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Abstract

The lack of robust and timely data continues to be a limiting factor in the capacity to monitor

progress towards the United Nations Sustainable Development Goals (SDGs). Developing

indicators based on big data has been proposed as a suitable approach to overcome this

challenge but such developments have largely focused on earth observation data. Digital

data representing aspects of human behaviour, such as information-seeking behaviour,

hold great potential to monitor interest and engagement with sustainability topics. Using

worldwide data from online searches carried out through Google’s search engine, we

explore how interest in the seventeen SDGs has changed over time since the goals were

first proposed and assess how the COVID-19 pandemic affected these dynamics. Our

results suggest a growing trend for searches related to the SDGs since they came into place

in 2016. Interest was mostly directed at social and economic-related goals in the first years,

but increasing interest in environmental goals has greatly increased in the last years. The

onset of the COVID-19 pandemic caused significant disruptions in internet searches for the

SDGS, but interest has recovered since then and continues to grow. Searches for the differ-

ent SDGs are also more frequently connected following the pandemic, possibly indicating a

growing awareness of the inter-related nature of sustainability goals. While further progress

is needed to captivate broader engagement with the SDGs, our analysis suggests some

progress has been achieved and highlights the potential of digital data to improve our under-

standing of public interest and engagement with sustainability topics. To materialize this

potential, we outline specific areas where digital data can enhance capacity to monitor and

shape sustainability progress.

Author summary

Monitoring progress towards the United Nations Sustainable Development Goals is

essential to ensure they are achieved by the 2030 deadline. However, data available for this

purpose is scarce and often not available in near real-time which prevents prompt action.

Digital big data have been proposed as a potentially source of useful and timely informa-

tion for monitoring progress towards the Sustainable Development Goals, but
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development of suitable indicators and validation of their application has lagged. We pro-

pose that the volume of internet searches can be used as an indicator for monitoring

engagement with the Sustainable Development Goals. Using data from internet searches

carried out through Google’s Search Engine, we show that interest in the different Sustain-

able Development Goals has continued to increase since they were officially announced,

and despite a period of lower interest caused by the COVID-19 pandemic. We also suggest

that interest in the different goals has become more connected which can indicate broader

awareness of the interconnected nature of sustainability goals. Our study is a demonstra-

tion of how digital big data can be used to develop new indicators of progress towards

broader engagement with sustainable development goals and we highlight opportunities

for the further development of digital indicators.

1. Introduction

The ratification of the seventeen Sustainable Development Goals (SDGs) that comprise the

United Nations’ 2030 Agenda for Sustainable Development in 2015 represented a landmark

for sustainable development efforts [1]. The SDGs constitute commitments to enact progress

towards global sustainability through a set of integrated goals (e.g., ending poverty and famine

go together with tackling climate change and conserving nature) that aim to balance the eco-

nomic, social, and environmental dimensions of sustainable development. The roadmap rep-

resented by the SDGs seeks to engage people from multiple regions, cultures, and sectors of

society, as involvement of all these groups is essential for the agenda to be successful and its

achievements irreversible [1].

Monitoring relevant progress towards the targets defined in the SDGs [2] is crucial to ensure

the success of the 2030 Agenda for Sustainable Development. Difficulties in assessing progress

towards the Millennium Development Goals (precursors to the SDGs) associated with data

availability, accuracy and timeliness [3], ensured that the identification of adequate data and

indicators for monitoring progress towards the SDGs was priority since their establishment [1].

Big data has emerged as a suitable source of information for monitoring the SDGs [4,5]. The

use of large digital data sources and methods is especially attractive in the face of growing

demands for timely data, increasing costs of field data collection, and dwindling budgets [6]. A

review of advances in the use of big data for monitoring the SGDs highlighted that datasets and

methods have been explored for fifteen out of the seventeen SDGs, covering over fifty specific

sustainable development targets through more than sixty indicators [7]. However, the same

study also highlights that many SDGs are addressed by only one or two indicators, and that

most of these indicators draw from satellite and earth observation data whereas behavioural and

opinion data remain comparatively unexplored. This contrasts with the increasing uptake of

digital datasets and methods in areas affiliated with sustainability goals.

For instance, the emerging research area of conservation culturomics has been spurred by

the expanding use of large digital datasets and approaches for biodiversity conservation [8].

