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E N V I R O N M E N TA L  S T U D I E S

Can we bend the curve: Trends in global 
biodiversity scenarios
Flavia Aschi1,2*, Stefan C. Dekker1,3, David Leclère4, Alexandra Marques2, Christian Neumann5, 
Geanderson Ambrosio1, Detlef P. van Vuuren1,2

Internationally, it has been agreed to halt and reverse biodiversity loss, a commitment partly underpinned by 
model-based scenario analyses showing that bending the trend is possible. These scenarios provide insights into 
alternative future biodiversity trends and their drivers. Our meta-analysis differentiates scenarios that project 
biodiversity loss and that halt or reverse the trend based on their quantitative outcomes and explores their key 
characteristics such as scenario assumptions, drivers of loss, biodiversity indicators and models used. We found 
that bending-the-curve studies are scarce, and mostly do no account for climate change, which risks suggesting 
that the trend can be bent too easily. Our findings indicate that bending is only achievable with integrated efforts 
across different sectors, such as nature conservation, sustainable food production, diet change, and reduced food 
waste. To better support policymaking, scenarios should be based on model intercomparisons and use standardize 
indicators to allow comparisons across studies, account for additional drivers of loss to represent the real threats 
to biodiversity, and include more ambitious cross-sectoral actions to effectively bend the curve.

INTRODUCTION
As part of the Kunming-Montreal Global Biodiversity Framework 
(KMGBF) of the Convention on Biological Diversity (CBD), countries 
have agreed to take urgent action to halt and reverse biodiversity 
loss (1). However, despite these global commitments, under current 
policies global biodiversity is expected to further decline, largely as 
a result of human-induced climatic and environmental changes (2–4).

Model-based scenarios can be used for exploratory projections 
of biodiversity. They can provide insights into the consequences of 
current policies and trends, as well as alternative future pathways 
and policy choices that could affect biodiversity and achieve nature 
conservation objectives, such as the KMGBF goal (5–8). Scenario 
analysis often draws upon storylines of alternative future socioeco-
nomic development (8). Models are then used to quantitatively assess 
future trajectories of biodiversity and its drivers under these plausible 
scenarios (9). Such biodiversity scenarios often form a major com-
ponent of global biodiversity assessments [e.g., Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services 
(5, 10)]. Due to increasingly ambitious biodiversity goals and commit-
ments [e.g., Global Biodiversity Framework (GBF)], over time, the 
focus of global biodiversity scenarios has shifted from exploratory 
projections of future biodiversity trends to developing pathways to 
achieve desirable futures by identifying policy options to reduce or 
halt the rate of biodiversity loss (6, 11). Recently, scenarios have 
started to explore the type of actions needed to reverse biodiversity 
trends: This narrative of bending the curve of biodiversity loss has 
gained momentum over time (3, 12, 13).

Scenarios can inform policymakers about several key elements, 
including the most important drivers of biodiversity loss, actual progress 

in biodiversity using biodiversity indicators (BDIs) (14), the progress 
toward overall goals, and on the effective policy instruments. Impor-
tant drivers of biodiversity loss include, for instance, climate and land-
use changes, pollution, and invasive species (5, 15), but not all drivers 
are equally accounted for in scenario studies (16). Regarding trends 
in biodiversity, a variety of different indicators have been used because 
of the multifaceted nature of biodiversity and differences across mod-
els. However, this complicates the comparison of different scenarios and 
their utility to assess progress toward biodiversity goals (17, 18), and thus, 
there is a need to develop standardized indicators to measure progress 
toward global goals and allow comparisons across studies (14, 19–21).

The last systematic review of global biodiversity scenarios was 
published over a decade ago (18) and did not compare scenarios in 
terms of their ability to “bend the curve.” This means that we lack 
information on key determinants of biodiversity outcomes. In addi-
tion, no comprehensive review of scenario studies exists that inves-
tigates a number of key critical elements, such as the biodiversity 
indicator used, the drivers of biodiversity loss covered in the studies, the 
achievement of the scenarios, and their underlying policy assump-
tions. These elements have not been covered in earlier reviews (16, 18). 
Understanding possible modeling limitations of these elements 
in global biodiversity scenarios is urgently important, given the re-
cent commitment to new global goals, and the emergence of more 
policy-oriented global scenarios, including those consistent with the 
CBD goals.

