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ABSTRACT 
Climate services are systems that provide climate and climate-
related information to inform decision making around the world. 
Despite these systems featuring diverse interactions between tech-
nologies and a variety of user groups, and frequent calls in the 
literature for more a more user-centred focus, HCI researchers do 
not appear to have engaged much with this active research area. 
In this paper, we demonstrate this lack of interaction via a sys-
tematic literature search and ofer possible explanations for this. 
We also map out opportunities for how HCI researchers can use 
their highly relevant skillsets to contribute to this research and 
aid climate change adaptation, notably around the user-facing ele-
ments of climate services. Finally, we ofer some reasons why HCI 
researchers might want to engage, such as furthering existing HCI 
research avenues, and creating new ones through collaborations 
with researchers in disciplines such as climate science, development, 
and policy. 

CCS CONCEPTS 
• Human-centered computing → Human computer interac-
tion (HCI). 
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1 INTRODUCTION 
Even if humanity manages to strongly reduce and mitigate its green-
house gas emissions to reach net zero, scenarios prepared by the 
Intergovernmental Panel for Climate Change show that an increase 
in temperature of at least 1.5 degrees above pre-industrial levels is 
near inevitable [75, 113]. Already, the efects of climate change are 
becoming more strongly felt around the world, and adapting to a 

warmer and more variable climate by taking measures to protect 
societies and ecosystems is necessary. Central to these eforts are 
climate services — the systems that provide climate, weather, and 
other related information to various stakeholders around to world 
to inform decision making processes [51], allowing for planning 
and preparation for upcoming conditions. Climate services also 
provide early warning systems for extreme events [124], such as 
heat waves, drought, and fooding, which are already commonplace 
in many parts of the world. This allows for efective preparation and 
timely action, from government resource provisioning through to 
preparedness measures for individuals. Outside of extreme events, 
climate services are also relied upon by countless communities 
around the world for their livelihoods, as weather patterns they are 
habituated to are no longer a reliable guide to the present or the fu-
ture. For example, smallholder farmers may use rainfall information 
for the coming season to inform crop selection and planting times, 
or how much fertiliser to apply [4]. Though research eforts are 
commonly focused on aiding adaptation in developing regions that 
are currently being most afected, climate services also operate in 
developed regions [16, 116] (e.g. Europe [19, 27, 89], North America 
[31], and Australia [28, 54]). Furthermore, the increasing efects of 
climate change worldwide mean that many more people will have 
cause to interact with these services and rely on them in the future. 
Throughout the world, climate services can help guide long-term 
development [60] and address broader societal challenges in the 
context of the Sustainable Development Goals [57], such as improv-
ing food security and increasing household incomes, democratising 
information to reduce inequalities, and guiding policy on climate 
action. 

Climate services exist as a combination of local, national, re-
gional, and international services [68] that are provided through 
the collaboration of a wide range of stakeholders. Typically, climate 
scientists provide data from observation networks and models, 
which then goes through various value-adding steps, stakeholders, 
and users, which forms a value chain [4, 119]. Services are often 
interacted with through tools, products, websites, or bulletins, and 
the value chain also necessitates various technical, institutional, and 
social infrastructures for efective service delivery [115]. Despite 
the range of users involved and the critical nature of these systems, 
prior research has repeatedly identifed a lack of user interaction 
as a shortcoming of current climate services development and im-
plementation [16, 18, 72, 92, 118, 121], which leads to services that 
do not meet user needs and therefore go unused. 

The HCI discipline has previously engaged with climate change 
and adaptation in areas such as sustainable HCI [33, 104], smart 
cities [6, 48], and sustainable food systems [24, 25]. However, HCI’s 
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engagement with climate services research specifcally appears lim-
ited. Despite this, HCI researchers would be well-placed to address 
the need for user-centred process in designing and implementing cli-
mate services — for instance by cultivating a deeper understanding 
of users, their tasks, and the tools they use, allowing for the develop-
ment of systems that better support decision making. Furthermore, 
new interfaces and paradigms for delivering climate information 
could be developed. In this paper, we explore possible reasons for 
this apparent lack of crossover, and identify efective ways in which 
HCI researchers can contribute to this increasingly crucial feld. 

2 RELATED WORK 

2.1 Climate services 
Climate services — sometimes referred to as climate information 
services, climate and weather services, and weather and climate ser-
vices — is an active area of research research spanning climate 
science, policy, development, and more. Terminology surrounding 
climate services can vary between sources [116], and a number of 
defnitions for climate services have been proposed [16, 121]. For 
this paper, we use the widely used defnition provided by via the 
World Meteorological Organisation’s (WMO) Global Framework for 
Climate Services (GFCS): "the provision of climate information in 
such a way as to assist decision-making" [51]. This provides a broad, 
simple framing which can be further developed with additional de-
tails where necessary [52]. Furthermore, most other defnitions also 
reference the provision of information to inform decision making 
[16, 121]. The types of information provided also vary — contrary to 
their name, climate services often do not only provide information 
about the climate in the sense of long-term projections of climatic 
conditions. Some services may incorporate shorter-term weather 
outlooks and related information, such as hydrological variables. 
Indeed, for many users the terms "climate" and "weather" are largely 
interchangeable [110]. However, these outputs are loosely referred 
to as climate information. 

In practice, there is no one-size-fts-all model to describe a cli-
mate service. They consist of a variety of institutions, technical 
and non-technical systems, stakeholders, and users, and these will 
vary based on location and context [121]. However, services will 
typically be managed by an international or national meteorol-
ogy service [73] who cascade information to diferent users and 
stakeholders further down the value chain (though this may be 
better characterised as a "value web", as information fow is not 
necessarily linear [52]). They will often operate a website which 
provides an entry-level user interface to the service, which maybe 
be supplemented with apps and a social media presence [53, 109], 
and other tools and bulletins may also form part of the service [115]. 
Users and stakeholders may also interact with climate services in 
non-technical ways, for example through climate outlook forums 
used to produce and disseminate regional forecasts to intermediate 
users [29], participatory scenario planning meetings that engage 
stakeholders at more local levels and plan for potential eventualities 
[42], and other events and activities [53]. It also is worth noting 
that in some areas, end users may not access these services directly. 
Instead, they may receive forecasts and climate information from a 
service indirectly, such as through members of their community or 
governmental and non-governmental organisations [96]. 

