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A well-documented consequence of global warming is increased psychological distress and climate 
anxiety, but data gaps limit action. While climate anxiety garners attention, its expression in therapy 
remains unexplored. Natural language processing (NLP) models can identify climate discussions 
in therapy, aiding therapists and informing training. This study analyzed 32,542 therapy sessions 
provided by 849 therapists to 7,916 clients in U.S. behavioral health programs between July 2020 and 
December 2022, yielding 1,722,273 labeled therapist-client micro-dialogues. Climate- and weather-
related topics constituted a mere 0.3% of the sessions. Clients exhibiting higher levels of depressive or 
anxiety symptoms were less likely to discuss weather and climate compared to those with mild or no 
symptoms. Findings suggest that although global warming is known to impact mental health, these 
issues are not yet adequately addressed in psychotherapy. This study suggests a potential gap between 
the documented mental health concerns associated with climate change and their representation 
in psychotherapy. NLP models can provide valuable feedback to therapists and assist in identifying 
key moments and conversational topics to inform training and improve the effectiveness of therapy 
sessions.
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Climate change is an immediate and growing global hazard. In addition to the threat to rising sea levels, ecosystem 
collapse, and more frequent and severe weather events, a wide range of mental health consequences has been 
linked with global warming and the climate crisis1,2. A recent meta-analysis found that although the effect sizes 
varied greatly between studies and not all were statistically significant, exposure to climate events, pollution, 
and fewer green spaces was related to an increased prevalence of post-traumatic stress disorder, depression, and 
anxiety symptoms as well as higher risk of suicide and autistic spectrum disorders (the latter following prenatal 
exposure)3. Negative psychological experiences such as fear, anger, despair, and grief have been linked to climate-
related events, and these consequently lead to long-term increases in psychological discomfort, hospitalizations, 
and suicide rates4. Additionally, a recent global survey discovered that over 45% of young people claim that their 
daily functioning is hampered by emotions associated with the climate crisis5.

As the effects of climate change worsen, there have been growing concerns about climate anxiety, also known 
as eco-anxiety or climate distress6–8. Climate anxiety is defined as the anxiety stemming from the global climate 
crisis and the looming threat of environmental disaster9. The term “ecological grief ” was also proposed to 
describe the sadness created by the realization of the anticipated or actual loss of ecosystems, landscapes, species, 
and ways of life10,11. The early research in this area has focused on how to handle acute trauma associated with 
climate-related disasters like the aftermath of Hurricane Katrina and forewarns of the growth in chronic stress 
associated with climate change leading to a range of disorders12. More recent studies have examined the negative 
impacts of climate change on psychological well-being, physical and mental health, and social relationships at 
large4,13–15. In a 2021 study, 54.7% of respondents reported experiencing eco-anxiety “some of the time” and 
11.1% experienced it often or always16. Nevertheless, there exists variation in how climate anxiety is perceived and 
defined in the literature, ranging from a rational reaction to an existential threat to a psychological disorder17,18.

In recent years, professional organizations within the fields of psychology and behavioral health have 
recognized the importance of addressing the impact of climate change on their members and the populations they 
serve. Notable organizations such as the American Psychological Association, Society for Behavioral Medicine, 
and Academy for Eating Disorders are among the organizations that have established task forces and webinar 
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series aimed at raising awareness and educating professionals on the effects of global warming19–23. Scholars 
also proposed that health providers should take an active role in advocating for climate-aware policies and 
educating therapists and clients on the potential consequences of global warming on their mental health7,12,24. 
The literature suggests that environmental difficulties were likely to be expressed more in treatment25, and more 
than 70% of therapists surveyed in a study believed that climate change was relevant to their work, but half felt 
they had not received sufficient training on how to address relevant issues in therapy26,27.

While these efforts demonstrate a growing recognition of the intersection between climate change and 
mental health, the extent to which climate-related distress is explicitly discussed in psychotherapy sessions 
remains largely unexplored. Despite the claims and initiatives made by professional organizations, there is a 
lack of empirical data on the actual prevalence and discussion of climate anxiety in therapy. In one qualitative 
study, 10 Swedish adults, recruited from climate or environmentally-related social media groups and who were 
living in a large urban area, were interviewed about their climate distress experience. Some participants of the 
10 interviewed (the researchers did not indicate how many) mentioned climate anxiety as the primary driving 
factor for seeking psychotherapy, while others stated this was one reason for therapy, which they had perceived 
as exacerbating other concerns28. In another qualitative study, 8 Australian therapists (practicing in urban, 
suburban, and rural areas) who had expressed concerns about climate change indicated that some of their clients 
had raised the climate crisis in their therapy sessions29. Recent reviews and case reports suggest a number of 
interventions for eco-anxiety and climate anxiety30–32. Taken together, these studies highlight the need for data-
driven, professional guidelines on how clients discuss these issues in psychotherapy and how to best support 
those experiencing climate anxiety.

The present study aimed to bridge the gap between the growing concern over climate anxiety in the general 
public and the paucity of data on whether related concerns are raised and/or addressed in therapy sessions. 
Specifically, we investigated the frequency and extent of climate discussions in real-world therapy sessions, 
utilizing a large, geographically diverse dataset of treatments conducted in the U.S. We hypothesized that climate 
discussions will constitute less than 5% of the topics discussed. However, we also expected that the extent to which 
climate is mentioned would increase over time, as greater awareness of global warming has been documented.

