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Abstract 

As environmental degradation continues at local, regional, and global levels, people’s accepted norms for natural environmental con- 
ditions are likely to decline. This phenomenon, known as shifting baseline syndrome (SBS), is increasingly recognized as a likely major 
obstacle to addressing global environmental challenges. However, the prevalence of SBS remains uncertain. We conducted an exten- 
sive systematic review, synthesizing existing research on people’s perceived environmental baselines. Our analysis, based on 73 case 
studies, suggests that SBS is a widespread global phenomenon, occurring across diverse socioeconomic, environmental, and cultural 
settings. We observed that younger individuals tend to hold lower environmental baselines across various environmental contexts, 
including climate change, natural resource depletion, biodiversity loss, and pollution. An upward shift in perceived environmental 
baselines among younger generations was rarely observed. These results underscore the challenge that SBS poses when policy and 
management responses to environmental degradation are influenced by perceived natural environmental norms. 
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to acceptance of incremental environmental degradation, lower 
expectations for desirable environmental conditions worthy of 
protection, and decreased support for conservation and man- 
agement policies (Wu et al. 2011 , Plumeridge and Roberts 2017 , 
McClenachan et al. 2018 , Jones et al. 2020 ). Consequently, SBS is 
increasingly recognized as a potentially significant barrier to pro- 
moting and implementing policies and actions aimed at address- 
ing the various global environmental challenges we face today 
(Soga and Gaston 2018 , Mehrabi and Naidoo 2022 , Gaston et al. 
2023 ). However, despite its possible importance, understanding 
of the magnitude and prevalence of this phenomenon remains 
limited. 

To fill this knowledge gap, we conducted a systematic review 

of research on perceived environmental baselines (the environ- 
mental state that individuals use as a reference point for evaluat- 
ing changes and assessing environmental health). Specifically, we 
gathered studies that investigated perceived environmental base- 
lines across different age groups and assessed whether younger 
generations tend to hold lower environmental baselines. Perceived 
environmental baselines have been studied through two main ap- 
proaches: directly examining age-related differences in individ- 
uals’ perceptions of what environmental conditions are consid- 
ered normal or healthy and assessing age-related differences in 
perceived changes in environmental conditions (Soga and Gaston 
2018 ). Our synthesis encompasses studies that explore either ap- 
proach, acknowledging that the latter is a more indirect one. For 
the purposes of this study, we define natural environment conditions 
as encompassing all the abiotic and biotic features that consti- 
tute ecosystems, including the atmosphere, land, water, flora and 
fauna. The aims of this review are threefold: characterizing the lit- 
erature on this topic conducted to date, exploring how geograph- 
ically widespread are shifts in people’s perceived environmental 
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ur planet is currently experiencing an unprecedented environ-
ental crisis, encompassing a multitude of pressing issues, in-
luding climate change, deforestation, biodiversity loss, the deple-
ion of natural resources, and pollution (Díaz et al. 2019 , Borrelle
t al. 2020 , Cheung et al. 2021 , Zhou et al. 2023 ). Mounting evi-
ence suggests that human activities worldwide are pushing the
arth system beyond its planetary boundaries to where the func-
ioning of ecosystems can be dramatically altered, risking the sta-
ility of life (Rockström et al. 2009, Steffen et al. 2015 , Lade et al.
020 ). It is increasingly evident that the speed, magnitude, and
biquity of these ongoing environmental issues have far-reaching
onsequences across multiple realms of human activity, posing a
ignificant threat to human health and well-being (Cardinale et al.
012 , Mora et al. 2018 , Fuller et al. 2020 ). However, despite this
ecognition, the persistence and magnitude of current negative
nvironmental trends continue to be poorly redressed and show
ew signs of being slowed, let alone halted or reversed (Díaz et al.
019 , Borrelle et al. 2020 , Cheung et al. 2021 , Zhou et al. 2023 ). This
nsettling reality prompts a fundamental question: Why does so-
iety accept and tolerate the ongoing destruction and deteriora-
ion of the natural environment, despite the objectively severe
ircumstances we face? 
One possible answer to this question lies in the concept known