Many stakeholders are involved in the the value chain of pro-
duction, delivery, and use of climate services, including a range 
of co-ordinating bodies, service providers, and service users (who 
may also be providers) [115]. Given the wide-ranging applications 
and complexity of providing climate services, the WMO established 
the GFCS to guide and support their development [51]. The GFCS 
highlights the importance of interaction between the providers and 
users of climate services to tailor services to diferent users, though 
prior research has repeatedly highlighted that this is often lacking. 
This lack of interaction means that service providers and scientists 
often do not fully understand user needs [92], leading to a so-called 
"usability gap" where there is a mismatch between information 
provided and what is actually required by users [65]. There has 
also historically been a tendency to develop "supply-driven" ser-
vices based on what climate scientists are able to provide, rather 
than "demand-driven" services based on user needs [68]. This is 
sometimes based on the erroneous assumption that simply pro-
viding information will translate to efective action, known at the 
"defcit model", where inaction is seen as being caused by a defcit 
of knowledge which should be flled [119]. 

In an attempt to address these shortcomings co-production pro-
cesses have been advocated for, whereby climate services and in-
formation are developed in conjunction with users in the hope that 
uptake will be maximised [8, 66, 117]. This is opposed to the top-
down provision of climate services that has traditionally prevailed, 
whereby scientists produce and provide services and information 
that may not meet the real-world needs of users. Co-production 
methods share similarities with established HCI approaches, such 
as co-design and participatory design, and more generally involving 
users in the development of information and services [94]. However, 
despite co-production being seen as a potential remedy to some of 
the failings of climate services, in practice this is still uncommon 
and the processes are not well-defned [119]. 

2.2 HCI and climate adaptation 
Research in HCI engaged with climate change has largely been 
via the feld of sustainable HCI, which has focused primarily on 
mitigation of its impacts, and more widely on engaging citizens in 
activism. For a systematic review of this work, see [45]. There has 
been relatively little work focused on adaptation, but one exception 
to this is the use of games to engage people in thinking about adap-
tation. Serious games [55, 78] have been used to engage high-school 
students with the challenges of climate adaptation. More widely, 
many virtual world games have climate change incorporated in 
them, as detailed in a survey by Fernández Galeote et al. [39]. They 
identify that while a number of games do feature adaptation, it 
is signifcantly lower than those which feature mitigation. These 
games tend to be ones where the player represents an authority 
(as opposed to citizen), and the authors identify the need to ex-
plore such citizen-focused perspectives on adaptation in games as 
a means to raise awareness. 

2.3 ICT and HCI for development 
Developing regions are a common focus in climate services liter-
ature [116]. HCI research intersects this application area via ICT 
for Development (ICTD) and and HCI for Development (HCID) 
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which, given the focus on development, have tended to focus on 
"ground-level" end-user benefciaries such as smallholder farmers 
children, or patients [32]. ICTD and HCID have often taken an 
interventionist approach, such as deploying a new technology with 
a specifc user group (e.g. women, farmers), in a specifc location in 
the developing world (e.g. India, parts of Africa and South America), 
or for a particular application (e.g. health, agriculture) [23, 70]. 

As these users have obvious use cases and immediate needs, 
such focus is understandable in ICTD and HCID research. However, 
this only represents one part of the climate services value chain. 
In addition to end users, the are also various intermediate- and 
high-level users such as local and national decision makers from 
governments and NGOs, as well as climate service providers who 
supply data and information at the top of the value chain [94]. 
Furthermore, we stress that climate services are not only for the 
developing world. However, our literature search shows that HCI 
interventions that interact and deliver climate services appear to 
be limited. 

3 EXPLORING THE CROSSOVER OF CLIMATE 
SERVICES AND HCI 

There have been frequent calls for climate services development 
to incorporate more user interaction and user-centred methods, 
including HCI methods specifcally more recently [94, 112]. How-
ever, there appears to be little research that links these two felds. 
To investigate the extent of interaction between climate services 
and HCI, we performed a systematic literature search using some 
commonly-used literature databases, namely IEEE Xplore, ACM 
Digital Library, SCOPUS, and Web of Science. Initially, we searched 
for direct mentions of climate services and HCI. As we found that 
HCI also denotes the "holiday climate index" used in tourism re-
search, we ensured terms relating to this were not included in our 
results. Search felds included were as broad as possible within the 
limitations of the selected search engines; we typically searched 
article titles, abstracts, and associated metadata (e.g. keywords), as 
well as the full article text if the option was available (not including 
references). The following syntax was used, which was modifed 
accordingly to the requirements of particular search engines: 

("climate service*" AND ("HCI" OR "human computer 
interaction")) NOT ("touris*" OR "holiday climate in-
dex") 

As this initial search only generated a single relevant result 
across the databases, we decided to take a broader approach. To cap-
ture variations in terminology, we included "climate services", "cli-
mate information services", "climate and weather services", and "cli-
mate information" in our search, resulting in the following query: 

(("climate service*" OR "climate information service*" 
OR "climate and weather service*" OR "climate infor-
mation") AND ("HCI" OR "human computer interac-
tion")) NOT ("touris*" OR "holiday climate index") 

Across the four databases, this search yielded 21 results. To en-
sure greater coverage, we performed additional targeted searches 
of specifc journals and conference proceedings. In case some HCI 

papers did not contain the terms "HCI" or "human-computer inter-
action", we searched the ACM Digital Library using the following 
query, and constrained the results to HCI-centric venues: 

"climate service*" OR "climate information service*" 
OR "climate and weather service*" OR "climate infor-
mation" 

This returned fve results, one each from CHI, DIS, OzCHI, ACI, 
and ICTD proceedings. Finally, we also searched some common 
publication venues for climate services research in case there were 
papers that did not feature the terms "climate services", "climate 
information services", or "climate information". We searched fve 
journals using the following query: 

("HCI" OR "human computer interaction") NOT ("touris*" 
OR "holiday climate index") 

Firstly, the journal Climate Services1 yielded a single result. We 
repeated this process for the journal Climatic Change2, which pro-
duced two results, Weather, Climate, and Society3, which produced 
fve results, and Wiley Interdisciplinary Reviews (WIREs) Climate 
Change4 , which produced no results, and Nature Climate Change 5, 
which produced two results. This gave a total of 31 results across all 
searches. Accounting for duplicates, there were 23 unique results 
(see Table 1 for an overview). 