Here, we aim to fill this knowledge gap by providing the most 
up-to-date quantitative systematic meta-analysis based on the com-
plete set of existing global biodiversity scenarios. We do so by (i) 
differentiating between nonpolicy (baseline and worst-case) and 
policy scenarios, based on their level of ambition toward global tar-
gets (reduce-loss, net-zero, and bending-the-curve), by harmoniz-
ing outputs of all scenarios and compare their projected biodiversity 
changes. In addition, we review (ii) the full set of indicators used to 
describe biodiversity, given their importance to report progress to-
ward global targets; and (iii) the drivers of loss considered, to identify 
gaps in modeling efforts. Last, we (iv) compare policy assumptions 
of the current set of ambitious scenarios, to suggest the dimensions 
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in which future global biodiversity studies should expand, if we are 
to reverse the declining trend of biodiversity.

RESULTS
Descriptive characteristics of global biodiversity scenarios: 
Scenario classification, BDIs, and drivers of loss
We retrieved metadata for the 57 papers that passed our screening 
procedure (see the “Search strategy and record screening” section). 
The number of papers presenting future biodiversity scenarios slowly 
increased in the 2006 to 2023 period (Fig. 1A). Also, the number of 
scenarios per paper rose in the same time period (Fig. 1B). We iden-
tified a total of 138 scenarios. These were categorized on the basis of 
quantitative information of model outputs for BDI projections. The 
majority were nonpolicy scenarios (63.4%, n scenarios = 85), baseline 
and worst-case, which, respectively, either assume the continuation 
of historical trends into the future projecting the effect of current 
policies on biodiversity (8) or describe a more pessimistic future 
than the baseline, with high values of drivers of biodiversity loss. 
The remaining scenarios (37.6%, n scenarios = 49) were classified as 
policy scenarios as they include biodiversity conservation polices 
and aim to improve biodiversity conditions. Among these, we found 
only nine scenarios in the category bending-the-curve, which in-
volve policy actions that are projected to reverse biodiversity declines 
compared to the start of the projected period, and one scenario in 
the category net-zero loss, which leads to BDI levels comparable to 
the start of the projected period. In contrast, many more reduce-loss 
scenarios were found (n scenarios = 39), which lead to a reduction 
in rate of biodiversity loss compared to the relative baseline but do 
not reach higher level than that of the start of the projected period. 
Scenarios halting or reversing biodiversity loss first appeared in 
2015 but became more frequently studied from 2018 onward. The 
reduce-loss scenarios were first published in 2006 but became more 
frequently studied from 2017. Worst-case was the most common 

scenario type (n scenarios = 45) studied across all years, followed 
by baseline (n scenarios = 40) (Fig. 1C). Scenarios of some papers 
(n papers = 19) could not be classified on the basis of our crite-
ria because papers did not provide quantitative information on 
BDI projections.

The majority of quantitative global papers focused on terrestrial 
organisms (91%, n = 52), while paper focusing on aquatic organ-
isms were rare (9%, n = 5). More than two-thirds of papers (66.7%, 
n = 38) used biodiversity models (BDMs) to describe the impacts of 
direct drivers of loss on biodiversity. Of the 19 BDMs identified in 
the selected literature, the GLOBIO model, Species Area Relation-
ship, Systematic Conservation Planning, and Species Distribution 
Models were the most commonly used (n papers = 12, 8, 6, and 4, 
respectively) (Fig. 2A). We identified a total of 35 BDIs (Fig. 2B), 
which were classified into area-based indicators and species-based 
indicators. Area-based indicators were further categorized into species-
distribution indicators, which describe changes in areas on the basis 
of the probability of occurrence of species; and habitat-transformation 
indicators, which describe changes in natural habitats without 
considering species distributions. Species-based indicators were 
categorized into species diversity, species abundance, and species 
risk of extinction (a list of the indicators per category is available in 
table S2).

More than half of all papers (63%, n = 36) used models describ-
ing pressures on biodiversity. In this category, 33 models were used. 
Here, Integrated Model to Assess the Global Environment was most 
used (n papers = 18), followed by Asia-Pacific Integrated Model 
(n papers = 3), CLUMondo (n papers = 3), and Global Biosphere 
Management Model (n papers = 2) (Fig. 2C and table S3).