s shifting baseline syndrome (SBS) or environmental generational am-
esia (Pauly 1995 , Kahn 2002 , Papworth et al. 2009 , Soga and
aston 2018 ) . SBS refers to the progressive change in accepted
orms regarding the state of the natural environment across
enerations (Pauly 1995 , Papworth et al. 2009 , Soga and Gaston
021 ). Therefore, in a system experiencing impoverishment,
eople may fail to recognize the extent to which their environ-
ent has deteriorated over previous generations (Soga and Gas-

on 2018 , Jones et al. 2020 ). This lack of awareness can lead
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Potential titles identified through 
database searching

(n = 843)

Titles remaining after duplicates and non-relevant 
studies removed

(n = 888)

Full-text articles assessed 
for eligibility

(n = 198)

Studies included in 
synthesis
(n = 73)

Studies excluded
(n = 125)

Reasons:
- Study did not analyse age-related changes in 

perceived environmental baselines (n = 77)
- Study did not address perceived 

environmental baselined we defined (n = 27)
- Without formal statistical analysis or 

information (n = 9)
- Qualitative studies (n = 7)
- Studies that considered temporal changes in 

perceptions of less than 5 years (n = 3)
- Studies that did not report non-significant 

results (n = 1)
- Studies that were not written in English (n = 1)

Additional titles identified through 
other sources

(n = 45)

Studies excluded based 
on title and abstract

(n = 690)

Figure 1. Prisma flow chart (Page et al. 2021 ) depicting the process and outcome of the literature search. 
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aselines, and identifying key areas for future research that could
nhance understanding of SBS. 

urveying the literature 

n 13 March 2023, we conducted a literature search (see figure 1
or the search process and outcomes) using the online database
eb of Science. We used the search terms (“perceived change*” OR

perception* of change*”) AND (“environment” OR “climate” OR “biodiver-
ity” OR “ecosystem*” OR “pollution”) OR (“shifting baseline syndrome”
R “environmental generational amnesia” OR “environmental amne-
ia” OR “shifting baseline*”) . The initial search yielded 843 studies
figure 1 ). During the title and abstract screening stage, we ex-
luded studies that did not focus on perceived environmen-
al baselines, as well as those that were not empirical studies
e.g., meta-analysis, review). Following this screening process, we
eviewed the full text of 198 studies (figure 1 ). 
To identify additional studies not captured in the initial litera-

ure search, on 30 March 2023, we extended our search to Google
cholar, employing an array of search terms. These terms in-
luded 10 combinations related to perceived environmental base-
ines: (“perceived changes” AND “environment”, “perception of changes”
ND “environment,” “perceived changes” AND “climate,” “perception of
hanges” AND “climate,” “perceived changes” AND “pollution,” “percep-
ion of changes” AND “pollution,” “perceived changes” AND “biodiver-
ity,” “perception of changes” AND “biodiversity,” “perceived changes”
ND “ecosystems,” and “perception of changes” AND “ecosystems”) .
hey also included four terms associated with SBS: (“environmen-
al generational amnesia,” “environmental amnesia,” “shifting baseline
yndrome,” and “shifting baselines”) . In addition, we examined the
eference lists of reviews specifically focused on perceived envi-
onmental baselines (Papworth et al. 2009 , Soga and Gaston 2018 ,
adhuri and Sharma 2020 ). 

nclusion and exclusion criteria 

tudies were included if they fulfilled the following inclusion and
xclusion criteria: They had to investigate the relationship be-
ween perceived environmental baselines and people’s age, em-
loy a quantitative approach, include a sample of people with
n age range of more than 5 years, provide statistical methods
r sufficient statistical information regarding age-related differ-
nces in perceived environmental baselines, and have a sample
ize of more than 10 participants. We included studies that used
ears of experience (e.g., fishing) and explored how different lev-
ls of experience relate to variations in perceived environmental
onditions. To avoid confounding perceived environmental base-
ines with proenvironmental attitudes, we excluded studies that
ere solely focused on measuring people’s support and willing-
ess to address environmental issues. One study measured mul-
iple items of environmental perceptions and analyzed them but
id not present nonsignificant results. To minimize the potential
or publication bias, we excluded this study. 