We then fltered the results for relevance according to some 
inclusion criteria. Firstly, we were interested only in results that 
explore climate services and/or climate information to inform de-
cision making, in line the widely-accepted defnitions of climate 
services [16, 51]. Secondly, climate services and/or climate infor-
mation should form a signifcant focus of the research, and each 
publication should also contain a relevant HCI component. Based 
on these criteria, 24 papers were omitted: 

• Twelve papers mentioned "climate information" only once in 
passing, and outside of the context of research into climate 
services as a means to inform decision making (e.g. voice 
assistants relaying the local weather forecast, local weather 
conditions being displayed on a smart home dashboard, or 
room temperature being conveyed through the shape of an 
artefact) 

• One paper used rainfall data only as a test dataset for their 
haptics system and did not elaborate any further 

• One paper coincidentally contained matching text from two 
clauses linked by a comma ("...climate, information...") 

• Two papers did not contain a signifcant HCI component: 
a paper concerned with data formats for climate services 
which was partially categorised as an HCI paper, and a paper 
focused on the design of wireless sensors 

• Five papers contained only a single of mention of HCI in the 
references section 

• Three papers contained mentions of "HCI" that was not 
human-computer interaction (e.g. "heat centre index") 

1https://www.sciencedirect.com/journal/climate-services, accessed 16th August 2022 
2https://www.springer.com/journal/10584, accessed 16th August 2022 
3https://journals.ametsoc.org/view/journals/wcas/wcas-overview.xml, accessed 16th 
August 2022
4https://wires.onlinelibrary.wiley.com/journal/17577799, accessed 16th August 2022 
5https://www.nature.com/nclimate/, accessed 16th August 2022 

https://www.sciencedirect.com/journal/climate-services
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  Source type  Source     Initial results Relevant results
Literature databases ACM Digital Library 9 2 

IEEEXplore 10 0 
SCOPUS 2 0 
Web of Science 0 0 

HCI venues CHI 1 1 
DIS 1 1 
OzCHI 1 0 
ICTD 1 0 
ACI* 1 0 

Targeted climate services venues Climate Services 1 1 
Climatic Change 2 2 
Weather, Climate, and Society 5 0 
Wiley Interdisciplinary Reviews: Climate Change 0 0 
Nature Climate Change 2 0 

Subtotal (inc. duplicates) 
Total distinct publications 

36 
30 

7 
6 

Table 1: Literature search results. *Animal-Computer Interaction — we include this with HCI for the purposes of this search. 

After removing irrelevant results, six publications were remain-
ing (see Table 2 for an overview). There were only two results from 
HCI-specifc venues indexed by the ACM digital library: Myllynpää 
et al. [76] details the design of a smartphone app to deliver weather 
and climate information to farmers in Namibia, and Soden et al. 
[105] details an "artathon" event to develop new ways of communi-
cating climate information to empower people and involve them 
in decision making. The remaining four publications were from 
climate services and climate science-related journals. Terrado et al. 
[112] discusses how climate services can learn from the disciplines 
of HCI, UX, graphic design, and psychology to develop better vi-
sualisations. They specifcally advocate for user-centred processes. 
Wong-Parodi et al. [126] discuss the usability evaluation of a de-
cision support tool that delivers risk information about rising sea 
levels in the USA, and specifcally cite HCI research as a guide for 
their method. Eggeling et al. [37] also details using HCI methods to 
assess usability of the "ClimApp" tool, which combines local fore-
casts and and the users context to deliver personalised information 
about the user’s thermal stress level. Dow et al. [34] details a survey 
study that investigated user needs in terms of diferent mapping 
conventions used in decision support tools. 

We do not claim this search to be entirely exhaustive, as we 
may have missed some relevant research that did not contain our 
search terms, or may have been indexed in places we did not search 
(e.g. there is a signifcant body of climate services grey literature). 
However, for the purposes of scoping, it does serve to demonstrate 
that crossover between HCI and climate services research appears to 
be minimal, and notably so in high-impact HCI publication venues. 
Furthermore, it seems that most of the research from this search is 
quite narrow in terms of scope — two of the publications [37, 76] 
detail specifc technology implementations of a climate service 
interface, two papers [34, 112] are concerned with guiding design 
of visualisation, two detail usability evaluations [37, 126] (note 
that one paper overlaps these categories). The fnal paper [105], is 

arguably the most unconventional paper, and which uses methods 
not traditionally seen in climate services literature. However, these 
publications seem disconnected from the broader context of climate 
services, and there is little engagement with the growing body of 
research into the theory and practice of climate services as its own 
research feld. Prior research notes that climate services exist in 
an ecosystem of diferent interacting services, related processes, 
institutions, and stakeholders, and that a broader HCI-centric focus 
that engages with these diferent elements would be benefcial [94]. 

3.1 Extending the scope of the literature search 
Following the small number of results from our above searches, 
we decided to extend the scope of our literature search to capture 
research that is related to HCI, but may not have appeared under 
our previous queries. Specifcally, we looked for publications that 
included reference to user-centred methods in the context of climate 
services, with the intention of highlighting some example areas 
of where this type of research is happening and could be further 
developed by HCI specialists. We again searched IEEE Xplore, ACM 
Digital Library, SCOPUS, and Web of Science, using the following 
query: 

("climate service*" OR "climate information service*" 
OR "climate information") AND ("user centred" OR 
"user centered") 

As user experience design is a common application of HCI and 
user-centred methods, we also searched for papers that reference 
"user experience" using the following query: 

("climate service*" OR "climate information service*" 
OR "climate information") AND ("user experience" OR 
UX) 

These searches returned 30 results (11 and 19 respectively) across 
the databases. After accounting for duplicates, there were 17 results 
(see Table 3 for an overview). These were then subjected to the 
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Table 2: Filtered literature search results. *Journal of the American Water Resources Association 

Publication Venue Matched term(s) 
Myllynpää et al. [76] 
Soden et al. [105] 

CHI 2020 Late breaking Work 
DIS 2020 proceedings 

Climate services, climate information 
Climate information 

Dow et al. [34] 
Eggeling et al. [37] 
Terrado et al. [112] 
Wong-Parodi et al. [126] 

JAWRA* 
Climate Services 
Climatic Change 
Climatic Change 

Human-computer interaction (indexed keyword) 
Human-computer interaction, HCI 
Human-computer interaction 
Human-computer interaction 

Table 3: Extended literature search results. 