Through the application of these models, the majority of papers 
examined the effect of land-use change on biodiversity (79%, n = 45), 
and a considerable number of papers accounted for climate change 
effects (37%, n = 21) (Fig. 3). Only a minority of papers (n = 14; 25%), 
accounted for additional drivers (such as pollution and agricultural 

C

BA

Fig. 1. Summary of paper and scenario publication trends and classification. (A) Number of papers by year of publication. (B) Number of scenarios by scenario 
type and year of publication. (C) Total number of scenarios per full period by scenario type. For additional information on scenario categorization, see the Supple-
mentary Materials.
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intensity), and none of the papers accounted for invasive species. 
Some of the listed drivers could belong to higher-level categories 
(e.g., urban land expansion to land-use change and nitrogen deposi-
tion to pollution). However, these were kept as separate drivers be-
cause papers reporting these drivers exclusively projected their 
specific impact on biodiversity.

Papers did not always provide complete data for all the BDIs 
modeled. As a result, we could not retrieve quantitative data in 19 of 
the 57 selected papers. Of the 35 papers from which we retrieved 
quantitative data, 22 (63%) focused on a single driver of loss, and 
13 papers (37%) included multiple drivers. Eleven papers (31%) 
accounted for the additive effect of climate and land-use changes, 

C

A B

Fig. 2. Descriptive characteristics of selected literature. (A) Biodiversity models (BDMs) used to project changes in BDIs. (B) BDIs used to describe changes in biodiver-
sity. (C) Top five models describing pressures on biodiversity. The list of acronyms for (A) to (C) is available in the Supplementary Materials.

Fig. 3. Direct drivers of biodiversity loss found in the selected literature. 
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one of which accounted also for their synergetic interaction (Fig. 4, 
paper number 8). Only two of the papers that account for climate 
change are categorized as bending-the-curve scenario (Fig. 4, paper 
numbers 2 and 4) (13,  22); all other papers that include climate 
change, at best, produced reduce-loss scenarios (34%, n papers = 12). 
Other papers (31%, n papers = 11) included additional drivers of 
loss, other than land-use and climate change, such as fragmentation 
and nitrogen deposition (Fig. 4). Of the 35 papers from which we 
retrieved quantitative data, 13 papers (37%) modeled multiple BDIs 
(n BDIs = 2 to 5), and the rest (n papers = 22; 63%) modeled single 
indicators (Fig. 4). The collected quantitative data on BDI projections 
was used for further analysis (see the next section).

Comparison of BDI projections
We used quantitative data collected for the 35 studies to plot 
projections of BDIs by class and scenario type. The BDI projec-
tions were harmonized for the years 2030, 2050, and 2100 as a 
proportional change compared to a base year, which we chose to 
be 2015. We plotted projected trends per BDI class by scenario 
type (Fig. 5).

Overall, the projections of BDIs show that the rate of biodiversity 
loss is expected to increase further in future years under current 
policies (worst-case and baseline scenarios) and to reduce and even 
reverse under increasingly ambitious scenarios (reduce-loss and 
bending-the-curve scenarios) (Table 1).

For BDI classes of terrestrial species abundance and risk of ex-
tinction, the scenario categories—worst-case, baseline, reduce-loss, 
and bending-the-curve—exhibit more distinct future trends (Fig. 5, 
A and C). For the other BDI classes, species distributions, species 
diversity, and habitat transformation (Fig. 5, B, D, and E), there is a 
stronger overlap between the scenario categories. We found that a 
higher uncertainty range of all scenarios is generally associated with 
a higher number of BDIs compared (≥4), while scenarios with a 

lower uncertainty range are generally resulting from comparing 
fewer BDIs (≤3), with the exception of scenarios that compare simi-
lar BDIs (e.g., extinctions per million species years and extinctions 
per million species years) (23).

For all BDI classes, the worst-case and baseline scenarios show a 
negative relative change in BDI projections in 2050 compared to 
that in base year value 2015 (−12.7 and −5.9%, respectively). Among 
the policy scenarios, reduce-loss scenarios project an average rela-
tive negative change of BDIs of −4.5%. and bending-the-curve sce-
narios (n scenarios = 11) project an average positive relative change 
of 3.6%, with the exception of one study that project up to 92% of 
recovery of arable areas of natural intact vegetation (24).