Methods
Dataset description
This dataset comprised therapy sessions delivered by mental health providers (e.g., psychologists, social workers, 
and counselors) in behavioral therapy programs across the U.S. with the support of the Eleos Health AI platform 
described below. Use of the program required receiving client and provider informed consent prior to using 
the system. Ethics approval to analyze and report deidentified data was obtained by the Sterling Institutional 
Review Board (protocol #9545), and all research was performed in accordance with relevant guidelines and 
regulations. The dataset comprised treatment sessions provided from July 1, 2020 to December 31, 2022. The 
dataset includes 32,542 sessions delivered by 849 therapists to 7,916 clients in 23 behavioral health programs 
located in the following 12 states: Arizona, California, Colorado, Florida, Georgia, Illinois, Massachusetts, 
Maryland, Missouri, New York, Ohio, and Pennsylvania. Average session length was 58 min. The dataset al.so 
included depression (Patient Health Questionnaire [PHQ-9])33) and anxiety (Generalized Anxiety Disorder-7 
[GAD-7]34) responses collected from clients every other week as well as the session’s progress note. Figure 1 
illustrates the study’s design.

The eleos health platform
All 32,542 therapy sessions were delivered by mental health providers with the support of the Eleos Health 
artificial intelligence (AI) platform. The Eleos Health platform is a secure and HIPAA-compliant tool designed 
specifically for behavioral health35. Therapists delivered the sessions using the platform, which captures and 
analyzes the therapist and patient’s utterances during the treatment session. The platform includes an AI-based 
clinical decision-making support system and automates administrative tasks. The measurement-based care 
(MBC) component of the platform uses standardized assessment scales completed by clients to summarize and 
graph data immediately for the therapist’s use during therapy and for sharing with the patient. The session 
data and MBC insights are also used to generate a progress note draft for the therapist, which can be edited 
and submitted as needed. In most organizations, the platform was integrated with the electronic health record 
(EHR) which allowed a seamless submission of the progress note into the client’s digital record36. This study was 
conducted in concert with the STROBE Checklist37.

Data Processing
The sessions were transcribed using an automatic speech recognition system (ASR), provided by Amazon Web 
Services and further trained by a team of clinicians, as detailed in a previous publication35. On a session level, 
our ASR system achieved a 98% accuracy in distinguishing between speakers during therapy sessions. Amazon 
reports that their Word Error Rate (WER), a common metric used to evaluate the accuracy of speech recognition 
systems, is 11.2%38.

We employed a custom machine learning (ML) model for speaker diarization to distinguish between clinician 
and client utterances within each therapy session, as detailed in previous work35. Given the unstructured nature 
of session transcripts, we developed a treatment-specific diarization model tailored to therapy sessions. To build 
this model, a team of trained graduate-level clinicians annotated 2,500 therapy sessions, manually labeling each 
speaker as either ‘client’ or ‘therapist.’ This labeled dataset was then used to train the diarization model, which 
analyzes the full transcribed session and assigns speaker labels accordingly. For the classification algorithm, 
we used logistic regression with binary cross-entropy loss, optimizing the model through stochastic gradient 
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descent. Our in-house solution achieved 98% accuracy in differentiating between speakers in therapy sessions, 
demonstrating high reliability for this task35.

Next, each session’s transcription was divided into smaller, meaningful parts of the conversation, referred to 
as “micro-dialogues”. Every micro-dialogue included both therapist and client utterances, typically comprising 
about 300 words, and focused on a specific topic, e.g. depression, marital relationship, substance use relapse 
prevention, or boundary setting39. Each micro-dialogue was treated as a distinct unit and analyzed using natural 

Fig. 1.  Summary of the study method.
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language processing techniques to extract relevant information and insights. The dataset used in this study 
included 1,722,273 micro-dialogues.

To extract the primary discussion topics from each micro-dialogue, we employed a BART (Bidirectional 
and Auto-Regressive Transformers) model40. A team of clinicians then reviewed the micro-dialogues from 
1,500 behavioral health treatment session recordings and their summaries, and refined the summaries for each 
micro-dialogue. Using these expert-generated summaries, the BART model was fine-tuned to summarize the 
key discussion points in micro-dialogues accurately. Following this training, the model demonstrated the ability 
to generate concise and coherent summaries that effectively captured the core elements of the conversations. To 
validate the accuracy of these AI-generated summaries, we conducted a review involving eight therapists with 
advanced training in clinical psychology or social work. These clinicians evaluated 1,144 summaries, rating 
them as highly coherent (85.0%), clinically relevant (89.2%), and comprehensive (78.4%)41. This method is 
consistent with previously published research on testing ambient AI models in community-based behavioral 
health clinicse39,42.