Source Initial results Relevant results 
ACM Digital Library 6 2 
IEEEXplore 0 0 
SCOPUS 14 14 
Web of Science 10 10 

Subtotal (inc. duplicates) 30 26 
Total distinct publications 17 14 

following inclusion criteria: 1. Publications must have a climate 
services focus, and 2. Publications must explicitly use, advocate 
for, or critically examine (e.g. through evaluation) user-centred 
methods. After fltering for these criteria, six publications were 
omitted 

• Four mentioned "climate information" only in passing, and 
did not have a signifcant climate services focus 

• One paper coincidentally contained matching text from two 
clauses linked by a comma ("...climate, information...") 

• One paper used the term "user experience" to mean the level 
of experience a user had, rather than the UX context 

This left 11 publications remaining. Of these, eight used user-
centred methods as part of their research, six advocated for the use 
of user-centred methods, and four critically examined new or ex-
isting user-centred methods (note that categories are not mutually 
exclusive). See Table 4 for a complete overview of the results. 

In terms of subject matter, we were able to categorise the papers 
under three broad headings. Three papers were concerned with the 
design of decision support tools and visualisations (Calvo et al. [21], 
Hewitson et al. [49], Terrado et al. [112]6). Three papers detailed the 
development of a new service or system (Gbangou et al. [43], Sotelo 
et al. [106], Wilson et al. [125]). Five papers were concerned with 
the theory and practice of climate services to better engage with and 
understand users (Bouroncle et al. [15], Harvey et al. [47], Nost [80], 
Rigby et al. [94], Steuri et al. [108]), e.g. by critically evaluating the 
efectiveness of a particular method, or empirical studies applying 
a method. From these additional literature searches, we fnd that 
there is some HCI-relevant research that is directly applicable to 
climate services published outside of the typical HCI sphere. While 

6Note that Terrado et al. [112] also appeared in our main literature search; we also 
discuss it here in the context of user-centred methods. 

this appears to be limited in quantity, it does suggest areas for 
contribution and collaboration with HCI. 

4 POSSIBLE REASONS FOR LACK OF 
CROSSOVER 

Given the lack of consideration for diferent user groups in the cli-
mate services ecosystem that has been noted by prior research, and 
the mismatch between the information provided and user needs 
which prevents efective use, there seems an obvious case for user-
centred research methods in this area. Though some relevant re-
search is being conducted in this area, it seems that the wider HCI 
community has engaged very little with this feld, as shown by 
our literature search above. This raises the question of why this 
is the case. Based on our literature search, related literature, and 
our experience working in this area, we suggest that there are a 
number of reasons for this which we detail in turn. 

4.1 HCI researchers are not aware of this 
research area 

An obvious reason for a lack of attention from HCI researchers is 
that they are simply not aware of this research area. As evidenced 
by our literature search, few HCI publications seem to engage with 
climate services. This potentially leads to a self-perpetuating cycle 
where it is not visible or discoverable in typical HCI publication 
venues, and therefore is not further engaged with. The inverse also 
appears to be true — the feld of climate services in general may 
be unaware of HCI as a discipline and HCI researchers’ specifc 
skillset. Anecdotally, we authors refect on our own experiences 
as HCI researchers working on interdisciplinary climate services 
projects for over two years — colleagues have often never heard of 
HCI as a feld, and are unaware of key principles that are of direct 
relevance, such as user-centred design. 

4.2 This research can be logistically challenging 
There can be signifcant logistical difculties in conducting this 
work. There are many barriers in place in conducting efective 
research in this area, many of which are shared with ICTD and 
HCID [127]. A major one is location — researchers may be required 
to perform situated studies, either for methodological reasons or 
because remote data collection is not feasible. Given that developing 
countries are often the focus of climate services research, travel to 
these locations can be prohibitively expensive, difcult to arrange 
if the researcher is not familiar with the local context, or even 
unsafe for reasons such as political instability or risk of danger to 
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Table 4: Filtered results of extended literature search. 

User-centred  methods
Publication Venue Uses Advocates Examines

Gbangou et al. [43] Atmosphere ✓ 
Calvo et al. [21] Bulletin of the American Meteorological Society ✓ 
Steuri et al. [108] Bulletin of the American Meteorological Society ✓ ✓ 
Rigby et al. [94] Climate and Development ✓ ✓ 
Bouroncle et al. [15] Climate Services ✓ ✓ ✓ 
Wilson et al. [125] Climate Services ✓ 
Terrado et al. [112] Climatic Change ✓ ✓ 
Nost [80] Climatic Change ✓ ✓ 
Sotelo et al. [106] Computers and Electronics in Agriculture ✓ 
Harvey et al. [47] Frontiers in Climate ✓ ✓ 
Hewitson et al. [49] Wiley Interdisciplinary Reviews: Climate Change ✓ 

 

researchers (research institutions would also probably not permit 
this research in such cases). 

Another difculty is access to user groups. For example, if a 
rural farming community has been identifed as a user group of 
interest, how does one contact them to perform research? Even in 
cases where users are professional ofce workers, there still may 
be no obvious way to get access to these groups if they are outside 
of researchers’ typical networks. We acknowledge that access to 
users is not a new challenge in HCI or research in general [128], 
especially when working with under-represented user groups, but 
it can nonetheless present a signifcant barrier to research. 