Policy assumptions of the current set of ambitious scenarios: 
Bending the curve and reduce loss
We also examined the policy measures in the bending-the-curve 
and reduce-loss scenarios. A total of 18 measures were identi-
fied and were classified in five action bundles: increased conser-
vation, agriculture and forestry supply, food demand, mitigation 
measures, and other (the full list of single measures included in 
each bundle is available in table S4). Bending-the-curve scenar-
ios include more policy measures (>5) and from more different 
action bundles (>3) than the set of reduce-loss scenarios (Fig. 6, 
A and B). The majority (66%) of bending-the-curve scenarios 
used measures across all five action bundles, in contrast to 10% 
in the reduce-loss scenarios. Half (48%) of reduce-loss scenarios 
include five or more measures. These either are based on less 
ambitious measures directly addressing biodiversity loss (36%) 
(e.g., SSP1xRCP2.6), account for multiple drivers of loss (29%), 
focus on policies spanning fewer action bundles (13%), or proj-
ect less sensitive BDIs (4.5%).

Diet change, reduced food waste, and sustainable intensification 
are policy measures that are included in all bending-the-curve 
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Fig. 4. Drivers of biodiversity loss in bending-the-curve and reduce-loss scenarios. Top: Policy scenarios (bending-the-curve/net-zero-loss scenarios in green and 
reduce-loss scenarios in blue) per paper (columns) and projected year 2030, 2050, and 2100 (rows). Colors represent scenarios, and value within the cell the number of 
BDIs used in that scenario. Bottom: Direct drivers of biodiversity loss included per paper, indicated by the purple cells. The one hollow cell for paper number 8 indicates 
that the driver climate change is not included in the bending-the-curve scenario.
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A B
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Fig. 5. Relative change of five BDI classes harmonized to a common base year (2015) and for the projected years 2030, 2050, and 2100. Trends are shown across 
five BDI classes: species abundance (A), species distributions (B), risk of extinction (C), species diversity (D), and habitat transformation (E). In each panel [(A) to (E)], the 
solid line indicates the median, and the shaded areas represent the 16th and 84th percentiles. The number of scenarios contributing to the trend is shown next to the 
trend line for each scenario. A list of BDIs for each class is available in table S2.
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scenarios. Expanded protected areas and reduced use of bioenergy 
are often included, while restoration, land planning, increased trade, 
crop mix change, forestry plantation, reforestation, and lifestyle changes 
are less frequently included.

DISCUSSION
Main findings and research gaps in existing  
scenario studies
In this meta-analysis, we examined how scenarios have been used 
in the past two decades to explore projections of future biodiver-
sity trends. By systematically screening literature, we identified 138 
modeled global scenarios (covered by 57 papers) that project, re-
duce, stop, or reverse biodiversity loss. This allows us to identify 
three major research gaps and derive conclusions regarding the 

content of the scenarios. For each conclusion, we outline critical 
research recommendations.
Bending-the-curve scenarios are scarce
We found that the majority of scenarios (>60%) project future biodi-
versity losses under current trends or worst-case policies. Scenarios 
that aim to reduce, stop, or reverse biodiversity loss are less frequent 
within the screened literature (<40%). Within the latter group, sce-
narios that halt the loss of biodiversity represent the bigger share 
(80%), and the more ambitious scenarios that aim at bending are less 
common (only nine in total).

The narrative of bending the curve was first introduced in 2018 to 
describe a new generation of ambitious scenarios (20, 25). The recent 
effort to develop scenarios that fully reverse the loss of biodiversity 
based on this narrative is concomitant to the recent increase in ambi-
tion in policy objectives at global scale (GBF). Bending-the-curve–like 

Table 1. Relative change of BDIs by class, scenario type, and projected year (2030 and 2050). The change is relative to the base year 2015. The values 
represent the median. “X” denotes missing values. 