Classifying climate- and weather-related terms
To accurately detect micro-dialogues related to climate and weather, we started by creating a broad dictionary of 
words that may be associated with these topics. We used our proprietary word2vec model41, which was trained 
on Eleos’ in-house data, to expand the dictionary. The dataset used for training consisted of 17,607 de-identified 
behavioral treatment sessions conducted by 322 therapists and delivered to 3,519 patients across 37 behavioral 
health care programs in the United States35. These sessions included a wide variety of therapeutic modalities 
and clinical presentations, ensuring broad applicability of the model to real-world therapy contexts and 
conversations one may have with their therapist. Along with session transcripts, the dataset al.so incorporated 
associated progress notes from clients’ EHR. All personal health information was fully de-identified to protect 
client confidentiality, in accordance with HIPAA guidelines. The inclusion of both session dialogues and clinical 
notes allowed the model to capture a rich semantic understanding of clinical conversations, which was crucial 
for expanding the dictionary to include terms relevant to weather, climate, and related emotional discussions43. 
This dataset represents a diverse range of behavioral health conditions and interventions, contributing to the 
robustness of the word2vec model. The model was trained using the Continuous Bag of Words architecture, 
where a five-word window was used to predict the central word. The vocabulary was expanded by querying 
the top 10 semantically related words to each item in our base dictionary, using cosine similarity to measure 
closeness between word vectors. For instance, the term ‘climate’ expanded to include related terms such as 
‘environment’, ‘global warming’, and ‘greenhouse gasses’. The expanded dictionary was further refined by clinical 
experts to ensure relevance. We chose a permissive approach to weather and climate discussions to create a larger 
dataset that would allow us to later discard non-related sentences. This dictionary included 425 terms (detailed 
in Fig. 2).

Next, We fine-tuned the pre-trained BART model, originally designed for text summarization, to function as 
a sequence classifier using the Transformers library. To accomplish this, we added a linear classification layer on 
top of the model’s pooled output, allowing it to map encoded representations of dialogues to class probabilities42. 
A preliminary review of the micro-dialogues indicated that weather-related terms were often used either as 
part of mindfulness exercises (e.g., “Imagine placing each thought on a cloud and letting it float away”) or 
metaphorically to describe emotions (e.g., “I felt flooded with anger”). To train the classification model, two 
therapists annotated 534 micro-dialogues, labeling whether each dialogue contained climate/weather-related 
content. The inter-rater reliability for this annotation task, measured using Cohen’s Kappa, was 0.77, indicating 
substantial agreement. The fine-tuning process involved supervised learning using these therapist-labeled 
dialogues. The model was optimized using binary cross-entropy loss and stochastic gradient descent44. The 

Fig. 2.  Weather and climate-related words.
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classification model demonstrated solid performance on the test set, achieving precision, recall, and an F1 score 
of 0.84, effectively distinguishing weather-related terms used in literal versus metaphorical contexts.

To classify the 1,722,273 micro-dialogues, we first used the broad dictionary to filter out micro-dialogues 
where clients did not mention climate/weather at all. This procedure ruled out about 90% of the sessions’ content. 
We then ran the transformer-based model on the remaining micro-dialogues to create a dataset consisting only 
of session segments with climate/weather discussions. We did not include micro-dialogues from the first and last 
5 min of the session to minimize the chance that the weather was mentioned as part of a small talk.

Data analysis plan
In order to contextualize the frequency of discussions on various topics in therapy, we calculated the percentages 
for the top 5 most frequently discussed topics overall. To gain insights into the temporal dynamics of these 
topics, we also examined the proportion of therapy sessions that incorporated the 5 most discussed topics for 
each quarter spanning from Q3 2020 to Q4 2022. These analyses were carried out on a random sample of 3,246 
therapy sessions from all behavioral programs in our dataset, comprising 10% of the overall sample. Next, 
to determine how frequently climate/weather was mentioned by clients during psychotherapy, we computed 
the proportion of therapy sessions and progress notes that included climate/weather topics for each quarter 
between Q3 2020 and Q4 2022 both across the U.S. and in different regions of the country. These analyses were 
conducted on the entire dataset, i.e. 32,542 therapy sessions. To further understand the content of the sessions, 
we distinguished between micro-dialogues discussing climate change explicitly and those addressing the 
weather. Additionally, to identify any increase in the mention of weather and climate topics in therapy sessions 
over time, we analyzed the frequency of these terms as treatment advanced, from session 1 to session 20. We 
also conducted an enrichment analysis to identify discussion topics that were over-represented among clients 
who engaged in conversations about weather or climate issues, compared to those who did not mention these 
topics. This analysis allowed us to determine which specific topics were disproportionately discussed by clients 
concerned with climate-related issues. The visual representation of each topic in the analysis is a function of its 
frequency, with larger dots indicating higher frequency of discussion45. This approach provides insights into the 
thematic connections between climate-related discussions and other therapeutic topics, thereby highlighting 
potential areas of focus for therapists working with clients experiencing climate anxiety. Finally, to examine the 
prevalence of climate\weather discussions among specific client groups, we used independent samples t-tests to 
compare the frequency of mentioning climate or weather in therapy between clients with moderate, moderate-
severe, or severe baseline depression and anxiety and those with mild or no symptoms. This analysis included 
the entire sample, comparing clients who mentioned climate\weather terms to those who did not, to understand 
the differences in discussion patterns based on symptom severity.

