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Abstract Companies and related consumer behaviours

contribute significantly to global carbon emissions. How-

ever, consumer behaviour is shifting, with the public now

recognising the real and immediate impact of climate

change. Many companies are aware and seemingly eager to

align to consumer’s increasing environmental conscious-

ness, yet there is a risk that some companies could be

presenting themselves as environmentally friendly without

implementing environmentally beneficial processes and

products (i.e. greenwashing). Here, using longitudinal cli-

mate leadership, environmental messaging (Twitter) and

stock price data, we explore how climate leadership (a

relative climate change mitigation metric) and environ-

mental messaging have changed for hundreds of UK

companies. Using the environmental messaging, we also

assess whether companies are simply greenwashing their

true climate change performance. Finally, we explore how

climate leadership and environmental messaging influence

companies’ stock prices. We found that companies (on

average) have increased their climate leadership (coef:

0.14, CI 0.12–0.16) and environmental messaging (coef:

0.35, CI 0.19–0.50) between 2010 and 2019. We also found

an association where companies with more environmental

messaging had a higher climate leadership (coef: 0.16, CI

0.07–0.26), suggesting messaging was proportionate to

environmental performance, and so there was no clear

pattern of using Twitter for greenwashing across UK

companies. In fact, some companies may be under-adver-

tising their pro-environmental performance. Finally, we

found no evidence that climate leadership, environmental

messaging or greenwashing impacts a company’s stock

price.

Keywords Climate change � Corporate social

responsibility � Environment � Finance � Greenwashing �
Sustainability

1 Introduction

Climate change (IPCC 2014), biodiversity loss (IPBES

2019), and pollution (Rockström et al. 2009) are placing

the planet under increasing stress. This environmental

destruction and disturbance are already degrading the

resilience of our economies and placing people’s lives and

livelihoods at risk (Bosello et al. 2006). In response, there

have been calls from society (Han and Ahn, 2020), poli-

cymakers (United Nations 2018) and academics (Ripple

et al. 2017) to shift the way humanity lives towards a more

environmentally sustainable future.

Climate change and other environmental issues are not

new problems, as they have been an area of concern within

academic and policy circles for decades (Houghton et al.

1990). However, these issues have only gained widespread

public concern in recent years (Leiserowitz et al. 2018),

with evidence of an increase in people’s environmental

awareness and pro-environmental behaviours. For exam-

ple, environmental protection rivals the economy as one of

American citizens top concerns (Pew Research Center

2020), and people are increasingly avoiding single-use

plastics (Ertz et al. 2017), switching to renewable energy

(Ren21 2019) and embracing electric vehicles (Interna-

tional Energy Agency 2019). This shift in consumer

behaviours towards greener (i.e. more environmentally
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conscious) purchasing is important as individual con-

sumption can have negative implications on the environ-

ment (Stern 2000). There could be many reasons for this

shift towards greener purchasing, ranging from concern for

the environment, to conforming to new social norms—see

White et al. (2019) for a review.

Beyond consumers, many companies are also striving to

develop more environmentally sustainable practices and

products (Allen and Craig 2016; Bonini et al. 2008). There

are a variety of reasons for companies to become greener,

ranging from an ‘ecological responsibility’ to mitigate

environmental destruction and disturbance, through to a

duty to abide by environmental legislation (Bansal and

Roth 2000). But perhaps the most compelling, albeit nar-

cissistic, justification for companies to become greener

would be that improving environmental sustainability can

offer a competitive advantage (Bansal and Roth 2000). For

example, with an increasing shift towards environmental

sustainability interests (Pew Research Center 2020), there

is an opportunity for companies to meet the demand for

greener products. Companies that are adapting to this new-

greener demand are already absorbing more of the market

share (Kronthal-Sacco and Whelan 2021) and performing

better financially (Zhang et al. 2019). As a result, becoming

more environmentally sustainable can be a good business

decision (Fadul and Maurer 2004; Wagner and Schaltegger

2004).

Part of the improved economic performance by greener

companies could be explained by consumers engaging

more with companies that exhibit good social, environ-

mental and ethical behaviour (El Zein et al. 2020). How-

ever, a company’s sustainability performance information

is at least partially opaque for consumers at the point of

purchase, and so consumers are reliant on making pur-

chasing decisions based in part on an item’s branding

(amongst other things). Given growing consumer interest

in environmental sustainability (Pew Research Center

2020), it is reasonable to expect that companies will curate

their brand image to appeal to consumers sustainability

concerns. For consumers to effectively identify companies

with sustainable practices, a company’s branding would

need to accurately represent the company’s social and

environmental performance. However, with a growing

consumer interest in green products and a resulting eco-

nomic benefit for green companies (El Zein et al. 2020),

there is a risk to consumers that companies could use

‘greenwashing’ to over-represent their sustainability per-

formance (de Freitas Netto et al. 2020).

Greenwashing—a type of disinformation used to

describe ones actions as more environmentally friendly

than the reality; see de Freitas Netto et al. (2020) for a

review—could be advantageous for companies as they

could reap the rewards of gaining environmentally

conscious consumers without having to incur the costs of

actually becoming more environmentally sustainable. The

true extent of greenwashing by companies is unclear but

could be high, as a report by the European Commission

(2021) found 42% of claims (pro-environmental messages

linked to products or websites) were likely to be false or

misleading. For consumers, this may be problematic as

they are purchasing items under false pretences that could

violate their morals and beliefs, and for companies, beyond

burdening themselves with violating people’s morals, there

could be a risk of being ‘found out’ and incurring reputa-

tional damage.