Worst case Baseline Reduce loss Bending the curve

2030 2050 2030 2050 2030 2050 2030 2050

 Species 
abundance

−9.9 −19 −4.5 −9.1 −1.9 −4.2 0.9 2.3

 Species 
distributions

−24.4 −14 −4.3 −7.7 −5.2 −5.1 3.2 7.2

 Risk of 
extinction

−8.4 −18 −2.6 −8 −3.5 −8.7 2 6.2

 Species 
diversity

−7.6 −19 −6.2 −10 −3.9 −7.5 X X

Habitat 
transformation

−0.5 −0.9 −0.5 0 X −0.6 X X

BA

Fig. 6. Summary of policy assumptions in bending-the-curve and reduce-loss scenarios. Relative frequency of (A) policy measures included in bending-the-curve 
(green) and reduce-loss (blue) scenarios, and (B) the number of action bundles from which the policy measures are taken.
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scenarios first appeared in 2015 (22, 26) and have been increas-
ingly modeled since 2019 (3, 4, 13, 24, 27–29). However, because the 
GBF goal is relatively recent (1), these scenarios are still scarce in 
literature. Effort to increase knowledge about bending-the-curve 
model and scenario application, as well as policy options to fully 
reverse biodiversity loss, is crucial if we are to meet current global 
biodiversity targets.
The use of many different indicators makes comparison 
challenging
Despite earlier calls for a defined set of quantitative, global, and stan-
dardized indicators to measure progress toward biodiversity goals and 
allow comparisons across studies (14, 19–21), we found large varieties 
of BDIs (n BDIs = 35), BDMs, and models that describe pressures on 
biodiversity (Fig. 2, A to C). Inspired by the Essential Climate Vari-
ables from the climate science community, the Essential Biodiversity 
Variables (EBVs) were proposed, a minimum set that capture differ-
ent components and dimensions of biodiversity change (14, 30–32). 
The BDIs found in the screened literature are aligned with mainly one 
of the six EBV classes (namely, species populations). The reason for 
this is because the studies here reviewed use indicators that are mean-
ingful at a global scale [e.g., Mean Species Abundance (MSA), biodi-
versity intactness index (BII), and living planet index (LPI)] but are 
unable to model local-scale–dependent biodiversity measures (e.g., 
within-species diversity, functional traits, and local adaptations). 
Nonetheless, the diversity of BDIs found represents a critical research 
gap in global biodiversity scenarios. Not only it complicates a direct 
comparison of scenario outcomes (4, 5, 18), but also it has been 
identified as a factor contributing to the failure of meeting any of 
the CBD Aichi Targets and seriously slows down international 
policy making (33–35).

At the moment, a direct comparison of scenario studies is only 
possible after harmonizing scenarios and input data, and it is likely 
that is also needed in the future (5). Multimodel comparisons typi-
cally are a catalyst for such harmonization efforts (36, 37). However, 
model intercomparison studies for global biodiversity scenarios are 
limited (3, 4), and scenarios reviewed in this study are based on sin-
gle or small number of models, with the exception of one study (3). 
In contrast, climate research benefits from extensive community 
scenarios (e.g., Shared Socioeconomic Pathways (SSPs) and cur-
rent policy scenarios) and regular model comparisons, which pro-
vide insight into the role of different models. The scarcity of such 
modeling approaches in global biodiversity studies, as well as chal-
lenges of comparing outputs from different indicators, emphasizes 
the need for joint efforts in scenario development and quantifica-
tion (including bending-the-curve scenarios), as well as standard-
ized reporting to facilitate the comparison of single-model studies 
and an increase in multimodel analyses.

Although modeling global biodiversity provides meaningful in-
sights into the opportunity space for reversing biodiversity loss, sce-
narios are unlikely to be fully implemented in their current form. 
Because policy needs to be implemented at a local scale and drivers 
of loss have different impacts at different scales, changes in biodiver-
sity are required to be assessed with more detailed indicators at a 
local scale [e.g., Gérard et al. (38)] (39, 40).

It is difficult to link biodiversity outcomes to specific scenario types. 
Despite the multitude of BDIs identified, we attempted a compari-
son of scenario outputs. To enable comparison across models and BDIs, 
we calculated the relative change over time and analyzed the direction of 
the change compared to the present across indicators (Fig. 5).

Overall, the magnitude of projected losses in nonpolicy scenari-
os for all BDIs is greater than gains in policy scenarios; see also 
(3, 4). The high variation in projected future changes for different 
BDIs classes could be a result of different modeling approaches of 
studies, the high sensitivity of models that describe pressures on 
biodiversity, or differences in how BDMs capture the impacts of 
drivers of loss and biodiversity responses (4).