Culturomics methods (see Box 1) allow researchers to analyse the content available online

through digital platforms, for example in the form of text, images, and videos, and how people

engage with such content by searching for, visualizing, assessing, and sharing it (Fig 1). The

novelty of these methods implies that their full potential in relation to the SDGs is still to be

explored, but exciting applications are emerging. Data from internet searches, for example,

have been shown to predict well a range of real-world dynamics associated with employment

growth [9], medical assistance seeking [10,11], and consumer behaviour [12], all of which have
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clear links to sustainability goals. Long-term trends in growing (or dwindling) information-

seeking behaviour can be indicative of public (dis)engagement [13–15], whereas shorter-term

dynamics may provide clues to how specific events may affect sustainability progress. The

onset of the recent COVID-19 pandemic provides a good case in point. While the emergence

of the COVID-19 pandemic has been linked to unsustainable behaviours driving the ongoing

biodiversity and sustainability crises [16], and there is evidence that the pandemic disrupted

interest in topics related to health, tourism, and the environment [17,18], its consequences on

sustainability efforts remain uncertain. Some scientists have outlined the need to rethink the

SDGs in the wake of the pandemic [19], while others argue the pandemic re-emphasizes the

importance of the SDGs as catalyst for progress [20]. Either way, continued monitoring of

societal interest in sustainability topics will be paramount to ensure progress towards

sustainability.

Here, we use a culturomics approach to track worldwide interest in the SDGs since their

establishment at the beginning of 2016 and through the Covid-19 pandemic to the end of

2021. Firstly, we assess the broad temporal trends in search interest towards the main dimen-

sions of sustainability (economic, environmental, and social). We then characterize the tempo-

ral dynamics of search interest for each of the seventeen SDGs individually and test whether

the onset of the pandemic caused any significant disruption on search interest. We also check

the relationship between online searches for different goals and assess whether their

Box 1 – What is culturomics?

Culturomics can be broadly defined as the quantitative study of human culture using

large datasets. The approach was first proposed by Michel and colleagues [54] who

defined it as “the application of high-throughput data collection and analysis to the

study of human culture”. The authors argue that culturomics methods can be seen as

analogous to the microscope, allowing scientists to explore and reveal aspects of cultural

dynamics that would go amiss otherwise.

In their pivotal study, Michel et al. [54] used a corpus of millions of digitized books avail-

able through Google Ngram Viewer to explore cultural dynamics between 1800 and

2000. They show, for example, how the content of books can be used to study how peo-

ple rise to fame and detect censorship and idea suppression. Despite the focus of the

original analysis on the textual content of books, the authors recognized the need to

expand culturomics analyses to other cultural products such as newspapers, maps, and

artworks, and therefore to expand culturomics methods also to non-textual information.

Similar views have also been expressed by other authors [55], and there is increasing rec-

ognition that the reach of culturomics methods can extend beyond texts supported by

ongoing methodological developments in image and video analysis [50].

Since the original study was published, culturomics methods have been adopted in mul-

tiple areas of scientific inquiry, including health [56], psychology [57], economics [58],

and biodiversity conservation [8]. While culturomics methods are not without limita-

tions [50], they provide a complementary approach to other methodologies for the study

of the dynamics of human culture. The reach and scope of culturomics methods could

therefore represent a worthy addition to the toolbox of researchers working on sustain-

ability topics.
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association increased or decreased after the pandemic to explore how perceptions of the inter-

related nature of the SDGs were impacted by the pandemic.

2. Methods

We carried out a culturomics analysis of search interest using time-series data of weekly search

volumes for each Sustainable Development Goal (SDG) based on information from internet

searches carried out on Google’s search engine between January 2016 and December 2021. We

used the times-series data to i) characterize temporal trends in search volume for each sustain-

ability dimension and each individual SDG, ii) investigate breakpoints in search volume trends

for each individual SDG, and iii) assess differences in the temporal correlation of search vol-

ume between SDGs before and after the Covid-19 pandemic. We grouped SDGs under eco-

nomic, environmental or social dimensions (see Table A in S1 Text) depending on which

dimension the goal most closely relates to, following the categorization provided by Zheng and

colleagues [21]. All analyses were implemented using R software version 4.1.3 [22] and figures

were prepared using package ggplot2 for R [23].