To prevent scenarios like greenwashing, many countries

have marketing laws to ensure products are described

fairly. For example, in the United Kingdom, it is illegal to

falsely advertise products and deceive consumers (Gov

2008). These laws should protect consumers as companies

are required to represent their products accurately, allowing

a reasoned decision by the consumer about whether to buy

or not. However, there are numerous high-profile inci-

dences where these laws are stretched, or even ignored, e.g.

the health impacts of smoking (Gilmore et al. 2015).

Misrepresentations of this severity are likely rare, but

misdirection may still pervade the issue of climate change

and sustainability through greenwashing. For example, oil

companies in the USA were more likely to advertise the

environmental benefits of their products when the compa-

nies received media and governmental scrutiny (Brulle

et al. 2020). This suggests that greenwashing was used as a

mechanism to sway public opinion and legitimise their

products, despite these products having high carbon out-

puts, i.e. using advertising as a public relations stunt to

present the company as more environmentally sustainable

than their sustainability actions deserve.

1.1 Themes

Companies are an important source of global carbon

emissions (Ekwurzel et al. 2017), and whilst there is a

desire from society (United Nations 2018) to address

environmental problems, it is difficult to assess which

companies are truly embracing more environmentally

friendly practices, compared to those that are simply

greenwashing. Here, combining data from social med-

ia and environmental performance disclosure projects,

across hundreds of UK companies, we explore how envi-

ronmental performance (Theme 1) and messaging (Theme

2) have changed over the last decade using a longitudinal

analysis. We then consider if environmental messaging and

performance are proportionate, or if there is a risk of

greenwashing (Theme 3). Closing the work by exploring

how the three above themes influence a company’s finan-

cial performance (Theme 4).
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1.1.1 Theme 1: Change in climate leadership

If companies are listening to the societal (from people and

policy) push towards a more environmentally sustainable

future, we would expect companies’ environmental per-

formances to improve. We explore this theme by extracting

climate leadership scores for hundreds of UK companies

from the CDP (2020), where each score describes a com-

pany’s relative adoption of strategies to mitigate climate

change. We model timeseries of each company’s climate

leadership score to determine how climate leadership has

changed over time across the sampled UK companies.

1.1.2 Theme 2: Change in environmental messaging

Given the increasing push from society towards a more

sustainable carbon–neutral future (United Nations 2018),

we would expect companies to have increased their envi-

ronmental messaging. We explore this theme by extracting

social media posts from Twitter over the past decade

(2010–2019) for hundreds of UK companies and assess the

changing frequency of environmental word use over time.

1.1.3 Theme 3: Relationship between environmental

messaging and performance

Assuming that companies have implemented some climate

change mitigation in response to the increasing recognition

of climate impacts, we expect climate leadership and

environmental messaging to have increased over time.

However, we predict that some companies may not fully

embrace pro-environmental behaviours, but will still try to

obtain benefit from environmental messaging (greenwash-

ing). If this is the case, we would expect no relationship

between environmental messaging and climate leadership,

or perhaps a clustered relationship, where some companies

with high environmental messaging have high climate

leadership, and a splinter group has high environmental

messaging and low climate leadership. If companies are, on

the whole, embracing pro-environmental behaviours, and

accurately representing this in their brand, we would expect

a clear positive relationship, where companies with high

environmental messaging also have high climate

leadership.

1.1.4 Theme 4: Associations between financial

performance, climate leadership and environmental

messaging

Evidence suggests that companies which develop more

environmentally friendly products are taking more of the

market share (Kronthal-Sacco and Whelan, 2021) and

becoming more profitable (Zhang et al. 2019). We propose

three potential mechanisms for this improved financial

performance: (1) Becoming more environmental creates a

competitive advantage (Bansal and Roth 2000); (2) Pro-

moting environmentally friendly products and processes

expands a consumer base by attracting environmentally

conscious consumers (Zhang et al. 2019) and can attract

investors (Albarrak et al. 2019). (3) However, if option 2 is

utilised without also applying option 1, there is also a risk

of reputational damage from greenwashing and the result-

ing financial consequences (de Jong et al. 2020). We

explore these scenarios by modelling stock price growth

rates for companies against climate leadership scores (1),

environmental messaging frequency (2), and a green-

washing proxy variable (3), all with the aim of under-

standing potential influences on financial performance.

2 Research methodology

2.1 Data

2.1.1 CDP data

We obtained climate change performance data from the

publicly available CDP (formerly known as the Carbon

Disclosure Project) companies dataset (CDP 2020). Glob-

ally in 2019, over 8,400 companies disclosed their envi-

ronmental performance information, which falls into three

themes with descending degrees of available data (N rep-

resents number of disclosing companies in each category):

climate change (N = 8361), water security (N = 2435), and

forests (N = 543). Here, we focus solely on climate

change, as it is the most populated theme and has been

collected for a selection of companies as far back as 2003

(CDP, 2020). The publicly available CDP dataset provides

an ordinal summary score for each company in each year,

ranging from A to D, with intermediate minus scores (e.g.