Results
The percentage of weather/climate discussions over time
Of the 32,542 sessions and the 1,722,273 micro-dialogues provided with the support of the Eleos Health platform 
from July 1, 2020 to December 31, 2022, climate/weather discussions constituted 0.32–0.7% of the micro-
dialogues across the U.S. (see Fig. 3). Overall, weather/climate were mentioned by clients at least once in 5,414 
sessions (16.6%). Micro-dialogues directly related to climate change or global warming were mentioned in 110 
sessions (0.3%). Additionally, analysis of the deidentified progress notes found that weather/climate appeared in 
less than 0.1% of overall session summary content. Therapists mentioned weather/climate in 0.25% of all micro-
dialogues (range: 0.19–0.38%). Findings of all rates of climate/anxiety discussions in each time point and each 
region of the U.S. appears in (Table 1).

Further, an analysis of the prevalent themes that occupy the discussions within therapy sessions found that the 
5 most discussed topics were the treatment (9.75% of all themes discussed), interpersonal relationships (7.45%), 
family dynamics (6.95%), coping skills (6.72%), and alcohol (5.61%). Figure 4 illustrates the distribution of the 
5 most frequently discussed topics across therapy sessions for each quarter, encompassing the time period from 
Q3 2020 to Q4 2022.

Climate/weather micro-dialogues change as therapy progresses
The analysis found that weather/climate were discussed more frequently as therapy progressed, from session 1 
to session 20. However, these topics were raised in less than 1% of micro-dialogues. Figure 5 illustrates climate/
weather discussions over time.

Enrichment analysis
Enrichment analysis to examine the topics discussed by clients during therapy sessions (see Fig. 6) revealed that 
when clients engaged in discussions about climate/weather, they tended to focus on a variety of psychological 
domains such as self-care, stress management, hygiene, interpersonal skills, driving, leisure, and holiday 
celebrations. Among the clients who did discuss the weather/climate, the top topics were self-care (17.04%, 
e.g. “There will be nicer weather this weekend and I’ll be able to go for a walk”); interpersonal communication 
(14.04%, e.g. “it’s been too cold [lately]… I’m finally ready to go outside. Today will be a perfect day to go out 
there. But there’s too many people out and I’ll have to socialize and I don’t want to see people but they don’t 
understand that.”); therapy (11.65%, e.g. “I skipped last week’s DBT group since it was raining cats and dogs and 
I didn’t feel like getting outside”); stress (6.89%, e.g. “I guess once the sun comes out I will feel less anxious”); and 
leisure activities (5.46%, e.g. “We are planning our daughter’s birthday party in the park this Sunday. It’s going 
to be a nice weekend”).
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Comparing client groups
Independent samples t-tests found that clients with greater depressive or anxiety symptoms mentioned the 
climate/weather significantly less than those with fewer symptoms: clients with moderate, moderate-severe, 
or severe self-reported depression or anxiety discussed this topic less than those with mild or no symptoms: 
0.31% (SD = 0.63) versus 0.42% (SD = 0.73), t = 4.43, p < .001 for depression and 0.34% (SD = 0.70) versus 0.41% 
(SD = 0.70), t = 2.47, p = .01 for anxiety.

Discussion
The current study investigated the extent of climate discussions in real-world therapy sessions. This is the first 
study to analyze real-world data from therapy sessions to assess how the documented mental health concerns 
associated with global warming are represented and discussed in psychotherapy. The findings suggest that the 

Quarter All organizations California North Atlantic South-East Central

Q3_2020 0.51 0.52 0.72 0.28

Q4_2020 0.53 0.48 0.72 0.39

Q1_2021 0.51 0.48 0.58 0.48

Q2_2021 0.46 0.28 0.37 0.43 0.77

Q3_2021 0.48 0.33 0.28 0.49 0.80

Q3_2021 0.43 0.27 0.34 0.46 0.64

Q1_2022 0.70 – 0.53 0.62 0.96

Q2_2022 0.39 – 0.28 0.39 0.49

Q3_2022 0.32 – 0.23 0.27 0.47

Q3_2022 0.41 0.26 0.41 0.33 0.66

Overall 0.47 0.38 0.35 0.50 0.59

Table 1.  Rates (%) of climate/anxiety discussions in therapy sessions across time points and U.S. regions.

 

Fig. 3.  Discussions of the weather or climate in therapy sessions across The U.S and In specific geographical 
regions (N = 32,542).
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5 most discussed themes in the 32,542 therapy sessions analyzed in this study were mostly relational (i.e., the 
therapy the client was receiving, interpersonal relationships, and family dynamics) or related with coping skills 
and alcohol use. Climate discussions constituted a very small proportion of the topics brought up by clients 
during therapy sessions, and that when the climate or the weather were mentioned, it was in the context of self-
care or leisure activities. Climate change or global warming were explicitly mentioned in only 0.3% of sessions. 
Despite previous claims in the mental health literature regarding the growing prominence of climate distress 
and eco-anxiety in therapy, this study reveals contrasting findings. While there was an observed increase in 
climate and weather discussions between July 2020 and December 2022, even doubling in certain U.S. regions 
during this period, these topics were mentioned in no more than 2% of all micro-dialogues. Further, in contrast 
to evidence that eco-anxiety is positively correlated with depression, anxiety, and stress41, this study found that 
clients who had greater depressive or anxiety symptoms discussed climate/weather significantly less than those 
with mild symptoms.