ata extraction 

or each identified study, we recorded the following study char-
cteristics: the author’s name, the year of publication, the study
ocation (country or region), the type and number of samples, a
easure of age (based on age or years of experience), a measure of
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erceptions, and the results. We classified the study countries or
egions into four categories (low income, low middle income, up-
er middle income, and high income) based on the World Bank’s
ncome classification system (World Bank 2022 ). The measure of
erception was categorized into five distinct groups: changes in
limate conditions (encompassing weather patterns such as tem-
erature, rainfall, and wind, as well as environmental changes be-
ause of climate change such as drought and flooding), fish abun-
ance (including the abundance and size of fish species primarily
sed for commercial purposes), animal or plant abundance (en-
ompassing the abundance and size of animal and plant species
ther than fish used for commercial purposes), land cover (refer-
ing to the amount of natural environments such as forests), and
ollution (referring to environmental pollution such as air, noise,
nd water pollution). Although the majority of the identified stud-
es were focused on a single measure of perception, four studies
resented results for two perception measures. Subsequently, we
reated each measure of perception individually, and the analy-
is was conducted at the level of each perception measure (see
he “Synthesis” section). Furthermore, we assigned each identified
tudy to one of four environmental contexts—biodiversity loss,
limate change, environmental degradation, or natural resource
epletion—on the basis of the paper’s primary focus. 

ynthesis 
iven the significant heterogeneity among the included studies in
erms of study design, approaches, and outcomes, as well as the
imited details provided on statistical analyses, conducting a for-
al meta-analysis was not feasible. Instead, we synthesized the

esults using a combination of a vote counting method and a nar-
ative synthesis (Higgins et al. 2019 , Campbell et al. 2020 ). Follow-
ng the Cochrane Collaboration guidelines for systematic reviews
Higgins et al. 2019 ), we categorized the results of each percep-
ion measure into two groups: older hold higher baselines (indicat-
ng a decline in perceived environmental baselines over time) and
ounger hold higher baselines, without consideration of statisti-
al significance or effect size. For the four studies reporting two
erception measures, we documented the results for each mea-
ure separately. However, in cases where multiple results were
resented within the same perception measure (e.g., perceived
hanges in different species abundances within the same habitat),
e combined them into a single result to avoid issues with pseu-
oreplication. In the present article, we followed the methodology
roposed by Boon and Thomson (2021 ), categorizing the results as
lder hold higher baselines if over 70% of the outcomes supported
his trend, younger hold higher baselines if over 70% favored this
rend, and unclear or conflicting if less than 70% showed a consis-
ent pattern. Duplicate results from repeated analyses (e.g., sub-
roup analysis) were excluded. In cases where the studies exam-
ned both age- and experience-related differences in perceived en-
ironmental change, we classified the results as unclear or con-
icting if disparities arose between the age and experience anal-
ses. In instances where studies reported both simple correlation
nd regression model results, our assessment was based on the
utcome of the regression model, considering it more reliable be-
ause of its ability to control for confounding factors. For studies
sing regression models, our judgment focused on the main effect
f age to streamline result interpretation and disregarded any in-
eraction effects with other variables. The vote-counting results
ere analyzed using a binomial sign test, assessing the proba-
ility of observing the older hold higher baselines direction, with
he null hypothesis probability set at .5, in accordance with the
Cochrane Collaboration guidelines. The sign test was conducted
without considering the studies classified in the unclear or con-
flicting category. 

Quality assessment 
To assess the quality of the identified studies, we applied the
Newcastle–Ottawa Quality Assessment Scale, adapted for cross-
sectional studies by Modesti and colleagues (2016 ). This scale eval-
uates the robustness of a study’s results on the basis of three crite-
ria: selection (four items), comparability (one item), and outcome
(two items). Given the nature of the research question and our
inclusion or exclusion criteria, one of the four items in the selec-
tion domain and the items in the outcome domain were deemed
not applicable to the selected studies. Therefore, we focused on
only the three items in the selection domain and the one item
in the comparability domain (see supplement S1). The maximum
achievable score is 5, and we classified scores of 4 and 5 as indica-
tive of high quality, 2 and 3 as moderate quality, and 0 and 1 as
low quality. 