Fig 1. Schematic framework describing the process of a) data sourcing, b) data mining, c) data processing, and d) data analysis involved in culturomics analyses.

https://doi.org/10.1371/journal.pstr.0000070.g001
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2.1 Search volume data

We obtained time-series data of relative search volume for each SDG based on internet

searches performed on Google’s search engine. Specifically, we obtained weekly relative search

volume data for the period between January 1 2016 and December 31 2021 (n = 313 weeks)

from the Google Trends (see https://trends.google.com/) Application Programming Interface.

We limited our sampling period to the end of 2021 given that changes to the Google Trends

algorithm were implemented on January 1st, 2022.

Google Trends returns relative search volume data ranging from 0 to 100; the maximum

value is assigned to the highest proportion of total searches observed during any given week of

the sampled period and all other values are scaled in relation to it. However, because Google

Trends returns search volume data that is scaled relative to the most searched for topic, and

because the number of topics allowed in a single search is limited, an iterative data collection

process was necessary to ensure search volume was comparable between goals [24]. Specifi-

cally, we first identified the Google Knowledge Graph entities pertaining to each SDG (see

Table A in S1 Text), which were used to perform topic searches in Google Trends. Topic

searches based on Knowledge Graph entities include searches for groups of terms that share

the same concept in any language, thus accounting for language differences (see https://

support.google.com/trends/answer/4359550).

We then carried out multiple topic searches for groups of up to five SDG topics (the maxi-

mum number of topics allowed in a single search), ensuring one common topic between each

search (i.e., first search including SDGs 1,2,3,4,5, second search including SDGs 1,6,7,8,9, and

so on). The values returned for the common SDG topic in either search can then be used to

estimate a scaling factor between searches, which we used to rescale all search values to a single

common scale. Following previous approaches [24–26], the scaling factor was calculated as the

coefficient of a linear regression between the weekly values of either search. The SDGs used to

calculate the scaling factor were selected iteratively because the scaling factor cannot be accu-

rately calculated when zero values are present in the data. Therefore, the SDG used for scaling

was selected for each search pair based on i) the highest number of non-zero values between

searches and ii) a regression R2 value above 0.95 (which indicates a strong correlation between

the values of each search). The weekly values of search volume for each SDGs were then

rescaled using the calculated coefficient to ensure estimates were comparable between SDGs.

The resulting data provides an estimate of the search volume with which each SDG was

searched for every week over the sample period (6 years) relative to the other goals. This metric

can be seen as a proxy for the underlying degree of public interest in each SDG over the sam-

pled period. All time-series data were handled using package tsibble [27]. This software pack-

age was selected because it implements tidy data principles [28] (i.e., it provides a standardized

way to organize information in a dataset), a feature that is not available in alternative packages

for the same software.

2.2 Time-series analysis

We used the time-series of relative search volume data pertaining to each SDG to calculate the

search volume associated with each sustainability dimension by adding the search volume of

each individual SDG most associated with that dimension. These values were rescaled from

0–100 following the same rescaling process used on the original data and used to calculate the

proportion of search interest in each week for the three sustainability dimensions [29]. Then,

for each individual SDG, we also calculated i) the average relative search volume for each SDG

over the sampling period, ii) the temporal trend of relative search volume for each SDG, and

iii) the existence of relevant breakpoints in the time series data for each SDG. We calculated
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the average weekly relative search volume using function ‘mean’ from R package base and used

Mann-Kendall tests to detect trends in the weekly time series data for the 6 years sampled (see

Table B in S1 Text). Mann-Kendall tests were implemented using the ‘MannKendall’ function

in package Kendall [30]. The Mann-Kendall test is a robust non-parametric test to detect

trends in time series analysis when data are not normally distributed [31]. The Mann-Kendall

test calculates Kendall’s tau statistic (τ) [32] using time-series data and tests this statistic against

a null hypothesis of no trend [33]. A positive or negative tau value indicates an upward or

downward trend respectively. Mann-Kendall tests have been previously used to detect the exis-

tence of significant temporal trends in relative search volume data [34].