4.3 This research requires new collaborations 
As climate services exist as interconnected data, technologies, and 
institutional infrastructures, it is likely that many of these elements 
will fall outside of HCI researchers’ typical skillset. Indeed, sus-
tainable HCI researchers have suggested that technology can only 
form part of a response to climate change and other sustainability 
challenges [17]. Though HCI is often interdisciplinary [11, 46], the 
types of collaboration necessary to contribute meaningfully to cli-
mate services work appear to be outside of typical HCI networks. 
Furthermore, our literature search shows that they appear to be 
uncommon. 

Many existing climate services are the result of international col-
laborations incorporating experts in climate science, social science, 
policy research, international development, and more, e.g. research 
projects such as 7 8 9   the WISER , CONFER , and DOWN2EARTH  

projects. Thus, this level of collaboration is often necessary to per-
form relevant and impactful research — something that has been 
recognised in climate services literature [50]. In addition to bring-
ing diferent expertise and experience, collaboration can address 
practical difculties in performing research locations that may be 
difcult to reach, or with user groups that are difcult to access. 
Local collaborators can design culturally-appropriate studies, per-
form data collection, and facilitate access to diferent user groups. 

7https://www.metofce.gov.uk/about-us/what/working-with-other-organisations/ 
international/projects/wiser, accessed 8th September 2022
8https://confer-h2020.eu/, accessed 8th September 2022 
9http://down2earthproject.org/, accessed 8th September 2022 

Also, collaborators embedded in institutions may have preexisting 
working relationships with other stakeholders and experts. 

Despite the obvious benefts of collaboration, competing priori-
ties can introduce difculties. Furthermore, these relationships can 
be difcult to arrange or even discover in the frst place, as it seems 
that HCI and climate services are not already in regular communica-
tion through preexisting collaborations or other research avenues. 
The pervasiveness of HCI could also be problematic when it comes 
to fostering collaborations, as HCI’s interdisciplinary nature could 
mean that HCI thinking and skills are present in researchers from 
other felds. If so, HCI researchers may be deemed unnecessary as 
their duties can be covered by others. 

An additional challenge for projects which include partners in 
the Global South, is that most large national academic funding 
schemes do not have straightforward ways to include such partners. 
An exception to this, the UK Global Challenges Research Fund10, 
has recently been closed following the reduction of UK aid spending. 

4.4 This research requires a long-tailed 
approach 

Previous research in climate services has repeatedly highlighted 
the numerous sustainability challenges of climate services that 
should be considered from the outset [19, 36, 117], as services and 
interventions that are not actively supported and maintained fall 
out of use, which calls into question their value. Such a long-tailed 
approach can be at odds with HCI research, which often focuses 
on new and immature technologies on a superfcial level. Some 
even argue that HCI actively supports and encourage unsustainable 
practices, both in terms of technology and research life cycles [104]. 
Therefore, it is possible that climate services research could appear 
unappealing to HCI researchers in comparison with other "low-
hanging fruit" research that focuses and new or currently-popular 
technology. For example, diferent periods in recent years have 
seen a proliferation of HCI research into Pokémon Go (e.g. [9, 26, 
85]), pandemic-induced remote working and teleconferencing (e.g. 
[22, 77]), and Covid-19 more generally (e.g [20, 90]) that captured 
the zeitgeist (note that we do not wish to diminish the worthiness 
10https://www.ukri.org/what-we-ofer/international-funding/global-challenges-
research-fund/, accessed 8th September 2022 

https://www.metoffice.gov.uk/about-us/what/working-with-other-organisations/international/projects/wiser
https://www.metoffice.gov.uk/about-us/what/working-with-other-organisations/international/projects/wiser
https://confer-h2020.eu/
http://down2earthproject.org/
https://www.ukri.org/what-we-offer/international-funding/global-challenges-research-fund/
https://www.ukri.org/what-we-offer/international-funding/global-challenges-research-fund/
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or rigour of such work). This may also be afected by funding 
and publication cycles which can favour more immediate and self-
contained research, which has also been identifed in other areas of 
HCI research [104]. 

Despite this, there are large bodies of HCI research intersecting 
with other disciplines which may require a similar long-term view. 
One example is HCI and healthcare, where studies can have strin-
gent ethical, design, and evaluation requirements [14] to ensure 
interventions do not compromise patient safety [12], which can 
add signifcant time overheads. For comparison, a search of the 
ACM Digital Library using the query "HCI AND Health" returns 
17,318 results, versus the nine results from our literature search 
above. Another example is ICTD and HCID research, which face 
some of the challenges we detail above. A search for "HCI AND 
ICTD" on the ACM Digital Library returns 567 results. Thus, it 
seems that research on longer timescales is not insurmountable 
for HCI researchers — this suggests it may only be a contributing 
factor to the lack of crossover of HCI and climate services, or that 
the timescales are much greater. 

5 AREAS WHERE HCI CAN CONTRIBUTE TO 
CLIMATE SERVICES RESEARCH 

Climate services is an active research area that is constantly moving 
forward. However, advances have more consistently resulted in 
better data, rather than better services that lead to better decisions 
from users [41]. The numerous barriers facing this research area 
have been extensively documented. In particular, we draw attention 
to the "people side" of climate services — interactions between the 
various stakeholders, users, infrastructures, and technical systems 
within climate services. This has repeatedly been identifed as an 
area for improvement and sits frmly within the remit of HCI as a 
discipline. Our literature search in Section 3 highlighted the small 
amount of climate services research that is both directly relevant to 
HCI and tangential to it, which revealed some areas ripe for contri-
bution from HCI researchers. Therefore, in this section we present 
some possible ways in which HCI can make valuable contributions 
to furthering climate services research and implementation. 

5.1 Understanding users and context, and 
ensuring needs are met 

As already discussed, a wide variety of user groups interact with 
climate services, each with specifc needs and capabilities. Previous 
research has shown that climate services and the information they 
provide should be demand-driven and tailored to user needs, but 
in reality there is little interaction between providers and users 
meaning that needs are poorly understood [115], and there is a 
signifcant "usability gap" between what is needed and what is 
provided [65]. Our literature search uncovered papers focused on 
the implementation and discussion of methods and theories relevant 
to HCI to improve user engagement, to enable researchers better 
understand users and their needs and develop better services. This 
demonstrates an appetite to develop this kind of work within the 
climate services feld, though the small number suggests room 
for additional research. Typically, to fully understand user needs, 
we must understand users in the context of use — this sits frmly 
within HCI territory and the skillset of HCI researchers. There 

exist a variety of methods to achieve this [13], such as interviews, 
focus groups, various favours of workshop, contextual inquiry, and 
observation. Thus, studies enhancing our understanding of diferent 
user groups using both qualitative and quantitative methods present 
opportunities for HCI researchers. 