A-) in between: A represents ‘leadership’, B is ‘manage-

ment’, C is ‘awareness’, and D is ‘disclosure’. Such that, an

A company would be one of the ‘world’s most pioneering

companies leading on environmental transparency and

performance’, whilst a D company is participating in the

disclosure but is not a leader in addressing environmental

risks. Earlier in the scheme, there was also a category E

which has now been removed by the CDP from the scor-

ing—to standardize scoring across the dataset, we removed

all E’s. To simplify this ordinal scale and allow averaging

over years, we converted this into a numeric integer

scale—as has been done in previous work (Guo et al.

2020)—ranging from 8 to 1, where A = 8, A- = 7, B = 6,

B- = 5, and so forth up to D- = 1. In cases where a com-

pany had provided insufficient information to be assessed,

or had been asked to participate in the disclosure by an
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investor or customer, but failed to complete the disclosure,

the company is granted an F. We classed these F scores, as

well as a series of additional categories with similar sen-

timent, as missing values.

We obtained the names of all UK registered companies

that participated in the 2019 CDP disclosures (N = 510)

and extracted the climate scores for each company, going

back to 2010. We excluded the CDP data between 2003

and 2009 as during this period few companies participated

in disclosures and many companies lacked Twitter profiles

(see below). Each of the 510 UK companies listed in the

CDP fell into one of 13 sectors. Some sectors only con-

tained one company, so these smaller sectors were con-

solidated into other relevant groups. Specifically,

‘Transport OEMS’ was merged with ‘Transport services’,

the ‘Steel’ and ‘Cement’ sectors were placed in ‘Con-

struction’, and any companies with missing sector infor-

mation were placed in the ‘General’ category. The number

of companies falling in each sector was highly variable

(Fig. 1a), and more than 80% of companies were in the

‘General’ category, which could occur when companies

don’t align to any specific sector. The proportion of com-

panies disclosing in each sector varied considerably, with

86% of agricultural commodity companies missing climate

scores in at least eight of the last 10 years, whilst in food,

beverage and tobacco, only 15% of companies were

missing values (Fig. 1a). The proportion of missing values

also varied over time; by extracting all publicly available

climate change scores dating back to 2010, we observed a

general trend towards fewer missing values in recent years

(Fig. 1b). One concern with these missing values is that

companies failing to disclose could have lower climate

scores (Dawkins and Fraas, 2011). There is no means of

detecting whether these biases are present, but we char-

acterise the distribution of scores across time and sectors

(Fig. 1; Figure S1-2).

Fig. 1 a Percentage of companies in each sector with less than two

climate leadership scores, labelled with accompanying total (with and

without missing data) number of companies (N) in the sector.

b Change in missing climate scores (%) per sector between 2010 and

2019. The black dashed line represents the average across all sectors.

c Mean (± 1 standard deviation) climate score per sector against

missing climate scores. Black line and the accompanying grey ribbon

(95% confidence intervals) represent a linear model between the mean

climate score and missing climate scores. d Each horizontal line

represents a company with an account on Twitter, and the left-point

on each line indicates the account opening date. Tweets that fell

within the last 3200 of each account were downloaded and are

indicated in blue, whilst grey indicates the period where tweets were

unavailable (missing values)
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2.1.2 Twitter data

For each of the 510 UK companies listed in the CDP, we

manually searched for their Twitter handle (profile). Some

companies had multiple handles for different aspects of

their company, and in these cases, we always selected the

account that most closely represented the UK arm of the

business. There were also some accounts where it was

uncertain if we had identified the correct Twitter handle,

and so we removed these accounts from the dataset. After

this step, we were left with 287 companies, and we

downloaded (on May 22nd 2020) each companies last 3,200

(the limit set by Twitter) tweets using the ‘rtweet’ R

package (Kearney 2017). These tweets were all in the

public domain. For some companies, the 3200 tweets

stretched beyond 2010 (over 10 years) and covered their

entire history on Twitter. Whilst for other companies,

tweets only stretched back a matter of months and missed

much of these companies’ historic tweets (Fig. 1d).

With this Twitter timeseries dataset, we identified all

tweets which contained any of the following environmental

terms: climate, temperature, global warming, sustainable,

sustainability, nature, renewable, carbon neutral, flood,

drought, desertification, ocean acidification, coral bleach-

ing, and wildfire. It is worth noting that some of these terms

are only tangential to the topic of climate change, unlike

the CDP climate score, but were specifically selected so we

could capture companies talking about the potential

impacts (e.g. wildfire) or mitigation strategies (e.g.

renewable) of climate change. Notably, environmental

terms are not strictly indicators of pro-environmental

messaging, as a company could discuss the environment as

a bad thing—e.g. ‘this push to renewables is a pointless

waste of money’—although we suspect incidences of

environmental criticism to be rare given rising environ-

mental interests (Pew Research Center 2020).

2.1.3 Stock prices

We searched for stock prices from the London Stock

Exchange for all companies with at least two years of

climate and Twitter data (N = 128) using the

‘BatchGetSymbols’ R package (Perlin 2020). Thirty-four

companies were not listed on the London Stock Exchange,

and so we removed these from the dataset. Three further

companies (Kingfisher, St James Place and Taylor Wimpey

plc) had incomplete stock histories so were also removed.

For each company, we extracted the mean adjusted closing

stock price for each year to produce an annual time series

of stock prices. The adjusted closing stock price was used,

as stock value can be influenced by dividends, stock splits,

and new stock releases (e.g. changes in stock volume),

which would be accounted for in the adjusted stock closing

price.