In addition, we see that, for several BDI classes (e.g., species 
abundance and risk of extinction), trends are clearly differentiated 
across scenario categories (e.g., baseline versus reduce-loss). For 
other BDI classes (e.g., species diversity, species distributions, and 
habitat transformation), the categories overlapped: For instance, for 
the BDI class habitat transformation or species distributions, there 
is some overlap between baseline and worst-case scenarios. This is 
likely due to the scenario categorization implemented, coming from 
independent sets of scenarios (business as usual versus worst-case) 
or because we clustered different indicators. The high uncertainty 
range of all scenarios is associated with a higher number of BDIs 
compared while comparing fewer BDIs results in a lower uncertain-
ty range. Although we provide a first attempt to compare outputs of 
different scenarios, there should be more guidance on how to ade-
quately compare BDIs.
Not all drivers of loss are extensively covered
Currently, land use is regarded as the main direct driver of biodiversity 
loss (41–44). However, several studies suggest that the impacts of cli-
mate change are expected to intensify, surpassing the effects of land 
use (45–47).

Despite biodiversity being affected by multiple and interacting 
pressures, such as climate and land-use changes, pollution, inva-
sive species, and overexploitation (5, 15), most of the studies in 
this meta-analysis (68%) are based on environmental change pro-
jections that represent a single driver only, a limitation already 
identified in earlier reviews and studies (16, 48). The majority of 
existing global biodiversity scenarios assess the consequence of 
land-use change on biodiversity (79% of papers), and fewer papers 
assess the effect of climate change (37% of papers). Only a minor-
ity of papers (25%) accounted for other pressures that climate and 
land use, such as fragmentation or pollution; biological invasions 
were never included (Figs. 2 and 4). The disproportionate ac-
counting of different pressures is likely a result of modeling limita-
tions for these pressures and for their impact on biodiversity, due 
to the inherent complexity of the task at a global scale (5). The lack 
of projections that account for the combined effect of climate, 
land-use change, and other pressures represents another major re-
search gap in global biodiversity scenarios, despite previous calls 
for integration (3, 16).

Nearly all bending-the-curve scenarios account for one pressure 
only, land-use change, and only two bending-the-curve scenarios 
account for the additive effect of land-use and climate change (13, 22). 
All other scenarios that account for climate change (alone or with 
the additive effect of land-use change) produce at best a reduction in 
loss of biodiversity but do not bend the curve (Fig. 4). Bending the 
curve is quite challenging if the impact of climate change is account-
ed for (4) as climate is expected to become warmer than today even 
in optimistic scenarios (49, 50). Therefore, we urgently need sce-
narios that take multiple pressures into account and avoid risking 
misrepresenting the real threats to biodiversity and suggesting that 
it is possible to bend the trend too easily, as identified by previous 
findings (13, 51–53).
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However, there are also some modeling limitations. A recent study 
shows that most BDMs may overestimate climate change impacts be-
cause projections are based on statistical models relating climate to coarse 
species distributions and overlook species-local adaptations, making it 
very difficult to bend the curve (4). In addition, temporal nonlinearities 
will also need to be accounted when modeling the impact of climate and 
land-use changes together, factoring connectivity of the landscape under 
future climate change, to allow species migration (54, 55).
Bending the curve needs an integrated effort
By comparing assumptions of bending-the-curve and reduce-loss 
scenarios, we found that bending-the-curve scenarios include more 
policies and from a more integrated set of domains (Fig. 5).

Half of the reduce-loss scenarios also include several policy mea-
sures (>5 actions). The fact that this does not result in net biodiver-
sity gains is that the policies are often less ambitious as they are 
based on a combination of baselines [e.g., SSP1 and Representative 
Concentration Pathway (RCP) 2.6] (23, 56). Other studies include 
multiple policies, spanning, however, across fewer action bundles 
(3, 12). Some others are based on the same assumptions and policy 
measures as bending-the-curve scenarios but project different BDIs, 
which are less sensitive (13). In addition, bending the curve of dif-
ferent biodiversity aspects requires different restoration actions, spa-
tial allocation, and amount of area to be protected, as already identified 
by previous studies (3). Therefore, the same combinations of policy 
options can lead to net gains for some BDIs, but not for others. For 
example, one scenario results in net gains in the BDI MSA but only 
a reduction in losses in the BDI LPI (13). Last, we found that nearly 
all bending-the-curve scenarios only account for one pressure, land-
use change, while half of the reduce-loss scenarios account for mul-
tiple drivers of biodiversity loss (Fig. 4) (27, 57), suggesting that 
representing the real threats to biodiversity will make bending the 
curve more challenging.

