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Slow-onset events: a review of the evidence from the
IPCC Special Reports on Land, Oceans and Cryosphere
Kees van der Geest and Romy van den Berg
This paper reviews the evidence on slow-onset events
presented in the Special Report on Climate Change and Land
(SRCCL) and the Special Report on the Ocean and Cryosphere
in a Changing Climate (SROCC), both published in 2019. It
analyses how the reports, and recent literature cited in them,
deal with the eight types of slow-onset events, specified by the
UNFCCC: increasing temperatures, sea level rise, salinization,
ocean acidification, glacial retreat, land degradation,
desertification and loss of biodiversity. The authors used
qualitative data analysis software to analyse the reports, and
for each of the SOEs, they coded and analysed information
about the state, rate of change, timescale, geography, drivers,
impacts, management responses, adaptation limits and
residual losses and damages. The paper provides an overview
of the state of the art on SOEs and helps to identify gaps and
challenges in understanding the nature of SOEs, their impact
and effective management approaches.
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[2]. A reason can be that hazards with a slow onset are often
ignored, while sudden-onset disasters tend to receive more
attention as their effects are more visible [3].
The publication of the IPCC special reports on Climate
Change and Land [4] and on the Ocean and Cryosphere
in a Changing Climate [5] presents a unique opportunity
to review the evidence on slow-onset events. While the
reports hardly use the term ‘slow-onset events’ as such,
they discuss a large body of evidence on the processes
that the UNFCCC Cancun Agreement labels as slowonset events: increasing temperatures, sea level rise,
salinization, ocean acidification, glacial retreat, land degradation, desertification and loss of biodiversity [6]. The
two reports were selected for analysis because they cover
impacts of climate change in on land, oceans and cryosphere and they had recently been published. A finding
from the analysis, however, was that the reports do not
cover the full spectrum of slow-onset events in the same
depth. Loss of biodiversity and salinization, for example,
receive less attention and may be covered in more depth
in other studies and reports.
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Introduction
Article 8 of the Paris Agreement states that ‘Parties recognize the importance of averting, minimizing and addressing
loss and damage associated with the adverse effects of
climate change, including extreme weather events and
slow onset events’ [1]. However, in the emerging body
of research on losses and damages from climate change,
there has been significantly more attention for suddenonset extreme weather events than for slow-onset events
www.sciencedirect.com

A reason that the two special reports do not tend to use the
term ‘slow-onset events’ may be that the term itself is not
accurate. Slow-onset events actually unfold gradually
over time and in that sense, it would be more accurate
to speak of slow-onset changes or slow-onset processes
than of ‘events’ [7,8]. Alternative labels that are used in
the literature are slow-onset hazards, disasters and climate
impacts [9,10,11,3,12,13].1
While some publications, for instance on climate-induced
human mobility [14,15], do distinguish and compare the
effects of sudden-onset and slow-onset events, so far, no
scientific publications have attempted to provide an overview of the evidence on the different SOEs collectively.
This paper addresses this gap with a systemic analysis of
the state of the art on slow-onset events,2 presented in

1
Despite this critical note on the term ‘slow-onset events’, the current
paper does use the term as it has become the common label in UNFCCC
processes and the emerging literature on this topic.
2
In Section ‘Quantitative analysis’ we explain that the two Special
Reports have separate chapters on four of the eight SOEs identified by
the UNFCCC: desertification, land degradation, sea level rise and
glacial retreat. While the report also presents evidence on the other
four SOEs, the authors recommend further research to analyse other
assessment reports such as IPBES [70] for loss of biodiversity and the
forthcoming IPCC 6th Assessment Report for increasing temperatures,
salinization and ocean acidification.
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Figure 1
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Step-wise work flow of the database preparation.