Once user needs are established and a system or service has been 
designed around these, how to do we ensure that these needs are 
adequately met? Another frequent criticism of climate services is 
lacking or non-existent assessment and evaluation following imple-
mentation [111, 115]. Again, HCI researchers are well positioned 
to address this need via the range of established HCI and UX evalu-
ation methods that have been developed over recent decades [69], 
including various types of usability testing [7], heuristic evaluation 
[79], and cognitive walkthroughs [91]. Furthermore, HCI brings 
with it an ever-expanding body of theories, models, and frameworks 
to help guide design and evaluation and situate research within 
the broader body of research, both within HCI and in felds that it 
intersects [95]. Evaluation forms a central part of the user-centred 
design process (and HCI itself). By conducting robust evaluation, 
we can ensure the validity of research and that interventions fulfl 
user needs. Therefore, this should be integrated into the develop-
ment of climate services to ensure they are truly user-centred and 
demand-driven [68]. 

5.2 Development of decision support tools 
One of the ways that users interact with climate services is through 
decision support tools. These are entry points for users that are 
frequently implemented as geospatial systems or dashboards to 
visualise climate data and information [53], but can take other forms 
such as mobile apps for end users. They can be conceptualised as 
boundary objects between the scientifc information and decision 
makers [107, 123] to enable actionable science [88]. 

Pearman and Cravens [88] interviewed tool creators in the USA, 
and their results again suggested that for these tools to be success-
ful, frequent engagement with users and an understanding of their 
needs and context is essential. However, they also highlighted a re-
liance on informal feedback rather than formal evaluations, which 
could be unreliable and difcult to act on. Note that the interviewees 
worked for relatively well-funded USA government organisations 
who appear to have dedicated tool creators — outside of this setting, 
many decision support tools are created as a way of giving others 
access to their data by researchers themselves, who likely do not 
have specifc expertise in creating efective or usable software [87]. 
This conforms to the "supply-driven" model of climate service pro-
vision where services are based around what scientists can provide, 
rather than a demand-driven one based around stakeholder needs 
[87]. 

Our literature review showed that there is some HCI-relevant 
research in this area, but again it was limited. This therefore leave 
room for signifcant contributions from HCI researchers, who are 
extremely well equipped to realise the demand-driven development 
of decision support tools. A wealth of established user-centred 
HCI and UX methods can be implemented throughout the entire 
development pipeline, from inception through to implementation 
and evaluation. Furthermore, recognising that these tools often exist 
within a broader decision making framework and organisational 
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structure [87], situated studies and contextual methods can be used 
to understand the context of user – again, this is well established 
in HCI. 

5.3 Data visualisation and mapping 
Many decision support tools incorporate Geographical Information 
Systems (GIS) and mapping elements to visualise geospatial data, 
and climate bulletins and forecasts often incorporate a visual ele-
ment to convey their message. Data visualisation is an active area 
of HCI research, e.g. in evaluating visualisation methods [100, 120], 
and visualisations for new and emerging interfaces such as mobile 
devices [63], and virtual and mixed reality [64]. Prior HCI research 
has also focused on the visualisation of geospatial data and GIS 
specifcally, e.g. examining the cognitive aspects of interpreting 
and interacting with GIS [81], evaluating new and existing visu-
alisation techniques [61, 101], and new interaction methods for 
geospatial data such as multi-touch [102] systems and multi surface 
environments [103]. 

Though HCI research has included the visualisation of climate 
change data [40], our literature search suggests that this has not 
been widely incorporated into climate services research. This there-
fore leaves opportunities for HCI research contributions, for both 
data visualisation in general and for mapping elements of climate 
services. Such a gap has also been identifed by the cartography 
research community, who have recognised the need for HCI and 
user-centred methods to move from the concept of a map reader to 
a map user [98]. 

5.4 Understanding decision making and the 
nature of climate service "work" 

Climate services are designed to assist decision making at various 
levels. Researchers would therefore beneft from developing a de-
tailed understanding of the psychology and cognitive processes 
that underpin decision making in various contexts, so that they 
can identify how to support this with technology. HCI has a strong 
record of cognitive psychology-oriented research that implements 
established cognitive models of decision making in the development 
of computer systems [10, 83], and the diferent contexts and users 
in the climate services value chain present further opportunities in 
this area. Furthermore, this could also aid the future development 
of AI decision making tools. 

Though rural end-users in developing countries are often a focus 
of climate services research, there are signifcant numbers of profes-
sionals who are "intermediate users" at diferent points in the value 
chain who are less well studied [94]. For example, these may be ed-
ucated ofce workers working for local governments or NGOs. HCI 
research has previously sought to understand diferent aspects of 
technology-assisted knowledge work, such as crowdworking [97], 
multitasking and interruptions in the workplace [58, 71], remote 
work [22], and healthcare [12]. Climate service users, the tasks they 
perform, and the decisions they make present relatively untapped 
research opportunities in this area. Furthermore, as climate services 
are partly formed from institutional and stakeholder networks who 
frequently collaborate, there are many opportunities for impactful 
research in the area of Computer-Supported Co-operative Work 
(CSCW). 