The dataset analyzed in this study of 32,542 treatment sessions of 7,916 clients in 23 behavioral health 
programs across 12 states could be somewhat representative of the broader population seeking mental 
healthcare. Therefore, the results indicating a scarcity of discussions of climate anxiety or eco-anxiety in therapy 
can be attributed to several factors. First, climate anxiety as a distinct entity is a relatively recent phenomenon 
and may not yet have been widely recognized by mental health professionals46,47. The effects of climate change 
on mental health are complex and can manifest in various forms, such as depression, anxiety, and obsessive-
compulsive disorder. Therefore, therapists may not specifically identify climate anxiety as a separate problem, 
but rather address its symptoms as part of a broader diagnosis. Second, it is also possible that climate anxiety 
is not frequently discussed in psychotherapy due to a lack of training and resources for therapists48. Climate 
change can be a sensitive and complex topic, and therapists may not feel equipped to address it effectively. The 
effects of climate change are not necessarily conscious, but rather lead to difficulties in many life domains, such 
as respiratory issues, discomfort, and the cost of goods like gasoline. Global warming may be a contributing 
factor to mental health problems, but the anxiety clients express is not about the climate crisis49. Moreover, the 
relationship between climate change and mental health is still an emerging field, and more research is needed to 
fully understand its implications and how best to address it in therapy settings. Third, it is important to consider 
the role of cultural and societal attitudes toward climate change in the under-representation of climate anxiety 
in psychotherapy. Climate change may not be perceived as a pressing mental health issue, and societal attitudes 
towards it may shape individuals’ willingness to discuss it in therapy50. Perhaps clients and therapists do not 

Fig. 4.  Proportion of the top 5 discussed topics in therapy sessions by quarter: Q3 2020 to Q4 2022 (N = 3,246 
sessions).
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perceive this issue as relevant for therapy, similarly to how gender roles and racism have not been discussed in 
therapy in the past51,52. Fourth, another potential interpretation of this study’s findings is that clients may not 
view their therapy sessions as a suitable platform to express their worries about the climate crisis. Instead, they 
may prioritize issues that are perceived as more pressing and more within their control. Notably, a majority 
of the therapy sessions in this study took place during the COVID-19 pandemic, which may have diverted 
clients’ attention towards more immediate concerns. Fifth, the existing literature regarding the discussion and 
treatment of climate anxiety in mental health sessions primarily stems from studies involving a specific subset of 
individuals who have expressed explicit interest in and distress about the climate crisis. In contrast, the present 
study included a broader cohort of clients undergoing treatment in mental health programs for various concerns. 
Further, earlier studies have analyzed self-reports from either therapists or clients, while this study’s utilization 
of innovative NLP techniques enables the collection of more objective data pertaining to therapy discussions35. 
In light of these data, it could be inferred that eco-anxiety may not be as prevalent as previously hypothesized.

Therapy should find ways to make life less tough for people in a rapidly changing world. Findings of this study 
suggest that climate/weather discussions constituted a small percentage of topics discussed in therapy sessions 
across the U.S. in general as well as in specific geographical areas. Even if this is a rare occurrence, mental health 
providers should advocate for additional ways of understanding psychological distress and whether it is created 
by climate change53. At the same time, if therapists want to play a role in mitigating the psychological impacts of 
climate anxiety, they have the responsibility and ethical commitment to rely on evidence and fact-check popular 
beliefs.

The study also highlights the potential of using technology in collecting and analyzing data from therapy 
sessions and connecting these with data from MBC measures to increase therapy relevance and efficacy. 
Harnessing the power of AI and NLP in therapy can aid in the identification and analysis of key themes and 
topics discussed in therapy sessions, including those related to mental health issues. This can provide valuable 
insights for therapists and other stakeholders into the mental health concerns of local communities and help them 
develop more targeted and effective interventions. Additionally, the use of technology in clinical practice can 
help overcome some of the limitations of traditional data collection methods, such as reliance on self-reported 
data, which can be biased or incomplete, especially when reviewed retrospectively in light of new theories or 

Fig. 5.  Climate/weather discussions from session 1 to session 20.
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evidence54. By providing more objective and comprehensive data, technology has the potential to enhance our 
understanding of the factors contributing to mental health issues and improve the quality of care provided to 
individuals experiencing mental anxiety. However, it is important to remember the ethical implications of using 
technology in therapy, including issues of privacy and data security, and ensure that appropriate consent and 
safeguards are in place to protect the rights and interests of individuals participating in therapy.

Limitations
Strengths of this study include a geographically diverse sample, data from the past few years, and access to the 
largest dataset of therapy sessions provided in real-world settings. Limitations include the absence of participants’ 
demographic data and how social determinants of health may affect interest in and urgency of climate concerns. 
These limitations affect the generalizability of the data to the total population, as younger individuals and those 
with a higher risk of being affected by climate change, may be more concerned by it and possibly bring it up in 
therapy more frequently. Similarly, we did not explore whether the way therapists framed their discussions or 
their personal attributes, such as training, influenced the likelihood of climate or weather discussions, which 
may introduce bias into the results.