Finally, we tested for the existence of significant breakpoints in the time-series of relative

search volume data for each SDG using function ‘bfast’ from package bfast [35]. For the detec-

tion of breakpoints in the time series, we regressed the relative search volume data against the

date of sampling using the minimal number of twelve observations (i.e., weeks) in each seg-

ment to detect the breakpoint using a harmonic seasonal model [36]. This calculation returns

the estimated date of detected breakpoints as well as a confidence interval for the estimated

date. We considered the COVID-19 pandemic affected interest in SDGs when a breakpoint

and its 95% confidence interval overlapped with March 11 2020, when the World Health Orga-

nization first characterized the Covid-19 infection as a pandemic (see https://www.who.int/

news/item/29-06-2020-covidtimeline).

2.3 Temporal correlation analysis

If the vision that SDGs are to be integrated and indivisible in nature is true also in the public

mind, then it might be expected that internet searches for one SDG will result in concurrent

searches for associated SDGs. To assess this relationship, we calculated the temporal correla-

tion between search volume data for each SDG pair. Specifically, we assessed the correlation

between searches for SDG pairs carried out in the same time-period, as this would best reflect

the degree of integration between SDGs (although we recognize that lagged associations may

also exist, for example see Nghiem and colleagues [34]). Assessing the correlation between

internet searches requires that time-series data are stationary, but the presence of significant

temporal trends rendered our data non-stationary. Hence, prior to the correlation analysis, we

used function ‘STL’ from package feasts [37] to separate the trend and seasonal components of

the time series, keeping only the remainder for analysis. In summary, this function applies a

sequence of data smoothing operations using a locally weighted regression (loess) smoother to

extract each component of the time series (see [38] for details on the formula used for time-

series decomposition). Package feasts provides a collection of tools for processing and analys-

ing time-series data, and was selected for use because it is also based on tidy data principles

[28] and is thus able to interact with data objects generated by package tsibble used in earlier

steps of the work.

We then performed a two-sided Pearson’s correlation test between the time-series of rela-

tive search interest of unique SDGs pairs using function ‘cor.test’ from package stats. We assess

the correlation between search interest for each SDG pair for the whole sampled period, and

for the periods before and after the Covid-19 pandemic was declared. We identified the SDG

pairs for which the Pearson’s correlation test identified a significant positive or negative corre-

lation and used them to plot a network of temporal correlations between search interest in

SDGs. The estimated correlation coefficients (Pearson’s r) for each SDG pair and for each

period assess are available in Figs A-B in S1 Text.
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3. Results

Our analysis of time series data representing worldwide internet searches indicates that inter-

est has grown for the three key dimensions of sustainability since the SDGs came into effect at

the beginning of 2016 (Fig 2A). Searches for SDGs associated with the economic and social

dimensions dominated the earlier years, but since then the proportion of searches have

become more similar between the three dimensions (Fig 2B), suggesting that interest in SDGs

linked with the environmental dimension has grown faster in the last few years. These patterns

are confirmed through the detailed analysis of search interest for each SDG individually (Fig

3). An increase in search volume was found for all SDGs between January 2016 and December

2021 (Mann-Kendall trend test, p� 0.001>; Supplementary Table 2), with the trend ranging

between 0.489 for SDG 16 focusing on peace, justice, and strong institutions, and 0.686 for

SDG 13 related to climate action. SDGs associated with the environmental dimension tended

to show slightly stronger positive trends (median = 0.606) than those associated with economic

(median = 0.570) or social (median = 0.567) dimensions, but no significant differences were

observed in the trends between groups (ANOVA, F-value = 0.757, p = 0.488). Mean relative

search volume was highest for SDG 4 (Education) and lowest for SDG 9 (Industry, Innovation,

and Infrastructure).

Importantly, we also observed disruptions to growing interest in the SDGs in association

with the onset of the COVID-19 pandemic. Specifically, we identified multiple breakpoints in

the time-series associated with decreasing search interest immediately before or overlapping

with the declaration of the COVID-19 pandemic for seven of the seventeen SDGs (Fig 3). The

affected SDGs relate to all dimensions of sustainability–economic, environmental, and social–

Fig 2. Summary of temporal trends in search interest towards the environmental (green), economic (dark blue) and social (light blue) dimensions of sustainable

development. Temporal trends are represented in relative weekly search volume (A) and the proportion of all weekly search volume (B) for each sustainability

dimension.

https://doi.org/10.1371/journal.pstr.0000070.g002
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but were more commonly associated with goals related to economic (SDG 1—Poverty, SDG 2

—Hunger, and SDG 17—Partnerships between goals), and environmental (SDG 6 –Water,

SDG 13 –Climate, and SDG 14 –Marine life) dimensions than social ones (SDG 4 –Education).