5.5 Integrating scientifc and indigenous 
knowledge 

Prior research has shown that climate information and its source 
needs to be trusted by users to maximise chances of uptake, and 
ultimately efective action. In some regions of the world, indige-
nous knowledge forms a crucial part of the climate information 
ecosystem, especially for end-user communities — for example, tra-
ditional weather forecasting by assessing the appearance of clouds 
or plants, or reading the intestines of animals, are common in parts 
of Africa [93]. Those who convey this knowledge are trusted and 
respected within their communities, and individuals may then then 
choose to use this information to inform their agricultural decisions. 
Thus, the juxtaposition of traditional knowledge systems and new 
technologies and how they might be integrated present interesting 
challenges for HCI researchers. Though this is certainly not a new 
observation and has been given attention by ICTD researchers pre-
viously [1], there is room for expanding our understanding in this 
area and implementing this in the wider context of climate services. 
Some ICTD work has criticised the subordination of indigenous 
knowledge in relation to scientifc knowledge, often as a result of 
Golbal North-located researchers importing Western agendas and 
ideals [59] 

5.6 New paradigms for climate services delivery 
Adaptation, particularly in the Global South, is primarily a commu-
nity rather than an individual activity. The "personal app" paradigm, 
where tailored information is delivered to an individual through 
a digital service, prioritises individual autonomy [2, 122] and of-
ten may not be appropriate when delivering climate services to 
communities in developing regions. This is for two reasons. Firstly, 
many members of a community may not have access to a digital 
device, and so would be excluded. Secondly, decisions in response 
to such information (such as where nomadic pastoralists might 
choose to move to) are often collective, though interventions are 
often aimed at individuals. As such, a climate service delivered 
over a mobile device can be considered a boundary object [3] to 
stimulate discussion and provide a resource for collective decision 
making within a community. How can a service, and interaction 
with it, be designed with this in mind? Can a service be designed to 
harmonise with existing decision making and information sharing 
practices within the community? Can the service be designed to 
encourage the sharing and involving of more marginalised mem-
bers of the community (particularly women)? Such questions are 
best answered through participatory design approaches, involving 
the community and stakeholders in the process [117]. 

A related question is an understanding of the potential impact of 
any such service on the power structures within a community. Dig-
ital technology is often most used by younger members, while the 
power resides traditionally with the elders. For example, research 
into Chinese farmers found that young people were more likely to 
use technology to access information, whereas older often did not 
use or even own technology [82]. In what ways might the delivery 
of a service reinforce traditional power structures, or disrupt them? 
What is appropriate, and how can any potential problems be miti-
gated? Technology ofers both the opportunity to amplify existing 
inequalities and power structures [114], but also to challenge them 
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by democratising information. Care must be taken in any partici-
patory process to understand these power structures — and hence 
involvement of social science academics and professionals who are 
closely linked to the culture and community being engaged with is 
important in any such research. 

5.7 General technology-lead innovation for 
climate services 

HCI’s focus on new technologies has previously been a source 
of criticism, especially around unsustainable product life cycles, 
pursuing unlikely future scenarios, and general short-termist re-
search practices [104]. However, the discipline’s imagination and 
forward-thinking ethos can also be a great strength in pursuing 
new directions for existing and future technologies. Prior work has 
noted a lack of innovation in climate services research and the need 
to embrace new technologies [57], which could in part-be provided 
by HCI researchers (an example of such imaginative thinking in 
the "artathon" uncovered by our literature search [105]). Specula-
tive design and design fction approaches allow us to imagine and 
critique potential futures [38, 67], and emerging interfaces such as 
touch, haptics, gestures, and speech could ofer new ways for users 
to interact with climate services, and can help overcome language 
and literacy barriers to use. However, this must be conducted in a 
way that is primarily driven by user and community needs rather 
than technology. This may be at odds with funding sources and 
publication cycles in HCI and related felds that can favour the 
application of technologies based on their novelty [86]. 

6 DISCUSSION 
In this paper we have demonstrated the lack of interaction between 
HCI and climate services research through a systematic literature 
search. Our main search revealed only six directly relevant pub-
lications — two from HCI venues and four from climate services 
and climate science venues. Furthermore, only one paper matched 
the term "climate services" directly; the remaining fve contained 
the related term "climate information". To remedy this, we have set 
out concrete ways in which HCI research can contribute to climate 
services research. These are numerous and diverse, and highlight 
how multifaceted the HCI discipline can be, and the wide spectrum 
of skills HCI researchers can ofer. Predominantly, the central theme 
is in understanding users and their needs, and ensuring that these 
needs are met. For a number of years, climate services research has 
repeatedly highlighted the need for user involvement in knowledge 
production and service development [16, 18, 72, 92, 118, 121] (e.g. 
through co-production methods), and a shift from supply-driven 
services based around what scientists can provide to demand-driven 
ones based around user requirements [68]. Despite this, user centred 
approaches are still uncommon, and advances centre on improving 
underlying data rather actionable decision making [41]. Given that 
these are central themes of HCI, we suggest that HCI researchers 
can take their traditional role of "representing the user" [56] in this 
context. Moreover, we would also encourage researchers to situate 
themselves at the centre of climate services projects and advocate 
loudly for user-centred approaches throughout all areas. Not only 
would this fulfl recommendations from the literature to ensure 
climate services that are ft for purpose and ultimately well-used, it 

also makes fnancial sense to avoid developing the wrong service 
for users. While some areas of climate service development require 
particular specialisms (e.g. climate scientists developing models 
or monitoring an observation network), the HCI skillset can be 
cross-cutting in this regard. If successful in this endeavour, HCI 
researchers can make impactful contributions to climate change 
adaptation. 

Though there is a salient need for the skills that HCI researchers 
can ofer, how can this be put into practice? Our literature search 
demonstrated that there is very little interaction between HCI 
and climate services research, so it seems that climate services 
researchers(including climate scientists) and those who understand 
how to design genuinely useful services are not really talking to 
each other. This is demonstrated by the single HCI paper we found 
in our search that mentions climate services ([76]), which specif-
cally states that the authors are not partnered with a local climate 
or weather services, preferring to focus on the technology frst. 
We therefore believe that we should start with communication and 
collaboration with other researchers from academia, governmental 
agencies, non-governmental organisations, and the private sector, 
who currently drive climate services development. Given the need 
for end-to-end consideration of user needs and user-centred pro-
cesses, HCI researchers would ideally embed themselves in projects 
for their entire duration. To some extent, this is a structural prob-
lem reinforced by existing disciplinary boundaries and funding 
sources. As such, we advocate that research funding organisations 
run "sandpits" bringing together HCI researchers with communities 
currently researching climate services, to discuss challenges and 
identify how HCI can contribute. We also advocate that funding 
is made available to involve HCI researchers in the evaluation of 
existing climate services. 