Overview of the literature 

Our systematic literature search identified 73 studies containing
77 measures of perception ( supplement S2). The perception mea-
sures showed substantial variation in terms of the study design,
the measure of perceived environmental baselines, the charac-
teristics of the sample, and the study location ( supplement S2).
They were reported in a wide geographic range, representing 30
countries across six continents (figure 2 ). The majority of the per-
ception measures ( n = 42, 54.5%) were focused primarily on cli-
mate change as the study context, followed by natural resource
depletion ( n = 423, 19.9%), with a particular emphasis on fisheries
(figure 2 , table 1 ). A smaller percentage of perception measures ex-
amined environmental degradation ( n = 4, 9.1%) and biodiversity
loss ( n = 4, 6.5%). Approximately 80% of the perception measures
specifically targeted primary industry stakeholders, such as fish-
ers and farmers, whereas the number of studies that investigated
other stakeholders, such as policymakers, scientists, and the gen-
eral population, was much smaller (see supplement S2). Further-
more, around 60% of the perception measures were recorded in
middle-income countries, with fewer originating from high- and
low-income countries ( supplement S2). 

The overall risk of bias in the included studies was moderate,
with an average score of 2.0 (standard deviation = 1.3) out of a
maximum of 5.0 (see supplement S3). Concerning selection bias,
the majority of studies investigated samples that were at least
somewhat representative of the study population (58 out of 73,
75.3%). However, only 15.6% of the studies provided justification
for their sample size, and none of them compared responders
with nonresponders. Regarding comparability, half of the included
studies explored at least one potential confounding factor (e.g.,
gender) in their analyses. 

Widespread decline in perceived 

environmental baselines 

Among the 77 measures of perceptions identified, 64 measures
were categorized into either the older hold higher baselines or the
younger hold higher baselines group (see table 2 ). Out of these,
55 measures were classified as the older hold higher baselines
category (85.9%, 95% confidence interval = 75.0–93.4, p < .001;
table 2 ). This suggests that, overall, older individuals tended to

https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
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Figure 2. Map displaying the sites of the included studies in our review. The circles on the map indicate the locations of the 77 perception measures 
from 73 studies (see the “Data extraction” section) included in the analysis, with each circle representing a specific study country or region. The size of 
the symbols corresponds to the number of perception measures conducted in each country or region. Two studies (Lovell et al. 2020 , Almojil 2021 ) 
reported results in multiple countries or regions, so multiple symbols are used to show the results separately for each country or region. 

Table 1. The characteristics of the perception measures (n = 77) categorized into four environmental contexts, based on the geographic 
region, the income level of the countries or regions where the study was conducted, and the type of samples studied. 

Environmental context 

Climate change 
Natural resource 

depletion 
Environmental 
degradation Biodiversity loss 

Study type 
Study 

subcategory 

Number 
of 

studies Percentage 

Number 
of 

studies Percentage 

Number 
of 

studies Percentage 

Number 
of 

studies Percentage 

Geographic 
region 

Africa 27 64 .3 2 8 .7 0 0 0 0 
America 2 4 .8 9 39 .1 4 57 .1 2 40 .0 
Asia 13 31 .0 4 17 .4 1 14 .3 0 0 
Europe 0 0 7 30 .4 2 28 .6 2 40 .0 
Oceania 0 0 1 4 .3 0 0 1 20 .0 

Income level Low 10 23 .8 0 0 0 0 0 0 
Lower middle 27 64 .3 3 13 .0 0 0 1 20 .0 
Upper middle 4 9 .5 9 39 .1 1 14 .3 0 0 
High 1 2 .4 11 47 .8 6 85 .7 4 80 .0 