Of note, the data on the accuracy of the AI-generated summaries was not assessed for inter-rater agreement. 
Furthermore, the study made several assumptions in its methodology, such as using specific terms to capture 

Fig. 6.  Enrichment analysis of conversation topics discussed by clients when climate/weather were mentioned.
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climate/weather discussions in therapy sessions. This assumes that participants consistently use identifiable, 
explicit language when discussing climate concerns, which may not always be the case. A broader list of climate-
related terms could have potentially identified more micro-dialogues on the subject. Future research should 
address these limitations to provide a more comprehensive understanding of the role of climate anxiety in 
therapy, potentially expanding the dictionary of terms and considering therapist influences.

Conclusion
Therapists have the potential to contribute to climate awareness and foster a broader societal understanding of 
how global warming affects mental and physical health55. However, the integration of climate-related discussions 
in therapy must be guided by empirical evidence56. This study lays the foundation for future research and 
professional development concerning the intersection of climate change and mental health. While it is plausible 
that climate change issues will increasingly appear in therapy sessions as their impacts become more pronounced, 
our findings suggest that these topics are not yet prevalent in community mental health settings. It is important 
for the mental health field to be prepared to meet emerging needs without presupposing that climate anxiety is a 
primary concern for every client. We must remain responsive to our clients’ needs, recognizing climate anxiety’s 
existence while respecting each client’s individual priorities and concerns.

Data availability
Data Availability StatementThe dataset generated and analyzed during the current study is not publicly available 
due to privacy and confidentiality reasons.

Received: 10 February 2024; Accepted: 3 October 2024

References
	 1.	 Hayes, K., Blashki, G., Wiseman, J., Burke, S. & Reifels, L. Climate change and mental health: risks, impacts and priority actions. 

Int. J. Ment Health Syst. 12 (1) (2018).
	 2.	 Manning, C. & Clayton, S. In: Psychology and Climate Change 217–244 (Academic, 2018).
	 3.	 Cuijpers, P. et al. Impact of climate events, pollution, and green spaces on mental health: an umbrella review of meta-analyses. 

Psychol. Med., 1–16 (2023).
	 4.	 Charlson, F. et al. Climate change and mental health: a scoping review. Int. J. Environ. Res. Public. Health 18  (9), 4486 (2021).
	 5.	 Hickman, C. et al. Climate anxiety in children and young people and their beliefs about government responses to climate change: 

a global survey. Lancet Planet. Health 5  (12), e863–e873 (2021).
	 6.	 Berry, H. L., Waite, T. D., Dear, K. B., Capon, A. G. & Murray, V. The case for systems thinking about climate change and mental 

health. Nat. Clim. Change 8 (4), 282–290 (2018).
	 7.	 Brophy, H., Olson, J. & Paul, P. Eco-anxiety in youth: an integrative literature review. Int. J. Mental Health Nurs. 32, 633–661 (2023).
	 8.	 Guthrie, D. & How, I. Learned to Stop worrying and love the eco-apocalypse: an existential approach to accepting eco-anxiety. 

Perspect. Psychol. Sci. 18 (1), 210–223 (2023).
	 9.	 Wu, J., Snell, G. & Samji, H. Climate anxiety in young people: a call to action. Lancet Planet. Health 4 (10), e435–e436 (2020).
	10.	 Comtesse, H., Ertl, V., Hengst, S. M. C., Rosner, R. & Smid, G. E. Ecological grief as a response to environmental change: a mental 

health risk or functional response? Int. J. Environ. Res. Public. Health 18 (2), 734 (2021).
	11.	 Pihkala, P. The process of eco-anxiety and ecological grief: a narrative review and a new proposal. Sustainability 14 (24), 16628 

(2022).
	12.	 Hasbach, P. H. Therapy in the face of climate change. Ecopsychology 7 (4), 205–210 (2015).
	13.	 Crandon, T. J. et al. A social–ecological perspective on climate anxiety in children and adolescents. Nat. Clim. Change 12 (3), 

277–284 (2022).
	14.	 Heeren, A. & Asmundson, G. J. Understanding climate anxiety: what decision-makers, health care providers, and the mental 

health community need to know to promote adaptative coping. J. Anxiety Disord 89, 102509 (2022).
	15.	 Wullenkord, M. C. et al. Anxiety and climate change: a validation of the climate anxiety scale in a german-speaking quota sample 

and an investigation of psychological correlates. Clim. Change 168 (1), 1–11 (2021).
	16.	 Hogg, T. L., Stanley, S. K., O’Brien, L. V., Wilson, M. S. & Watsford, C. R. The Hogg Eco-anxiety Scale: Development and validation 

of a multidimensional scale. Global Environ. Change 71, 102391 (2021).
	17.	 Dodds, J. The psychology of climate anxiety. BJPsych Bull. 45 (4), 222–226 (2021).
	18.	 Sangervo, J., Jylhä, K. M. & Pihkala, P. Climate anxiety: conceptual considerations, and connections with climate hope and action. 