Previous studies show that typical efficient mitigation efforts 
(e.g., bioenergy) cause damage to biodiversity through their land 
requirement (58–60). Therefore, accounting for alternative mitiga-
tion measures (e.g., renewables and improved energy efficiency) will 
be needed to meet biodiversity goals (61). Including both impacts of 
climate change and climate mitigation on biodiversity, as well as ad-
ditional drivers, will require the creation of more ambitious scenar-
ios based on an integrated portfolio of policy measures.
Recommendations for improving biodiversity scenarios
Our key findings show three major research gaps in biodiversity sce-
nario literature. First, although gaining momentum, there are still 
few global scenarios in literature that bend the curve of biodiversity 
loss to guide recent global commitments of the GBF. Second, given 
the high diversity of BDIs used, future projections of biodiversity are 
hardly comparable. Standardization of reporting of BDIs is urgently 
needed to facilitate comparison of studies’ outputs. In addition, in-
creased effort in producing scenarios based on inter-model com-
parisons is needed, which will allow to assess progress toward global 
KMGBF goals and targets. Third, not all drivers of biodiversity loss 
are extensively covered in scenarios. Direct drivers of loss are dis-
proportionally accounted for, with land-use change being the main 
driver studied. Nearly all bending-the-curve studies do not account 
for climate (with exception of two studies) but only account for 
land-use change, which risks suggesting that it is possible to bend 
the trend too easily. Updating models for including multiple pres-
sures will be challenging due to modeling limitations. Last, we discuss 
how bending-the-curve scenarios differ from reduce-loss scenarios 

with respect to the policy measures included. Bending-the-curve 
scenarios are more ambitious and require integrated effort by in-
cluding policy measures across multiple action bundles. This paper 
highlights the relevance of model-based scenario analysis, which 
not only is an important science field but also forms an input into 
biodiversity policymaking.

MATERIALS AND METHODS
The methodological framework used for this meta-analysis followed 
a combined approach using the stages outlined for the systematic 
mapping of existing literature in environmental sciences (62) and 
completing this with information on quantitative data to perform a 
meta-analysis. We set inclusion criteria, searched and screened the 
literature, extracted metadata and data, harmonized and compared 
data, and described and visualized the findings. Below, we briefly 
describe the search strategy and records screening as well as the 
(meta)data screening.

Search strategy and record screening
The databases Scopus and Web of Science were used to systemati-
cally review the literature. We developed a search strategy with var-
ious terms associated with biodiversity crisis, global analysis, scenarios, 
integrated assessment modeling, future years, and policy to identify 
relevant articles published for the period January 2007 to July 2023 
(for the full search strategy, see table S1). To make sure that the search 
strategy would be appropriate to identify the relevant literature, we 
identified eight benchmark studies with the help of expert knowl-
edge of coauthors (see the Supplementary Materials). We refined 
the search strategy terms until all of the eight benchmark studies 
would appear as a result of our search. Given the high difference in 
number of records retrieved using a minimal variation of the search 
strategy, two database searches were performed using two versions 
of the same search strategy. The difference between the two search 
strategies is query #3 and #4, used as separate or merged queries 
(table S1).

Inclusion criteria were original, English-language, and quantita-
tive modeling papers on a global scale using scenarios to project, 
reduce, halt, or bend the curve of biodiversity loss. Exclusions were 
continental- or local-scale analysis, papers set in the past or present 
with no future projections, review, and comment papers. Articles 
focusing on single species were also not included because these are 
not representative of the global biodiversity status.