Type of sample Primary 
industry 
stakeholders 

39 92 .9 21 91 .3 0 0 0 0 

Other 3 7 .1 2 8 .7 7 100 5 100 
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erceive more environmental changes and have higher environ-
ental baselines than did the younger generations. Indeed, the
nding that older individuals hold greater environmental base-
ines was consistent across various perception outcomes, includ-
ng changes in fish abundance or size, climate conditions such
s temperature and rainfall patterns, the frequency of natu-
al hazards related to climate change (e.g., flooding, drought,
ncreased diseases), wildlife abundance, water resource quality
nd quantity, and the living conditions of the local environment
 supplement S2). This indicates that although SBS has primar-
ly been discussed in the context of fisheries (Pauly 1995 , Pin-
egar and Engelhard 2008 ), it is likely associated with diverse envi-
onmental issues (Soga and Gaston 2018 ). Furthermore, the high
roportion of studies indicating a decline in perceived environ-
ental baselines was found in regions across a broad range of
ocioeconomic, environmental, and cultural settings (table 2 ),
ighlighting the global nature of SBS and its prevalence across
iverse societies. 

https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae068#supplementary-data
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Table 2. The results of the vote counting and the sign test. 

Studies indicating a 
decline in perceived 

environmental 
baselines among 

younger generations 

Study type Study subcategory Number 

Older 
hold 

higher 
baselines 

Unclear 
or 

conflicting 

Younger 
hold 

higher 
baselines Number Percentage 

95% 

confidence 
interval 

Sign test 
p value 

All studies 77 55 13 9 55 of 64 85 .9 75 .0–93.4 < .001 
Environmental 

contexts 
Climate change 42 24 11 7 24 of 31 77 .4 58 .9–90.4 < .01 
Natural resource 

depletion 
23 22 0 1 22 of 23 95 .7 78 .1–99.9 < .001 

Environmental 
degradation 

7 6 0 1 6 of 7 85 .7 42 .1–99.6 .13 

Biodiversity loss 5 3 2 0 – – – –
Geographic 

region 
Africa 29 18 8 3 18 of 21 85 .7 63 .7–97.0 < 0 .01 
America 17 15 1 1 15 of 16 93 .8 69 .8–99.8 < .001 
Asia 18 12 2 4 12 of 16 75 .0 47 .6–92.7 .08 
Europe 11 9 1 1 9 of 10 90 .0 55 .5–99.7 .02 
Oceania 2 1 1 0 – – – –

Income level Low 10 7 1 2 7 of 9 77 .8 40 .0–97.2 .18 
Lower middle 31 18 9 4 18 of 22 81 .8 59 .7–94.8 < .01 
Upper middle 15 14 0 1 14 of 15 93 .3 68 .1–99.8 < 0 .001 
High 20 15 3 2 15 of 17 88 .2 63 .6–98.5 < .01 

Type of sample Primary industry 
stakeholders 

60 43 10 7 43 of 50 86 .0 73 .3–94.2 < .001 

Other 17 12 3 2 12 of 14 81 .8 57 .2–98.2 .01 

Note: The sign test was not performed for the biodiversity loss environmental context or for the Oceania geographic region because of the limited number of 
perception measures included in these groups. 

Figure 3. The percentage of perception measures classified into the older hold higher baselines group (see table 2 ). The results are arranged by 
environmental contexts, geographical regions, income levels of the country or region, and the type of samples. 
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The proportion of perception measures classified into the older
old higher baselines category varied across the four environmen-
al contexts addressed (table 2 , figure 3 ). This variation can be
ttributed to several factors. First, actual levels of environmen-
al degradation likely differed among the contexts. The higher
roportion of studies indicating higher environmental baselines
among older individuals in the category of natural resource deple-
tion, for example, might be explained by the recent widespread,
substantial decline in marine fish abundance (Pacoureau et al.
2021 , Yan et al. 2021 ). Second, the observed differences in per-
ceived environmental baselines may arise from variations in how
people perceive environmental degradation in different contexts.
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he decline in perceived environmental changes can be mini-
al if the individuals possess a strong understanding of, sensi-