2.2 Models

2.2.1 Change in climate leadership

To assess how climate leadership changed over time

(Theme 2), we developed a linear mixed effect model, with

climate score as the response ranging from 1 to 8, and

included ‘years since 2010’ as a predictor. Initially, we also

included company name as a random intercept and corre-

lated-slope, nested within another random intercept and

correlated-slope of company sector (as specified by the

CDP). This random intercept and slope allows a linear

model of climate score against ‘years since 2010’ to be fit

for each company and nested-sector, and controls for

variable slopes within the hierarchical structure. However,

we opted to remove the random slope element from the

model as a simpler random intercept model had a sub-

stantially lower Akaike information criterion (intercept and

slope AIC = 6262, whilst intercept only AIC = 6165). As a

result, in our final model, companies and sectors were all fit

with the same slope but varying intercepts. The results we

present in main text represent the ‘change in climate

leadership model’ using all available data (N = 510), but in

the supplementary, we also provide identical outputs for

this model using the smaller more complete sample of data

(N = 86) used in the structural equation modelling (models

1–5 below).

Conventionally, the ordinal data behind the above

models should be handled with an ordinal model, but in

later models (see ‘Link between climate leadership, envi-

ronmental messaging, and stock prices’), this rank is

summarised into a temporal trend and an average rank,

which are both more easily interpreted when the score is

treated as a continuous number. As a result, for consistency

across this work, we treat climate leadership as a contin-

uous variable throughout. However, this does have impli-

cations for interpretation, as reclassifying our ordinal to an

integer-scale means a jump in one letter classification

jumps an integer. For example, moving from D- to D is the

equivalent of jumping from 1 to 2—a doubling. Further,

our classification assumes a company that scores an A has

eight times greater climate leadership than a company that

has scored D-. It is unclear whether this is a fair assump-

tion, and so we advise our climate leadership results to be

interpreted with caution. However, to ensure our inference

is valid, we also repeated the ‘change in climate leadership’

test with an ordinal model in the supplementary material,

referred to in the results section.

Finally, to determine which sector generally has the best

climate governance, we averaged (mean) the climate
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leadership scores across all years and companies within

each sector.

2.2.2 Change in environmental messaging

To determine the change in environmental messaging

(Theme 2), we used a logistic mixed model, with a binary

value indicating whether each tweet contained any of the

specified environmental terms. We modelled this response

against ‘years since 2010’ and included company name as a

random intercept and correlated-slope, nested within

another random intercept and correlated-slope of company

sector (as specified by the CDP), as described in the

‘change in climate leadership model’. The results we pre-

sent in the main text represent the ‘change in environ-

mental messaging model’ using all available data

(N = 287), but in the supplementary, we also provide

identical outputs for this model using the smaller more

complete sample of data (N = 86) used in the structural

equation modelling (models 1–5 below).

As an accompaniment to the environmental messaging

model, we also characterised the overall word use, identi-

fying the 150 most used words across UK companies’

Twitter profiles (see Table S1). As part of this, we removed

all punctuation and numbers (Johnson et al. 2021b), and

then stemmed words (e.g. ‘consulting’ and ‘consultation’

would both become ‘consult’). Finally, we removed all

stop words (e.g. common words like ‘the’ and ‘a’) specified

by the ‘tm’ R package (Feinerer and Hornik 2019).

2.2.3 Link between climate leadership, environmental

messaging, and stock prices

For each company, in each of the last 10 years

(2010–2019), we derived the mean climate leadership

score, percentage of environmental tweets, and the mean

adjusted closing stock price. We averaged the finer tem-

poral resolution tweet and stock data to an annual value to

match with the temporal extent of the climate leadership

score. This averaging allows us to detect broad-scale pat-

terns but is unsuitable for exploring the variation around

fine-scale volatility. After averaging, we removed all years

with any missing values, and all companies which had less

than two years of complete data. In the remaining com-

panies (N = 86), we derived six variables—see Table 1.

We also extracted the number of Twitter followers for each

company, to act as a proxy for how public-facing a com-

pany is, i.e. is this company reliant on a good relationship

with the public for sales.

We developed five linear mixed-effect models within a

piecewise structural equation framework to explore climate

leadership, environmental messaging, and stock prices. We

present simplified equations for all five models below,

where y is the response, a is the intercept, b is the fixed

effect coefficient for a variable contained within brackets,

l is the random intercept term nesting companies within

sectors (controlling for sector-specific variation), and e is

the error term of a Gaussian linear model:

Model 1

y� aþ b1 Followersð Þijþlj þ eij

In Model 1, we assess if more public-facing companies

have higher climate leadership scores by regressing the

climate leadership score (response) against a company’s

number of Twitter followers.