Global Environ. Change 76, 102569 (2022).
	19.	 Barry, E. Climate change enters the therapy room. New York Times, 6. https://www.nytimes.com/2022/02/06/health/climate-

anxiety-therapy.html (2022).
	20.	 Mark, B. & Lewis, J. Group Interventions for Climate Change Distress. Psychiatric Times. https://www.psychiatrictimes.com/view/

group-interventions-climate-change-distress (2022).
	21.	 Society of Behavioral Medicine. Climate change and health. https://www.sbm.org/advocacy/climate-change-and-health (2023).
	22.	 Rodgers, R. F., Paxton, S. J., Nagata, J. M. & Becker, A. E. The impact of climate change on eating disorders: an urgent call for 

research. Int. J. Eat. Disord 56 (5), 909–913 (2023).
	23.	 Schreiber, M. Addressing climate change concerns in practice. Monitor on Psychol. https://www.apa.org/monitor/2021/03/ce-

climate-change (2021).
	24.	 Wong, K. Towards Climate-informed practice: insights from Climate-Aware Mental Health practitioners. Aust Couns. Res. J. 16 

(1), 33–51 (2022).
	25.	 Randall, R. A new climate for psychotherapy? Psychother. Polit Int. 3 (3), 165–179 (2005).
	26.	 Cianconi, P., Hanife, B., Grillo, F., Lesmana, C. B. J. & Janiri, L. Eco-emotions and psychoterratic syndromes: reshaping mental 

health assessment under climate change. Yale J. Biol. Med. 96 (2), 211 (2023).
	27.	 Seaman, E. B. Climate change on the therapist’s couch: how mental health clinicians receive and respond to indirect psychological 

impacts of climate change in the therapeutic setting (2016).
	28.	 Budziszewska, M. & Jonsson, S. E. Talking about climate change and eco-anxiety in psychotherapy: a qualitative analysis of 

patients’ experiences. Psychotherapy 59 (4), 606–615 (2022).
	29.	 Silva, J. F. B. & Coburn, J. Therapists’ experience of climate change: a dialectic between personal and professional. Couns. Psychother. 

Res. 23 (2), 417–443 (2022).
	30.	 Babbott, M. Pretraumatic climate stress in psychotherapy: an Integrated Case Illustration. Ecopsychology 15 (4), 312–321 (2023).

Scientific Reports |        (2024) 14:25976 10| https://doi.org/10.1038/s41598-024-75269-5

www.nature.com/scientificreports/

https://www.nytimes.com/2022/02/06/health/climate-anxiety-therapy.html
https://www.nytimes.com/2022/02/06/health/climate-anxiety-therapy.html
https://www.psychiatrictimes.com/view/group-interventions-climate-change-distress
https://www.psychiatrictimes.com/view/group-interventions-climate-change-distress
https://www.sbm.org/advocacy/climate-change-and-health
https://www.apa.org/monitor/2021/03/ce-climate-change
https://www.apa.org/monitor/2021/03/ce-climate-change
http://www.nature.com/scientificreports


	31.	 Baudon, P. & Jachens, L. A. Scoping review of interventions for the treatment of Eco-anxiety. Int. J. Environ. Res. Public. Health. 18 
(18), 9636 (2021).

	32.	 Motisi, M. Treating Youth with Eco-Anxiety: An Acceptance and Commitment Therapy Model (Widener University, 2022).
	33.	 Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-9: validity of a brief depression severity measure. J. Gen. Intern. Med. 16 (9), 

606–613 (2001).
	34.	 Spitzer, R. L., Kroenke, K., Williams, J. B. & Löwe, B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch. 

Intern. Med. 166 (10), 1092–1097 (2006).
	35.	 Sadeh-Sharvit, S., Rego, S. A., Jefroykin, S., Peretz, G. & Kupershmidt, T. A. Comparison between clinical guidelines and real-world 

treatment data in examining the use of session summaries: Retrospective study. JMIR Formative Res. 6 (8), e39846 (2022).
	36.	 Sadeh-Sharvit, S. et al. Effects of an Artificial Intelligence platform for behavioral interventions on depression and anxiety 

symptoms: Randomized clinical trial. J. Med. Internet Res. 25, e46781 (2023).
	37.	 von Elm, E. et al. The strengthening the reporting of Observational studies in Epidemiology (STROBE) Statement: guidelines for 

reporting observational studies. PLoS Med. 4 (10), e296 (2007).
	38.	 Artificial Analysis. Amazon Transcribe - Word Error Rate, Speed & Price Analysis. artificialanalysis.ai https://artificialanalysis.ai/

speech-to-text/models/aws (accessed 29 July 2024).
	39.	 Spinrad, A., Taylor, B., Ruzek, J. I., Jefroykin, S., Friedlander, T., Feleke, I., Sadeh-Sharvit, S. Action recommendations review in 

community-based therapy and depression and anxiety outcomes: a machine learning approach. BMC Psychiatr.  24 133 (2024). 
	40.	 Lewis, M., Liu, Y., Goyal, N., Ghazvininejad, M., Mohamed, A., Levy, O.,  Zettlemoyer, L. Bart: Denoising sequence-to-sequence 

pre-training for natural language generation,translation, and comprehension. arXiv preprint arXiv:1910.13461 (2019).
	41.	 Assenheim-Dagan, L., Jefroykin, S., Lev Ari Weiz, H., Katz, Y. & Sadeh-Sharvit, S. Using Artificial Intelligence to Capture Social 

Determinants of Health Discussions in Behavioral Health Sessions. arXiv preprint arXiv:  https://doi.org/10.31234/osf.io/5fa4h 
(2023).