The disruptions resulted in marked decreases in search volume and momentaneous negative

trends, suggesting the pandemic may have shifted public attention patterns. Internet searches

related to the other ten SDGs continued a growing trend and no significant breakpoints were

identified in relation to the pandemic.

We also found that searches for SDGs were only weakly associated in time before the pan-

demic, but the strength of their association increased after the onset of the COVID-19 pan-

demic (Fig 4). The temporal correlation in search interest between SDG pairs (i.e., the degree

with which a high or low volume of searches for one SDG correspond to a similar volume in

another goal) for the period between January 2016 and February 2020 was significantly lower

than that observed in the period between March 2020 and December 2021 (Paired t-test, t =

-9.7465, p� 0.001). The temporal correlation between SDGs increased from an average of 0.16

for the period before the onset of the pandemic to an average of 0.26 in the subsequent period.

Over one hundred SDG pairs showed an increase in the search volume correlation strength

after the COVID-19 pandemic, whereas only 29 pairs saw searches become more disconnected

after the COVID-19 pandemic. While some SDGs showed negative temporal correlations (i.e.,

growing search volume for one SDG coincided with a decrease for the other SDG, and vice-

versa) between SDGs before the pandemic, which can be associated with competition for pub-

lic attention, no negative correlations were observed after the COVID-19 pandemic, which

Fig 3. Temporal trends in search interest for the seventeen United Nations Sustainable Development Goals (SDGs). The time-series of relative search volume data is

represented for each SDG in grey, whereas the smoothed trend is highlighted in colour for SDGs associated with environmental (green), economic (dark blue) and social

(light blue) dimensions of sustainable development. Vertical dashed bars represent the week when the World Health Organization first declared the coronavirus

(SARS-CoV-2) outbreak as a pandemic. Vertical coloured bars indicate periods (95% confidence interval) where a positive (green) or negative (red) breakpoint was

observed in the search volume time series.

https://doi.org/10.1371/journal.pstr.0000070.g003
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may be explained by a more integrated view of the SDGS and better synergy between interest

in the different goals.

4. Discussion

Overall, our results indicate that internet searches for the SDGs have increased worldwide

since the goals were first announced. Search interest increased for all SDGs despite the disrup-

tions caused by the COVID-19 pandemic. Several studies have documented changes in public

interest and attention towards several topics related to sustainability goals following the onset

of COVID-19 pandemic and the implementation of lockdown measures to control it. For

example, there were early reports of a shift in news media coverage away from the topic of cli-

mate change due to the pandemic, pointing towards a broader societal attention shift away

from SDG 13 (climate action) [39]. There is also evidence that the COVID-19 pandemic

shifted attention away from other prevalent diseases [40], with potential long-term conse-

quences for health and wellbeing. At the beginning of the pandemic, it was unclear how these

disruptions would affect broader societal engagement with the SDGs into the future. The

sharp shift in attention away from the SDGs could have been interpreted as a sign of broader

societal disengagement with the goals, supporting calls for the need to rethink and restructure

the SDGs in the wake of the pandemic [19]. However, the subsequent recovery, further growth

and increasing association in interest between the goals points towards the opposite direction,

and suggest the SDGs are more relevant than ever [20]. In fact, many of these patterns can be

interpreted considering the impacts of the COVID-19 pandemic across the world. For exam-

ple, interest in SDG 4 (quality learning) has increased further and peaked after the pandemic

Fig 4. Summary of temporal correlations in relative search volume between United Nations Sustainable Development Goals (SDGs) and how they shifted

following the coronavirus (COVID-19) pandemic. Correlation coefficients between SDG pairs are presented for the periods before (black) and after (red) the onset

of the COVID-19 pandemic (A) and as the change in correlation coefficient (red representing decreasing correlation, blue representing increasing) between

periods (B).