Record screening was performed with the support of the artificial 
intelligence (AI) tool ASReview (63, 64). This AI tool ranks records 
from most relevant to least relevant based on previous knowledge 
(five relevant articles and five irrelevant articles) provided by the 
user. We ranked papers using ASReview for both sets of records. For 
the first set, title and abstract of all records were manually screened 
on the basis of the eligibility criteria. For the second set, we manually 
screened the first 10% of the ranked articles (title and abstract) on the 
basis of the same eligibility criteria. Overall, 1640 records were iden-
tified from the first database search, and 3626 records from the sec-
ond. Of the first set of 1640 records, 424 duplicates were removed 
with automation tools. The resulting 1216 articles were ranked from 
best to worse with the support of ASReview. Subsequently, title and 
abstract of all records were manually screened on the basis of the eli-
gibility criteria. As a result, 56 papers were included. Of these 56 pa-
pers, 52 were found in the first 10% of the ranked records.
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Of the second set of 3662 records identified from the second da-
tabase search, 439 duplicates were removed with automation tools. 
The resulting 3223 documents were ranked from best to worst with 
the support of ASReview. The first 10% (documents n = 323) of the 
ranked articles were manually screened (title and abstract) on the 
basis of the same eligibility criteria used for the first database search. 
As a result, 49 documents were included. These were compared with 
the selected documents from the first database search. Overall, eight 
additional articles were found and added to the already included 56 
papers. Five papers were manually added on the basis of expert 
knowledge of coauthors, resulting in a total of 69 papers. Last, 12 
papers were excluded after performing a full-text screening, result-
ing in a total of 57 included papers (flowchart of record retrieval and 
selection is available in fig. S1).

Metadata extraction, data harmonization, and meta-analysis
Metadata from selected references were extracted via a predesigned 
extraction form containing the following information: title, authors, 
journal, publication date, realm (land or water), BDIs and their pro-
jections, BDMs and other models describing pressures on biodiver-
sity, drivers of loss, projected period, and scenario type. We identified 
a total of 42 BDIs of the 57 papers. Of the 42 BDIs, 2 could not be 
classified on the basis of our classification scheme, and 5 described 
the aquatic realm, which we did not consider for further analysis 
because of insufficient quantitative data (quantitative projections of 
BDIs only available for three papers) (information on the aquatic 
BDIs can be found in the Supplementary Materials). Therefore, we 
analyzed a total of 35 terrestrial BDIs.

Quantitative data on BDIs were extracted in 35 of the 57 selected 
papers. Quantitative data for the remaining 19 papers could not be 
retrieved because studies did not always provide complete data for 
all the BDIs modeled (such as the beginning or end of the projected 
year or absolute BDI values in the base year). A meta-analysis was 
conducted to categorize scenarios and compare trends of biodiver-
sity change over time across scenarios. Given the large differences in 
which indicators are calculated, a direct comparison of absolute values 
of BDIs was meaningless. Hence, BDI values were harmonized as 
follows. First, the projected values of BDIs were interpolated to 2030, 
2050, and 2100. Then, the values were converted to a proportional 
change for the years 2030, 2050, and 2100 relative to a common base 
year of the analysis (which we chose to be 2015). Further explana-
tion of the harmonization process is available in the Supplementary 
Materials. Projections of BDIs were plotted by scenario category.

The scenarios were categorized on the basis of their storyline in 
nonpolicy (baseline and worst-case) and policy scenarios. We de-
fined baseline as a business-as-usual, middle-of-the-road scenario 
that assumes the continuation of historical trends into the future 
and projects the effect of current policies on biodiversity (8). Worst-
case was defined as a scenario that deliberately describes a more pes-
simistic future than the baseline, with high values of drivers of 
biodiversity loss. Policy scenarios were identified on the basis of the 
explicit indication of including biodiversity conservation policy and 
classified on the basis of the projected BDI trends as compared 
to both the baseline scenarios and the starting date. Reduce-loss 
scenarios lead to a reduction in rate of biodiversity loss compared to 
the relative baseline however not reaching higher level than that of 
the start of the projected period. Net-zero-loss scenarios led to BDI 
levels comparable to the start of the projected period. Bending-the-
curve scenarios involve policy actions that are projected to reverse 

biodiversity declines compared to the start of the projected period. 
Because several publications projected different BDIs, for each pub-
lication, one BDI was chosen to base the scenario classification. 
Generally, in such case, BDIs were chosen on the basis of best per-
formance to avoid an underestimation of scenarios. However, when 
possible, BDIs that were used across multiple publications were cho-
sen to increase comparability across studies (for additional informa-
tion, see the Supplementary Materials).

Last, to gain insight into the different assumptions underpinning 
bending-the-curve and reduce-loss scenarios, we compiled data on 
the policy measures incorporated into these scenarios. The extract-
ed data used for harmonization and meta-analysis is available at 
https://zenodo.org/records/14910768.
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