ivity to, and concern for changes in environmental conditions
Shi et al. 2016 ). Most of the climate change studies were con-
ucted in low-income countries (figure 2 , table 1 ), where height-
ned sensitivity likely arises because of significant economic im-
lications, such as crop yield reductions (Lee et al. 2015 ). Third,
he variation in reports indicating a decline in perceived environ-
ental baselines among younger generations across the four en-
ironmental contexts might be caused partly by publication bias
Franco et al. 2014 ). Research in the fisheries field, where SBS was
nitially proposed (Pauly 1995 ), often emphasized exploring age- or
xperience-related differences in perceived environmental base-
ines as a primary research objective. Consequently, studies in this
eld that failed to identify a clear age or experience effect might
ot have been published. 
In our systematic review, several case studies quantified the
agnitude of the decline in perceived environmental baselines
mong the younger generations, although there was a lack of con-
istency in the methodological approaches employed. The find-
ngs suggest significant variability in the magnitude of these de-
lines across different cases. For example, Alessa and colleagues
2008 ) reported that the proportion of individuals in Alaska per-
eiving deterioration in water quality and decreased water avail-
bility decreased by over 70% in the younger generations com-
ared with the older generations. Similarly, in Italy, Veneroni and
ernandes (2021 ) found that the number of benthic species per-
eived as depleted by fishers was more than 80% smaller in the
oungest generation compared with the oldest one. Conversely,
tudies that observed a less severe pattern (e.g., Manandhar et al.
015 , Funatsu et al. 2019 ) or almost no change (e.g., Shitu et al.
018 , Tofu 2018 ) also exist. We were unable to formally quantify
he overall magnitude and variability of these declines because of
imited data availability. Nevertheless, exploring the magnitude
nd rate of SBS, along with the factors influencing variations in
ace, remains a crucial research challenge. 
Although the observed greater environmental baselines among

lder generations in this study suggest the occurrence of SBS, we
cknowledge the potential for biases. One such bias is the memory
llusion effect, which proposes that older individuals may inac-
urately recall past environmental conditions, perceiving change
here this was very limited or absent (see Papworth et al. 2009 ).
he extent of this effect can be assessed with precise informa-
ion on the actual historical environmental conditions in each
tudy site analyzed by the selected articles. Unfortunately, how-
ver, the majority of the studies did not provide such detailed in-
ormation, although some did (e.g., Roco et al. 2015 , Shrestha et al.
019 , Jones et al. 2020 , Teshome et al. 2021 ). Consequently, we
ere unable to determine how this effect influenced our results.
evertheless, considering that almost all of the included studies
ere conducted in areas where environmental degradation is ac-
ually occurring, it is unlikely that such an effect had a strong
mpact. 
In our analysis of 77 perception measures, only a limited sub-

et (9 out of 77 case studies; table 2 ) falls under the younger hold
igher baselines category, and the majority of these did not yield
tatistically significant results. Although this observation suggests
hat upward shifts in people’s perceived environmental baselines
ay be much less common than downward shifts, it does not rule
ut the possibility of the former happening. Indeed, although SBS
as initially conceived to explain the downward shift of people’s
erceptions and accepted norms toward natural environmental
onditions (Pauly 1995 , Papworth et al. 2009 , Soga and Gaston
018 ), theoretically, these baselines can also shift in an upward
irection (Steen and Jachowski 2013 ). Because of the methodolog-
cal limitations associated with the vote counting approach, we
ere not able to determine whether the low proportion of case
tudies in the younger hold higher baselines category is because
his trend is indeed rare or because researchers have not explored
his possibility or have not published results showing this trend
n peer-reviewed journals (i.e., are indicative of publication bias).
lthough the current discourse on SBS is primarily focused on en-
ironmental degradation, future research should also explore this
henomenon in the context of environmental improvement. 