Model 2

y� a
þ b1 Followersð Þijþb2 Climate leadership scoreð Þijþlj
þ eij

In Model 2, we search for the presence of greenwashing

by comparing how a company’s environmental messaging

Table 1 Variables and their accompanying description used within the structural equation modelling

Variable Description

Climate leadership score Mean climate leadership score of a company across all available years. This averaging is over the numeric

representation of the scores where A is high (8) and D- is low (1)

Annual change in climate

leadership score

Slope coefficient from a log-linear regression of the annual numeric climate leadership score against year

Annual change in environmental

messaging

Slope coefficient from a log-linear regression of annual environmental messaging (%) against year

Greenwashing index Residuals from a linear model with environmental messaging as the response and climate score as the

predictor

Environmental messaging Mean environmental messaging (%) across all available years

Annual change in Stock prices Slope coefficient from a log-linear regression of adjusted closing stock prices against year

Followers A company’s number of followers on Twitter (as of May 22nd 2020), acting as a proxy for how public-facing

a company is

Each variable is the company level
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is related to their climate leadership score, specifically,

regressing environmental messaging (response) against

climate leadership score. To observe strong evidence of

greenwashing across UK companies, we would expect to

observe no association between environmental messaging

and climate leadership scores, whereas a positive associa-

tion would indicate environmental messaging is greater in

companies with higher climate leadership (relates to

Theme 3—see above). Within model 2, we also control for

Twitter followers, as we may expect more public-facing

companies to promote environmental messaging more

regularly.

Model 3

y� a
þ b1 Followersð Þijþb2 Climate leadership scoreð Þijþlj
þ eij

In Model 3, we investigate how the rate of growth in

climate leadership is influenced by how public-facing a

company is, regressing change in climate leadership score

(response) against number of followers, whilst controlling

for the mean climate leadership score which could con-

found this result. We would expect more public-facing

companies to exhibit a faster growth in climate leadership.

Model 4

y� aþ b1 Followersð Þijþb2 Climate leadership scoreð Þij
b3 Environmental messagingð Þij
þ b4 Annual change in climate leadership scoreð Þij
þ lj þ eij

In Model 4, we asses if the rate of change on environ-

mental messaging is associated with the rate of change in

climate leadership, where we would expect companies with

a faster push towards high climate leadership to also have a

faster increase in their environmental messaging. Specifi-

cally, we regressed change in environmental messaging

(response) against change in climate leadership, controlling

for mean climate leadership and mean environmental

messaging—both possible confounders. We also included

number of followers as a predictor in this model, as we

may expect more public-facing companies to have a faster

growth in environmental messaging.

Model 5

y� aþ b1 Greenwashing indexð Þij
þ b2 Annual change in environmental messagingð Þij

þ b3 Annual change in climate leadership scoreð Þijþlj þ eij

In Model 5, we assess the implications of a change in

climate leadership, change in environmental messaging,

and greenwashing, all on a company’s stock performance,

where we expect an increase in climate leadership and

environmental messaging offers potential financial gain (El

Zein et al. 2020). However, the implications of green-

washing on stock performance are likely complex (refer to

Theme 4—see above), with greenwashing offering the

potential for accelerated growth, alongside public relations

backlash. We explore these questions by regressing the

change in a companies’ stock prices (response) against the

change in climate leadership score, change in environ-

mental messaging, and the greenwashing index.

To meet model assumptions of normal residuals across

the five models, we added 0.1% to mean environmental

messaging in model 2 and then log transformed (base 10)

the variable, dealing with companies that never produced

an environmental tweet; we present the back-transformed

values in marginal effects plots within the results. The only

model assumption we failed to meet was within model 3,

where the variance of the residuals was heterogenous as

companies with high climate leadership scores had a lower

change in their scores. This heterogeneous error is captured

in the marginal effect plots.

3 Results

3.1 Change in climate leadership

In the UK, climate leadership has increased since 2010

(coef: 0.14, CI 0.12–0.16, N = 510, Fig. 2a), with com-

panies improving by a grade (e.g. B to A-) every 7.1 years,

on average. These results are largely mirrored when the

model was re-ran on the smaller more complete fragment

of data used in the structural equation modelling, where a

grade increased every 6.25 years (coef: 0.16, CI 0.13–0.19,

N = 86). Further, modelling change in climate leadership

within an ordinal model also showed a general trend

towards increasing scores over time (Fig. S3). Despite clear

evidence of an increasing trend, not all of the 510 com-

panies showed an increase, with a stable climate leadership

in 8.7% of companies, and declining leadership in 29.3%.

All sectors had a comparable growth in climate leadership

(evidenced by the improved fit of removing random

slopes—see Research methodology), but highly variable

intercepts (R2 marginal: 0.04, R2 conditional: 0.55), indicating

sectors have started climate leadership growth from dif-

ferent positions. When averaging climate leadership across

sectors, electric utilities came out as the best performing,

whilst construction was the worst performing (Table 2).
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3.2 Change in environmental messaging

Only one word broadly related to the environment (‘sus-

tain’) was found in the 150 most used words across all

tweets (Fig. 2b), which underlines the rarity of these

environmental messages (Fig. 2c). However, environmen-

tal messaging did increase over time, both within the 510

sample of companies (coef: 0.35, CI 0.19–0.50, R2marginal:

0.07, R2conditional: 0.53), and in the smaller 86 sample (coef:

0.38, CI 0.28–0.48, R2marginal: 0.09, R2conditional: 0.43). This

growth was from a position of almost no environmental

messaging, where on average across all 510 UK compa-

nies, the probability of tweets containing an environmental

term was less than 0.001 in 2010, increasing to 0.03 in

2019. However, this growth was highly variable across

sectors, with the slowest growth in construction, and fastest

growth in electric utilities (Table 2). Paper & forestry was

the sector with the most environmental messaging across

companies and years.