As the Global South is often the focus of climate services research, 
development, and implementation, there is naturally crossover with 
HCID (and ICTD) in this setting. However, it is clear that this is 
not the only area of application for this research, and that there 
are opportunities for researchers who do not currently work in the 
development space. The increasing need for these services mean 
that there are opportunities to explore climate services in other 
settings that HCI researchers are familiar with, and perhaps more 
accessible. Furthermore, though we do advocate for user-centred 
process and HCI involvement throughout project life cycles, there 
are incremental gains to be made on shorter timescales in the areas 
we describe earlier, perhaps without the need for signifcant buy-in 
in terms of time and expertise. 

6.1 Reasons for HCI researchers to pursue work 
in this area 

In the previous sections, we identifed possible reasons for a lack 
of engagement between HCI and climate services, and areas where 
HCI could make valuable contributions. However, aside from what 
HCI researchers can contribute, there are also a number of rea-
sons why they might wish to — we discuss some of these below. 
Climate services research can ofer enticing opportunities for HCI 
researchers, which can enable them to develop existing research 
themes and develop new ones. 
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Responding to climate change. some research areas of HCI are 
working to respond to climate change, most notably the feld of 
sustainable HCI. However, despite the best intentions, impact of 
this research outside of HCI has been low [104], and it can often 
appear quite introspective with frequent meta-discussions about 
previous and future directions (e.g. [45, 62, 104]). Climate services 
research ofers another avenue to further these goals, as well as a 
more direct route to real-world impact. Climate services research 
also provides opportunities to afect system-level change, rather 
than purely persuading individuals to change their behaviour (an 
approach that has often pervaded sustainable HCI in the past [17]). 
Furthermore, research with individual users and their communities 
seeks to empower people to make informed and efective decisions, 
rather than correcting a perceived detrimental behaviour. 

Research with marginalised and underrepresented groups. Though 
we highlight that there are a variety of users within the climate 
services ecosystem, there is a large current and potential user base 
of marginalised communities who rely on particular weather and 
climate conditions for their livelihoods, or who may be especially 
afected by extreme events or adverse conditions [4]. For example, 
farmers around the world rely on rainfall for their crops, and the 
poorest are worst afected when the rain does not come at the right 
times or in the right quantities — they are also less able to recover 
from subsequent unfavourable seasons, as they may not have the 
money or resources needed to fall back on. As well as leading to food 
insecurity and reduced income [99], it can also cause secondary 
efects such as inter-group confict [74]. Other examples are some 
pastoralist communities in Africa, where traditional governance 
systems exclude women from formal decision making [44] and may 
not have the means to access important climate information that 
could improve their lives. 

Foresight of upcoming conditions can help communities pre-
pare, for example in selecting suitable crop varieties, enhancing 
water collection systems, or locating water sources. However, to 
do this climate services need to provide the correct information in 
an accessible way, and that information needs to be actionable — 
a number of issues factor into this, such education, literacy skills, 
culture, and application area. Though the ICTD and HCID com-
munities have been conducting research with the goal of aiding 
marginalised people for a number of years [32], a specifc focus on 
interfaces for climate services that are integrated with the rest of 
the climate services value chain presents additional opportunities. 
HCI researchers can contribute to the design and implementation 
of systems to deliver actionable information based on the needs of 
particular user groups and communities, and in turn, action as a 
result of this can enable people to plan and react more efectively. 
As such, this could present a natural area of expansion for HCID 
researchers specifcally who have a record of community-based 
research [5], but also HCI researchers more broadly. This aligns 
with the "CHI4Good" philosophy of recent years, though care must 
be taken to ensure social good is truly the objective of such research 
rather than merely providing an interesting research context [86] 
or outlet for new technology [5]. 

Interdisciplinary research and collaboration. Earlier in this docu-
ment, we noted that climate services researches tends to necessitate 
collaboration, and this this can be a barrier to entry. However, it 
can also ofer another opportunity for HCI to extend into another 

research space. Many climate services are themselves interdisci-
plinary and previous research has encouraged transdiciplinarity 
[30, 84, 119]. HCI sits at the intersection of a number of other dis-
ciplines and is often seen as interdisciplinary by nature [11, 46] – 
thus, managing collaborations and interdisciplinary research is not 
unfamiliar territory for HCI researchers. 

Situating HCI at the forefront of an increasingly critical feld. HCI 
has continually developed as a discipline [35], and has typically 
been at the cutting edge of developments in many areas of technol-
ogy. However, HCI researchers do not currently seem to have a seat 
at the climate services table. As climate change and a warmer planet 
becomes an every day reality for more and more people around the 
world, these systems are set to be used and relied upon by many 
more people. The year 2022 has seen unprecedented high tempera-
tures and droughts11, even in places that that have not previously 
been afected, such as Weastern Europe12. As such, individuals 
who may have previously only interacted with climate services for 
trivial purposes, e.g. to predict summer holiday weather or decide 
if they need to wear a raincoat, may soon be using these services 
to make decisions about domestic water conservation, or how and 
when to take measures to reduce the internal temperature of their 
home. Thus, this greater number of users and interactions for in-
creasingly critical purposes creates a need for interfaces that are 
ft for purpose and well designed, using sound principles, methods, 
and theories that HCI can provide. 

7 CONCLUSION 
This paper highlights the apparent lack of crossover between cli-
mate services research and HCI, despite HCI researchers having 
especially useful skillsets applicable to many aspects of climate ser-
vices. We suggest possible reasons for this lack of interaction, such 
as lack of awareness between disciplines and barriers to conducting 
this research. We also ofer a number of suggestions for concrete 
ways in which HCI researchers can contribute by applying wide-
ranging HCI skillsets and research methods, and discuss reasons 
why they may wish to do so. However, we also acknowledge that 
climate services research is largely dependant on collaborations 
which HCI researchers have typically not been involved in, and 
establishing such relationships presents challenges. By engaging 
with climate services research we hope that HCI as a discipline can 
make important contributions to climate change adaptation. 
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