mplications 

erceptions and awareness of environmental issues are known to
e key predictors of people’s willingness to support and engage in
ractices and policies aimed at addressing these issues (Halady
nd Rao 2010 , Spence et al. 2011 , Masud et al. 2015 , Arı and Yılmaz
017 ). The widespread decline in perceived environmental base-
ines found in the present study is therefore of profound concern
Pinnegar and Engelhard 2008 , Soga and Gaston 2018 , Gaston et al.
023 ). It may lead policymakers and resource managers to estab-
ish and use inappropriate (i.e., less ambitious) targets for environ-
ental conservation and restoration programs (Humphries and
inemiller 2009 , Bonebrake et al. 2010 , Plumeridge and Roberts
017 , Joy and Canning 2020 , Mehrabi and Naidoo 2022 , Scopes
t al. 2023 , but see Jones et al. 2021 ) and to undermine broader
ublic support for more ambitious targets when these are pro-
osed (Wu et al. 2011 , Roman et al. 2015 , McClenachan et al. 2018 ,
ones et al. 2020 , Lovell et al. 2020 ). With ongoing increases in
lobal human population and per capita demand for natural re-
ources, the pace of environmental degradation is accelerating
apidly worldwide (Díaz et al. 2019 , Borrelle et al. 2020 , Cheung
t al. 2021 , Zhou et al. 2023 ), potentially making SBS a greater is-
ue and its impacts even more marked. 
Given the profound implications of SBS for environmental con-

ervation and management, it seems crucial to consider how to
ddress this issue effectively. Arguably, the most direct strategy to
chieve this objective is the restoration of natural environments,
ven if only locally achievable (Soga and Gaston 2018 ). With suit-
ble opportunities, this approach can provide people with per-
onal, direct experiences and vivid memories of natural environ-
ents that exhibit relatively high quality (Akhshik et al. 2023 ).
ncouragingly, many parts of the world have experienced some
ocal environmental improvement recently. Certain European and
orth American countries, for example, have implemented rewil-
ing practices as major conservation strategies, resulting in the
ecovery of rare and locally extinct wildlife species (Lorimer et al.
015 , Svenning et al. 2016 ). In addition, many higher-income and
rbanized societies have dedicated substantial efforts to enhanc-
ng environmental conditions, including advances in air and water
uality and the expansion of greenspace coverage (e.g., Tan et al.
013 , Ma et al. 2020 , Wu et al. 2021 ). 
This said, given the existing prevalence and escalating scale of

nvironmental degradation caused by human activities, relying
olely on people’s experiences of environmental restoration will
ot be sufficient to counter SBS (Soga and Gaston 2018 ). Indeed,
any ecosystems on Earth have long been experiencing signifi-
ant human-driven anthropogenic impacts, making it challeng-
ng and, in some cases, impossible to restore them to their origi-
al state, especially as they have transitioned into what has been
eferred to as Anthropocene baselines (Kopf et al. 2015 ). In addi-
ion, there are some environmental challenges, such as climate
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hange and the depletion of fish abundance, where even with
mmediate implementation of environmental restoration activi-
ies, marked immediate responses may not be feasible. In such
ases, the provision of accurate information about past envi-
onmental conditions becomes virtually the only viable option
o enhance people’s perceived environmental baselines (Baisre
013 , Plumeridge and Roberts 2017 ). Indeed, there is a grow-
ng effort to reconstruct precise historical conditions of the nat-
ral environment—specifically, those predating large-scale an-
hropogenic activities—using available ecological, historical, and
rchaeological data, coupled with robust statistical approaches
e.g., Lotze and Worm 2009 , Bonebrake et al. 2010 , Baisre 2013 ,
odrigues et al. 2019 , Collins et al. 2020 ). 
The delivery of environmental information is feasible across

arious settings, including educational and recreational activ-
ties conducted in schools or museums (Lindemann-Matthies
002 , Moss et al. 2017 , Rees 2017 ). These activities can also con-
ribute to decreasing people’s psychological distance to environ-
ental issues and can enhance general environmental literacy