	42.	 Imel, Z. E. et al. Jan. Mental health counseling from conversational content with transformer-based machine learning.  JAMA 
Netw. Open7,1 e2352590. https://doi.org/10.1001/jamanetworkopen.2023.52590 (2024).

	43.	 Balloch, J. et al. Use of an ambient artificial intelligence tool to improve quality of clinical documentation. Future Healthc. J. 11 (3), 
100157 (2024).

	44.	 Mikolov, T., Chen, K., Corrado, G. & Dean, J. Efficient estimation of word representations in vector space. arXiv Preprint arXiv  
13013781 (2013).

	45.	 Subramanian, A. et al. Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide expression 
profiles. Proc. Natl. Acad. Sci. USA 102 (43), 15545–15550. https://doi.org/10.1073/pnas.0506580102  (2005).

	46.	 Mathers-Jones, J. & Todd, J. Ecological anxiety and pro-environmental behaviour: the role of attention. J. Anxiety Disord. 98, 
102745 (2023).

	47.	 Parmentier, M. L. et al. The influence of environmental crisis perception and trait anxiety on the level of eco-worry and climate 
anxiety. J. Anxiety Disord. 101, 102799 (2024).

	48.	 van Valkengoed, A. M., Steg, L. & de Jonge, P. Climate anxiety: a research agenda inspired by emotion research. Emot. Rev. 15 (4), 
258–262 (2023).

	49.	 Pitt, C., Norris, K. & Pecl, G. Informing future directions for climate anxiety interventions: a mixed-method study of professional 
perspectives. J. Outdoor Environ. Educ. (2024).

	50.	 Wang, H. et al. Coping with eco-anxiety: an interdisciplinary perspective for collective learning and strategic communication. J. 
Clim. Change Health 9, 100211 (2023).

	51.	 Greaves, S., Harvey, C. & Kotera, Y. Exposure to climate change information on affect and pro-environmental behavioural 
intentions: a randomised controlled trial. Earth 4 (4), 845–858 (2023).

	52.	 Evans, K. M., Kincade, E. A., Marbley, A. F. & Seem, S. R. Feminism and Feminist Therapy: lessons from the past and hopes for the 
future. J. Couns. Develop. 83, 269–277 (2005).

	53.	 McCubbin, L. D. et al. Returning the colonizers gaze: critiquing whiteness in our training programs. Train. Educ. Prof. Psychol. 17 
(1), 14–21 (2023).

	54.	 Bingley, W. J. et al. H. A multiple needs framework for climate change anxiety interventions. Am. Psychol. 77 (7), 812–821 (2022).
	55.	 Mongonia, L. Climate change and mental health: the counseling professional’s role. J. Counselor Leadersh. Advocacy 9 (1), 57–70 

(2022).
	56.	 Martin, G., Cosma, A., Roswell, T., Anderson, M., Treble, M., Leslie, K., & Gislason, M. Measuring negative emotional responses 

to climate change among young people in survey research: A systematic review. Soc. Sci . Med.  116008  (2023).

Author contributions
SSS, LB and SAR conceptualized the study and the methodology; LB conducted all data analyses and prepared 
Figs. 1, 2, 3 and 4; Table 1; SSS guided the labeling process of the therapist-client micro-dialogues; SSS drafted 
the main manuscript text which LB and SAR reviewed and provided feedback on. All authors reviewed and 
approved the final manuscript.

Declarations

Competing interests
LB and SSS are employees of Eleos Health whose artificial intelligence platform was used to generate the data 
analyzed in this study. SAR is an unpaid advisor of the company.

Additional information
Correspondence and requests for materials should be addressed to L.B. or S.S.-S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Scientific Reports |        (2024) 14:25976 11| https://doi.org/10.1038/s41598-024-75269-5

www.nature.com/scientificreports/

https://artificialanalysis.ai/speech-to-text/models/aws
https://artificialanalysis.ai/speech-to-text/models/aws
https://doi.org/10.31234/osf.io/5fa4h
https://doi.org/10.1001/jamanetworkopen.2023.52590
https://doi.org/10.1073/pnas.0506580102
http://www.nature.com/scientificreports


Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/.

© The Author(s) 2024  

Scientific Reports |        (2024) 14:25976 12| https://doi.org/10.1038/s41598-024-75269-5

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Detecting climate anxiety in therapy through natural language processing
	﻿Methods
	﻿Dataset description
	﻿The eleos health platform
	﻿Data Processing
	﻿Classifying climate- and weather-related terms
	﻿Data analysis plan

	﻿Results
	﻿The percentage of weather/climate discussions over time
	﻿Climate/weather micro-dialogues change as therapy progresses
	﻿Enrichment analysis
	﻿Comparing client groups

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