3.3 Link between climate leadership, environmental

messaging, and stock prices

In Model 1 of the piecewise structural equation model (see

Table 3 and Fig. 3), we observed a positive association

between number of followers and climate leadership, with

a good model fit primarily driven the fixed effect of fol-

lowers (high marginal R2). In model 2, number of followers

was not associated with environmental messaging, but we

did observe a positive association between climate

Fig. 2 a Each light grey line represents a company (with two or more

climate leadership scores) and shows the change in climate leadership

scores over time through a linear regression. The black line and

accompanying grey ribbon (95% confidence intervals) indicate the

average change in climate leadership scores across all companies. For

the outputs of an equivalent model, but with an ordinal instead of a

continuous response, see the supplementary material. b 150 most used

words across all tweets and years (after removing stop words, e.g.

‘the’), with terms broadly related to the environment indicated in bold

dark-green (see ‘sustain’). Word size is proportionate to frequency.

c Each light grey line represents a company and shows the change in

environmental messaging over time through a logistic regression. The

black line and accompanying grey ribbon (95% confidence intervals)

indicate the change in environmental messaging across all companies
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leadership and environmental messaging, albeit with a

moderate model fit. In model 3, neither number of fol-

lowers nor climate leadership were associated with the

change in climate leadership, with a poor model fit. In

model 4, the only important covariate was environmental

messaging, where companies with more environmental

messaging have shown a greater growth in messaging. This

effect was not linear, with a strong clustering in the

data (Fig. 3c). Whilst model 4 had a good fit, with a con-

ditional R2 of 0.6, this fit was driven by controlling for

sector-specific intercepts, as the marginal R2 was low. In

model 5, none of the covariates had an effect on stock

prices, but the model had a good fit, again driven by sector-

specific intercepts.

Table 2 CDP sector summaries, with columns from left to right

describing: sector name; the mean climate leadership score across all

companies and years within each sector, with the standard deviation

in brackets and N represents the number of CDP scores within the

sector; the proportion of tweets containing environmental messaging

terms across all companies and years within each sector, with the

standard deviation in brackets and N represents the number of tweets

within the sector; and finally, the annual rate of change in

environmental messaging in each sector, derived from the random

slopes in the ‘Change in environmental messaging’ model

Sector Climate leadership Environmental messaging—mean Environmental messaging—rate of change

Electric utilities 7.7 (1.1); N = 30 0.04 (0.20); N = 8469 0.66

Coal 7.1 (1.5); N = 11 0.04 (0.18); N = 2470 0.36

Paper & forestry 6.6 (1.7); N = 19 0.11 (0.31); N = 2656 0.48

Food, beverage & tobacco 6.2 (2.1); N = 90 0.05 (0.22); N = 10,407 0.27

Transport services 6.2 (1.4); N = 55 0.01 (0.10); N = 15,661 0.34

Agricultural commodities 6.0 (1.4); N = 2 0.04 (0.20); N = 2000 0.22

General 5.8 (1.7); N = 1370 0.01 (0.12); N = 350,882 0.28

Chemicals 5.7 (1.7); N = 35 0.02 (0.15); N = 1663 0.47

Metals & mining 5.5 (1.5); N = 59 0.03 (0.18); N = 6367 0.21

Oil & gas 4.8 (1.6); N = 47 0.05 (0.22); N = 4566 0.37

Construction 4.0 (1.2); N = 4 0.02 (0.14); N = 3527 0.18

Table 3 Structures and outputs

from the piecewise structural

equation models

Models coef 95% CI R2m R2c

1. Climate leadership scoreij * 0.36 0.42

b1 Followersij 1.12 0.82, 1.46

2. Environmental messagingij * 0.13 0.15

b1 Followersij - 0.07 - 0.24, 0.10

b2 Climate leadership scoreij 0.16 0.07, 0.26

3. Change in climate leadership scoreij * 0.06 0.06

b1 Followersij - 1.21 - 3.80, 1.35

b2 Climate leadership scoreij - 0.92 - 2.29, 0.64

4. Change in environmental messagingij * 0.07 0.60

b1 Followersij ? - 2.25 - 15.7, 9.52

b2 Climate leadership scoreij ? 2.02 - 5.41, 9.33

b3 Environmental messagingij ? 22.7 9.15, 38.0

b4 Annual change in climate leadership scoreij 0.19 - 0.72, 1.27

5. Change in stock priceij * 0.02 0.50

b1Greenashing indexij - 0.20 - 1.33, 0.93

b2 Annual change in climate leadership scoreij 0.07 - 0.39, 0.52

b3 Annual change in environmental messagingij - 0.06 - 0.16, 0.02

The predictors of the five models are indented, and we do not show the intercept (b0), random intercept

(Sectori), or Gaussian error terms (errorij) in the models. For each predictor, we show the slope coefficient

(coef) and 95% confidence intervals (95% CI), which were derived from 1000 bootstrap simulations.