Lee et al. 2015 , Weber 2016 ). However, it is important to acknowl-
dge that, although information provision is generally more im-
ediately achievable than environmental restoration, its effec-

iveness often proves limited and short lived (Otto and Pensini
017 ). Therefore, future research should be focused on maximiz-
ng the environmental outcomes of information provision. Recent
echnological advances in virtual reality, for example, provide a
ore immersive experience closely resembling the real world,
hich has the potential to enhance the effectiveness of informa-
ion provision (Markowitz et al. 2018 , Nelson et al. 2020 , Meijers
t al. 2023 ). 
In addition to providing direct experiences and information re-

arding natural environments, as was discussed above, employing
ore social approaches would also be crucial in helping people
nderstand the scale of ongoing environmental issues and their
ocietal impacts. Indeed, people’s perceptions of environmental
ssues are known to be shaped by a wide range of personal, social,
ultural, and political factors (see Lee et al. 2015 , Weber 2016 for
he case of climate change). Therefore, future policies and actions
imed at reversing SBS should combine multiple strategies rather
han solely relying on providing experiences and knowledge,
lthough these remain significant. 

uture research directions 

ollowing our literature search and systematic review, we have
dentified several crucial areas for future research. First, there is
 need more commonly to broaden the study of SBS beyond the
ealms of climate change and fisheries. The studies to date have
redominantly been focused on these domains (table 1 ), leaving
he prevalence of SBS in other environmental contexts somewhat
nclear. However, given the alarming rates of diverse environmen-
al challenges beyond climate change and fish stock decline, it
s reasonable to assume that people’s perceived environmental
aselines could be declining across a much broader spectrum of
nvironmental contexts than those we focused on in our review. 
Second, although we observed declines in perceived environ-
ental baselines across various countries, the research efforts
howed a geographical bias. For example, climate change re-
earch was mainly concentrated in Africa and Asia (figure 2 ).
iven that people’s perceptions of environmental change can
e shaped by socioeconomic and cultural factors, future studies
hould investigate SBS patterns in a more diverse range of global
opulations. 
Third, our literature review highlighted a bias toward research
involving primary industry stakeholders, such as farmers and
fishers (table 1 ). Although this focus is understandable because
of the significant environmental impact and economic depen-
dence of these stakeholders, it is crucial to expand this scope.
Other groups, including laypeople, policymakers, and practition-
ers, also play substantial roles in shaping environmental out-
comes through their decisions and actions (Beckage et al. 2018 ,
Nielsen et al. 2021 ). Therefore, future research on SBS should en-
compass these diverse stakeholders to achieve a comprehensive
understanding of its dynamics and implications. 

Fourth, our literature review underscored the importance of
longitudinal studies that track people’s perceived environmental
baselines over time. Our review exclusively encompassed cross-
sectional studies that investigated perceived environmental base-
lines across different age groups at a single point in time. The
absence of longitudinal studies is noteworthy because it hin-
ders the possibility of ascertaining the extents to which lower
environmental baselines among younger age groups identified
in this study are influenced by a longitudinal effect, where per-
ceived environmental baselines in a population indeed decline
over time or by a cohort effect, where such baselines in a popula-
tion remain stable over time and variations across ages stem from
generational differences in personal, social, and environmental
conditions. 

Fifth, despite our presenting the first systematic review on this
topic, it is crucial that a body of studies is generated that enables
more quantitative analysis, such as a meta-analysis, in the fu-
ture. Because of the heterogeneity of the included studies, we em-
ployed a vote-counting approach. Although this method is com-
monly used in such situations (Higgins et al. 2019 , Campbell et al.
2020 ), it has several limitations. For instance, it does not account
for the quality of studies and sample sizes, which varied substan-
tially among the included studies (see supplement S2). It also does
not allow for consideration of the variation in effect sizes—that
is, the magnitude of changes in people’s perceived environmen-
tal baselines. More quantitative studies will enable synthesis ap-
proaches that provide crucial insights into the drivers of SBS and
how to address it. 

Conclusions 

Environmental scientists have extensively documented the rapid
and ongoing decline of natural environmental conditions. Our re-
view, based on the available evidence, confirms that this down-
ward trend is evident also within people’s minds. Indeed, it sug-
gests that people’s perceived environmental baselines are experi-
encing widespread decline. With the findings of our study in mind,
the next key step in this area is to assess how and to what ex-
tent this widespread decline in perceived environmental baselines
affects efforts to address ongoing environmental issues. Given
the potentially diverse ways SBS can influence nature conserva-
tion and management (from changes in individual daily behav-
ior to policymaking), its impact cannot be overlooked and may be
profound. 
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