measures. Minimizing ad-
ditional stressors on ecosystems is vital for maintaining resilience
in the face of climate change, but ecosystems in many locations,
including tropical coral reefs, rainforest and savannas, or (sub-)
arctic tundra (Fig. 1), will be unable to adapt to moderate to high
levels of climate change even when other stressors are addressed;
climate change will enhance the risk of extinction for a consider-
able number of species (7, 10, 14). Climate change interactions
with land use and fisheries management (9) are not considered in
the relevant draft post-2020 action targets (POST20 Targets 8 and
9). The current version of the post-2020 targets only explicitly
addresses climate change and climate impacts in 1 of 20 pro-
posed targets (POST20 Target 7).

On the whole, suitable conservation measures will be hard to
implement based on static targets. For example, the size, place-
ment, and connectivity of protected areas need to account for
shifts and contractions of habitats and species distributions (66)
(Table 1). Like the current formulation of the protected areas tar-
get (Aichi Target 11), the corresponding draft post-2020 targets
might lead to static approaches to setting up and maintaining
protected areas, whereas flexible and dynamic measures will be
needed that allow us to account for spatial shifts in species and
communities (66). At the same time, it will be necessary to ac-
knowledge that in the face of climate change, conservation will be
much more about managing change; a return to a historical state
of biodiversity will be hard to achieve. References to adaptation in
the proposed 2020 targets rightly emphasize the role of nature-
based solutions in mitigating climate related disaster risk and at-
tenuating climate impacts on human livelihoods (e.g., POST20
Targets 7.1, 10.2, and 10.3). However, the framework, as drafted,
inadequately omits the need to reduce climate impacts and risks
to biodiversity itself and to enhance biodiversity with ecosystem-
based adaptation. This would warrant a separate target.

Because protection and restoration of habitats can contribute
substantially to climate change mitigation and adaptation, targets
related to reducing the degradation and unsustainable use of
land, freshwater, and marine resources thus offer clear cobenefits
for jointly achieving biodiversity and climate change objectives.
The post-2020 action targets explicitly call for ecosystem-based
management to factor in climate change mitigation (POST20
Target 7), strengthening considerably the earlier formulations in
the related Aichi Target 15. Enhancing the contribution of biodi-
versity to carbon stocks through conservation and restoration is
important since measures taken could also support a broader
range of objectives, such as those related to water (POST20 Tar-
get 10) and human health (POST20 Target 11). Successful
implementation of these measures is particularly likely if accom-
panied by actions targeting changes in human consumption (3),
which are being asked for in draft Target 15, which promises to be
a considerable step up from Aichi Target 4.

Given the well-established strong interactions between cli-
mate change and biodiversity, it is critical that these interactions

30888 | www.pnas.org/cgi/doi/10.1073/pnas.2009584117 Arneth et al.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 8
4.

21
.2

05
.1

31
 o

n 
Ja

nu
ar

y 
18

, 2
02

3 
fr

om
 I

P 
ad

dr
es

s 
84

.2
1.

20
5.

13
1.

https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2009584117/-/DCSupplemental
https://www.pnas.org/cgi/doi/10.1073/pnas.2009584117


be more explicitly addressed in the post-2020 global biodiversity
framework by

• highlighting the need to rapidly reduce anthropogenic
greenhouse gas emissions for strong climate change mitigation as
a fundamental contribution to protecting ecosystems and biodi-
versity,

• critically assessing which mitigation and adaptation mea-
sures to adopt in order to increase biodiversity or reduce risks to it
(including a related target),

• setting realistic targets given the unavoidable impacts of
future climate change on biodiversity,

• clearly identifying the contributions that biodiversity can
make to climate change mitigation and adaptation, and

• devising a process that will result in successful, continuous
monitoring of progress toward targets’ achievement in view of
impacts of climate change.

We suggest that measures taken to implement the post-2020
biodiversity targets need to consider all of the five points raised
above and should explicitly address climate change-related issues
within individual targets on drivers, impacts, and responses. This
should also contribute to position the POST20 targets as one
further piece to synergistically tackle climate change, together
with the SDGs and the Paris Agreement.

Climate, biodiversity, and sustainable development policies
are often disconnected and sometimes in conflict. However, cli-
mate change awareness across policy sectors comes with poten-
tially large gains as, for example, natural resources management
and conservation measures could also be reinforced by syner-
gistic approaches with engineering climate change mitigation
solutions. Putting in practice the cross-sectoral policy strategies
required to flexibly adjust conservation measures is challenging
and has so far not been achieved. It is critical therefore to identify
different visions, uncover hidden synergies, and identify barriers
toward implementation of goal-achieving policies. In dialogue
with policy decision makers and other key stakeholders, linkages
between societal values and conservation in a climate change
context can be identified and used to explore the effects of low-
regrets options as well as climate-targeted options for marine,
freshwater, and terrestrial conservations to respond flexibly to
changing circumstances (67–70). The concept of technological–
ecological synergies is based on the premise that mutually ben-
eficial relationships can be developed between technological/
interventional and nature-based management options and has
large potential for climate–biodiversity cobenefits (67). Still,
many of the options are likely to also lead to trade-offs between
different conservation goals (such as optimizing ecological
function or genetic resources via interventionistic approaches vs.

maintaining pristine ecosystems), which calls for adaptation ac-
tions adjusted to location-specific conditions that both ac-
knowledge these trade-offs and seek to minimize these across
broader spatial scales (69, 70). Rather than relying on fixed de-
cisions, conservation management strategies and their under-
pinning goals need to be adjusted and reassessed over time to
account for climate or socioeconomic developments, new
knowledge or technologies, and changing societal values
(67–70).

Concluding Remarks
Taking climate change into account as an up-front challenge for
biodiversity affects the formulation of new biodiversity targets
(71), the balance between biodiversity-focused adaptation and
ecosystem-based adaptation (72, 73), and their interactions with
other sustainable development objectives, as well as the mea-
sures that will be nationally and locally implemented to achieve
these. “Bending the curve” of biodiversity loss (73) and the am-
bition to retain, restore, and protect natural ecosystems (72) will
be difficult, if not impossible, to achieve, unless climate change is
considered explicitly as a main threat to biodiversity and ecosys-
tems. Since the strongest impacts of climate change are expected
to emerge in many regions from around midcentury onward, even
if biodiversity goals were seemingly achieved by 2030, such an
apparent achievement could well lead to a false sense of success
as it could be rapidly reversed in the decades to follow. Formu-
lating “climate-informed targets” and the associated dynamically
responsive policies is an immense challenge. Enhancing the dia-
logue between important conventions, such as the United Nations
Framework Convention on Climate Change (UNFCCC) and on
Biological Diversity (CBD), and the associated science-policy
platforms of the IPCC and IPBES could help align policy and
create added value to address this challenge. The POST20 targets
could become one further element in the global strategy against
climate change. A better alignment of conventions and scientific
assessments could also stimulate the urgent decarbonization of
the economy and ensure that climate change is minimized
through actions that benefit from rather than compromise
biodiversity protection.

Data Availability. All study data are included in the article and
SI Appendix.
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