https://doi.org/10.1371/journal.pstr.0000070.g004
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and is currently the goal gathering most interest (Fig 3). The pandemic disrupted education

systems all over the world with the closure of schools, and evidence suggests the shift from in-

person education towards remote learning is likely to have severely impacted student learning

experiences [41,42]. Similarly, online interest has grown towards SDG 1 (no poverty) and SDG

3 (good health and well-being) and has become more closely aligned following the pandemic

(Figs 3 and 4). The linked negative impacts of the pandemic on work and food security have

been well documented in many countries, including Brazil [43], Bangladesh [44], India [45],

and South Africa [46], exposing the manifold consequences of the pandemic on people’s liveli-

hoods. Taken together, our results support the idea that the SDGs are gathering interest and

momentum.

Indeed, the multiple ramifications of the COVID-19 pandemic may have spurred a deeper

awareness of the integrated nature of the SDGs. It has been suggested that the interrelated

nature of SDGs has not been fully translated into sustainability policy and targets [47,48]. Our

results suggest that awareness of their connections is weakly reflected in internet search behav-

iour. However, our results also suggest awareness is improving, as manifested by the more bal-

anced distribution of search interest between economic, environmental, and social topics, and

growing connections between search interest for the multiple SDGs following the pandemic.

The realization that the emergence of the COVID-19 pandemic was driven by multiple eco-

nomic, social, and environmental drivers has reinvigorated calls for a more holistic, ‘One

Health’ approach to planetary health [49]. The time may be ripe to also communicate more

clearly an integrated, ‘One Sustainability’ vision that can stimulate further progress towards

sustainability across its multiple dimensions.

While our results outline patterns associated with the evolution of worldwide public interest

towards the SDGs and how it was seemingly disrupted by the COVID-19 pandemic, they

should be interpreted with caution. Aspects related to the nature of the data, who contributes

to it and what it represents require careful consideration [50]. Indeed, we recognize that our

analysis provides only a broad overview of how interest in the SDGs has progressed across the

world and is unlikely to capture relevant information about these trends for many regions and

countries. For example, it is well known that Google’s Search Engine is not widely used in

countries such as China or Russia. Therefore, our results are unlikely to accurately represent

search interest in these countries. The proportion of the population with internet access also

varies greatly between countries and for many countries with restricted access the internet is

unlikely to accurately represent interest and awareness of the SDGs in the broader population.

Hence, our results can be considered as being more representative of, and more influenced by,

patterns of interest towards the SDGs in countries where internet access is widespread.

We also note that patterns of interest reported for each SDG may not fully represent search

interest for the sustainability aspect they reflect. Our approach of using topic searches (see

Methods) can capture multiple searches seeking information related to each SDG, for example

using different terms or languages, but is unlikely to capture all relevant searches associated

with each goal. A more detailed assessment of interest in the different sustainability topics

using search engine data can be implemented through the identification and inclusion of other

relevant topics associated with each goal (e.g., ‘climate change’ and ‘climate emergency’ in rela-

tion to SDG 13). Finally, we emphasize that the worldwide assessment we carried out here

omits other important spatial, temporal and cultural dynamics that provide vital insights to

ensure further progress [21]. Future studies will benefit from interdisciplinary approaches that

articulate information obtained from social surveys and other more well-established methods

with data obtained from digital sources to validate the results and develop more detailed,

nuanced, and robust assessments that consider these dimensions.
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5. Conclusions

Overall, our study demonstrates how digital approaches can help assess progress towards

higher engagement with and better integrated approaches to sustainability. Relevant indicators

of progress towards the SDGs are clearly needed [2] and mostly lacking for behavioural dimen-

sions [7]. Further development of ‘sustainability culturomics’ and other digital approaches [5],

taking advantage of internet searches, social media, and other digital data sources, can help

ensure a complementary suite of indicators exists to monitor public engagement with sustain-

ability topics at multiple scales. Such indicators can assist in assessing communication efforts

by identifying ineffective or harmful framings and tracking their impacts on target audiences

[51], evaluating the benefits, impacts and trade-offs of sustainable development related proj-

ects [52,53], and the development of novel leading indicators that can prove valuable in fore-

casting progress towards sustainability targets. More generally, the application of culturomics

approaches to sustainability topics opens exciting new opportunities to foster discussions, col-

laborations, and experimentation towards a brighter, more sustainable future.
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