Predictors with an effect at the 95% confidence interval are depicted in bold. For each model, we report the

marginal (R2m) and conditional (R2c) r-squared
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4 Discussion

We explored how climate leadership and environmental

messaging on Twitter have changed across UK companies

and assessed if environmental messaging is simply a form

of greenwashing to attract consumers under the guise of

environmentally friendly practices. We found evidence that

climate leadership and environmental messaging have

increased in the last 10 years (Fig. 2) and found that

companies with a larger number of followers had higher

climate leadership, but followers had no effect on envi-

ronmental messaging (Fig. 3). This is partly encouraging,

as more public-facing companies (those with more

followers) appear to be truly embracing climate leadership

instead of simply increasing environmental messaging to

appease their consumers. The downside to this is that

generally, less public-facing companies have a lower cli-

mate leadership. In contrast, growth in environmental

messaging was greater in companies that already had a

high mean environmental messaging. There was no rela-

tionship between the change in environmental messaging

and change in climate leadership. However, we did find a

positive relationship between mean climate leadership and

environmental messaging, suggesting companies are pro-

moting their climate leadership performance fairly on

Twitter (at least relative to one another). Although there are

Fig. 3 Piecewise structural equation model describing effect of

predictors (base of arrows) on responses (tips of arrows). Black

arrows indicate a significant effect, whilst grey arrows indicate no

effect, both at the 95% confidence interval-level. Refer to Table 3 for

effect sizes. a–c Describe the marginal effects and 95% confidence

intervals of significant effects in the structural equation model, with

all other variables held at their mean. The points in a–c are the raw

values
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some exceptions here, as some companies still regularly

release environmental messages despite having low climate

leadership.

In general, environmental messaging on Twitter was

greater in companies with higher climate leadership scores,

suggesting that companies are promoting genuine efforts to

be more environmentally sustainable—not simply green-

washing. These findings largely agree with a case study on

Australian companies, where no greenwashing was detec-

ted in companies showing improved environmental per-

formance; although ‘potential greenwashing’ was present

amongst bad environmental performers (Wedari et al.

2021). Furthermore, as the number of followers had no

effect on environmental messaging, but did positively

impact climate leadership, it appears that public-facing

companies are truly embracing pro-environment beha-

viours, instead of just pandering to their many followers.

However, the fixed effects only contributed a relatively

small amount to the model fit (low marginal R2) and some

companies far exceeded their expected environmental

messaging, i.e. low climate leadership but high environ-

mental messaging. In these cases, it may be reasonable to

suggest these companies are over promoting their actions

through greenwashing—again agreeing with (Wedari et al.

2021). However, deviating from the environmental mes-

saging-climate leadership trend does not automatically

imply the company is trying to deceive. In fact, the low

overall probability of companies releasing an environ-

mental message possibly suggests that most companies are

under-promoting their work on Twitter. As a result, this

environmental messaging-climate leadership trend is

valuable for assessing whether companies are generally

promoting their environmental actions proportionately to

their climate leadership. However, this analysis is unfit for

determining what degree of messaging is generally pro-

portionate and acceptable, which is why we have made no

effort to highlight companies which may be under- or over-

reporting environmental messages. It is also worth noting,

this model exhibited substantial sector-specific variation

(high conditional R2), and what may be perfectly adequate

environmental messaging in one sector, could be over- or

under-promoting in another.

Climate leadership has increased across UK companies,

which is encouraging, but not surprising given companies

have already stressed willingness to adopt to more envi-

ronmentally sustainable practices (Allen and Craig 2016).

However, with the immediate threat of climate change

(IPCC 2014), it is unclear whether the rate of growth in

climate leadership is sufficient. For example, on average,

companies only increased their climate score by one point

every 7 years, suggesting at the current rate, it would take

approximately 50 years to move from the lowest score

(climate disclosure) to the highest score (climate

leadership). There is already extensive guidance to support

companies trying to embrace sustainability (Aggarwal and

Dow 2012; Begg et al. 2018; Hoffman 2007; Ihlen 2009;

Sussman and Freed 2008), as well as policy and investment

tools like green finance (Leitao et al. 2021), but if the

available guidance and tools have only supported the slow

observed increase in climate leadership, they may not be

sufficient (Ekwurzel et al. 2017). Future work could

explore what mechanisms limit this growth in climate

mitigation performance.

With increasing public interest in environmental issues

(Leiserowitz et al. 2018; Pew Research Center, 2020), it is

not surprising to see that companies have increased their

environmental messaging on Twitter between 2010 and

2019. However, despite the increase, these environmental

messages were still infrequent, where the average proba-

bility of a tweet containing an environmental term in 2019

was 0.03, and only one term broadly related to the envi-

ronment (‘sustain’) occurred in the 150 most used words.

This low frequency of environmental messages was

unexpected given environmental issues rank amongst the

most important of consumer concerns (Pew Research

Center, 2020). Whether this low frequency of environ-

mental messaging is proportionate to public environmental

messaging remains unclear, but regardless, the scarcity of

environmental messages suggests that companies are pri-

oritising other themes and more foundational work could

characterise the language use and topics discussed by these

companies. Furthermore, given the low frequency of

environmental messages, it is plausible that there is room

for companies to further promote their pro-environmental

actions.

We expected increasing climate leadership would lead

to stock price growth, as more of the market share is being

captured by green companies (Kronthal-Sacco and Whelan,

2021), and greener companies are expected to perform

better economically (El Zein et al. 2020; Zhang et al.

2019). However, in our study, change in climate leadership

had no effect on stock growth, which suggests that a

company’s financial performance and worth are not asso-

ciated with their willingness to embrace climate change

mitigation actions. Further, stock growth was also not

affected by change in environmental messaging, or our

greenwashing index. All of this considered, we find no

evidence at a macro-scale that the impact of mitigating

climate change, promoting environmental actions, and

representing those actions fairly has a negative or positive

effect on a company’s financial growth.

4.1 Limitations and future work

A potential limitation with this work is that our main

variables (climate leadership and environmental
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messaging) may be inadequate proxies. We used climate

leadership as a proxy to describe companies climate per-

formance, i.e. emissions and attempts to reduce carbon

pollution. Whilst these emissions features are captured

within the CDP climate leadership score, it is unclear

whether the score is completely fair, and what a fair score

would look like. For example, one very large energy

company was granted a high score in 2019 (B: Climate

management) despite being one of the ten largest carbon

emitting companies and releasing nearly 2% of the world’s

greenhouse gases (Ekwurzel et al. 2017). Should these

extreme-emitters be granted high-scores? Should compa-

nies be rewarded with a high score for simply making

efforts to mitigate carbon emissions, even if their mitiga-

tion had a negligible impact when considering their overall

emissions? These are important dilemmas to address when

designing climate change mitigation metrics if consumers

are to make informed decisions. A further potential issue

with the CDP scores, and in particular, our finding of cli-

mate leadership growth through time, is that CDP scores

are derived from companies self-reporting their actions.

This risks that any observed growth in climate leadership

could simply be driven by companies refining the way they

report themselves, albeit this is purely speculation and is

unfounded.

A further limitation in our climate leadership model is

the clash between constrained response data—from 1 (D-)

to 8 (A)—and the non-constrained Gaussian distribution

we fit the data with. This risks our predictions exceeding

the natural range of the data and potentially not capturing a

plateau in the climate leadership growth. To capture this

relationship more accurately, it would be necessary to fit a

censored-normal or beta distribution on the response and

repeat the modelling, but this was undesirable in our case

as these distributions are either unavailable (censored-

normal) in common R packages or would alter important

interpretation (beta) in later models, i.e. the beta coefficient

could not be interpreted as a log-linear annual rate of

change, which was important in Model 1–5. As such, we

felt the trade-off in consistent interpretation outweighed

capturing a potential plateau in climate leadership growth.

For environmental messaging, we would expect a

brand’s image to be mainly derived from traditional paid

adverts and not corporate twitter accounts. This presents an

issue, where there could be discrepancy between the

company’s climate leadership, the brand image consumers

rely on, and a company’s Twitter posts (our environmental

messaging variable). A qualitative analysis to understand

similarities and differences between these three compo-

nents would be valuable.

An important limitation of this work is the challenge of

modelling ordinal CDP climate scores. In our work, we

converted the ordinal scores into integers, whereby high

scores were given high values and low scores low values,

e.g. A: 8 and D-: 1. We are not the first to utilise this

conversion approach (Guo et al. 2020), but given the

potential issues and substantial assumptions, it is important

to stress caution around interpretation of our results. The

CDP scores are an important resource for monitoring

environmental governance, but to really harness the

impressive CDP dataset, its pivotal that analytical frame-

works are established to make inference robust and

representative.

A further limitation in this work is the high abundance

of missing values in the climate leadership and environ-

mental messaging data, and the risk that these values are

missing with a bias (Johnson et al. 2021a; Little and Rubin,

2002). For environmental messaging, a potential bias could

be that companies with more tweets (and in turn more

incomplete data), are more active on social platforms, have

more engaged followers, so will be more in touch with

consumer concerns (e.g. the environment). As a result, with

more complete data, we may expect a positive relationship

between followers and environmental messaging, as well

as followers and change in environmental messaging.

However, the climate leadership missing data bias may be

even more critical, where companies failing to disclose

their climate performance may have a lower climate

leadership and less growth in their climate leadership—

there is already evidence of this bias in corporate climate

change disclosure data (Dawkins and Fraas, 2011). The

impacts of these biases on the inferences in our study are

unclear, and so our results should be interpreted cautiously

and considered alongside the rest of the literature. To

address these biases going forward, it is important to fur-

ther encourage companies to embrace climate change dis-

closure, improving our understanding of how climate

performance is changing on a larger scale. Further, and

perhaps more importantly, as companies’ social responsi-

bility improves with reporting (Luo and Tang, 2014),

wholesale uptake of reporting, and a more a general shift

towards increased transparency could have substantial

benefits for mitigating carbon emissions. Companies

themselves may also benefit from increased reporting with

evidence suggesting that engaging in the CDP is associated

with improved financial performance (Alsaifi et al. 2020),

although the mechanisms behind this association are

unclear.

An exciting area for future work could be to explore the

role of temporal correlations and lags between our three

main data sources: climate leadership, environmental

messaging, and stock performance. Within our work, we

coarsened our variables down to annual metrics, but in

future work, there is the possibility to explore volatility at a

fine temporal resolution.
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4.2 Concluding remarks

The growth in climate leadership is encouraging and sug-

gests that UK companies are eager to mitigate their carbon

outputs. However, the current rate of growth could be

insufficient, and calls from companies for policymakers to

provide clear guidance on mitigation steps remain essential

(Allen and Craig, 2016). Similarly, the growth in envi-

ronmental messaging shows that companies are aware of

the public’s desire for more sustainable products, and

encouragingly, we found evidence that environmental

messaging is generally aligned with climate leadership

performance, i.e. there is no clear widescale evidence of

using Twitter to greenwash in the studied UK companies.

However, that is not to say that the practice of green-

washing does not occur within some UK companies and

emphasises the need for better metrics to understand the

climate impacts of companies. This would allow con-

sumers to make more informed choices about which

businesses they patronise, potentially driving companies to

further implement environmental changes.
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