IPCC SRCCL and SROCC, including the state, rate of
change, timescale, geography, drivers, impacts, management responses, adaptation limits and constraints and
residual losses and damages.
The paper is structured as follows: we first discuss the
methods used to analyse the reports, followed by a
quantitative and qualitative analysis of the evidence on
SOEs. The quantitative analysis shows the level of attention for the different SOEs; compares the nature of the
evidence in terms of causes and consequences; and looks
at the emphasis on human versus environmental drivers
and impacts. In the qualitative analysis, we review the
evidence on each SOE separately, describing the nature,
drivers, impacts, responses and residual losses and
damages. Lastly, in the discussion and conclusions section, we reflect on the findings.

Materials and methods
This section describes the methods used to construct and
analyse a database with information about slow-onset
events in the two special reports. Figure 1 shows a graphic
summery of the steps taken to prepare and analyse the
database.
Qualitative data analysis software (MaxQDA) was used
to extract sentences in the reports that mention SOEs.
Such sentences were identified with QDA search
strings that were broader than the exact labels of the
SOEs. For example, to identify sentences discussing
sea level rise, the software did not only look for sentences with the exact term ‘sea level rise’, but also
sentences that include word combinations like ‘rising
seas’, ‘increasing sea level’ and ‘higher sea surface’.
Current Opinion in Environmental Sustainability 2021, 50:109–120

Hits in references, headers, titles, figures, and other
instances where the word(s) conveyed no intrinsic
meaning were excluded.
The 5003 valid sentences were exported to a spreadsheet.
Table 1 shows the number of relevant sentences per SOE
and per special report. In the spreadsheet all sentences
were coded to the categories in which they carried relevant information. The categories are:
 Nature: Information about the state, rate of change,
timescale and geography;
 Driver: Information about the natural and anthropogenic causes;
 Impact: Information about the societal and environmental impact(s);
 Management response: Information about solutions,
policy options and actions, such as such as mitigation
and adaptation, to address SOEs and deal with their
impacts;
Table 1
Number of sentences coded by SOE and Special Report
SOE
Increasing temperatures
Sea level rise
Salinization
Ocean acidification
Glacial retreat
Land and forest degradation
Desertification
Loss of biodiversity
Total

SRCCL

SROCC

Total

616
48
71
2
4
1223
555
91
2610

858
800
54
186
428
37
0
30
2393

1474
848
125
188
432
1260
555
121
5003

www.sciencedirect.com

Slow-onset events: a review of the evidence van der Geest and van den Berg 111

 Loss and damage/limits to adaptation: Information
about situations in which observed or future impacts
of climate change relative to available response
options3 translate into losses and damages to nature
and society.
Within these five categories, labels were assigned to
sentences to allow further cataloguing of the database.
The category ‘nature’, for instance, included labels for
the timescale (past–present–future) and geography
(local–regional–national–continental–global), and the
category ‘impacts’ included labels that distinguish different types of impacts on human and natural systems,
such as impacts on livelihoods, displacement and ecosystem services.
The resulting database serves two purposes. Firstly, it
can be used for quantitative analysis, for instance to
compare the number of instances in which the reports
convey information about anthropogenic and natural
drivers of SOEs. The second purpose of the database
is to facilitate qualitative analysis. In the spreadsheet,
users can filter columns to only display text from the
reports that convey information about a specific topic.
To find information about the impacts of observed
temperature increase in Africa, for example, the user
selects ‘increasing temperatures’ in the SOE column;
‘past’ and ‘present’ in the timescale column; ‘impacts’ in
the category column; and ‘Africa’ in the geography
column.

Results
Quantitative analysis

As Table 1 shows, the two IPCC Special Reports show
significant differences in the level of attention for
the eight SOEs. For example, SRCCL had separate
chapters on land degradation and desertification, and
SROCC had a separate chapter on sea level rise. Also
in SROCC, the chapter on high mountain areas has
detailed information on glacial retreat. By contrast, the
3

There is no official, universally accepted definition of losses and
damage [95]. Some definitions do not clearly distinguish L&D from
impacts of climate change [96]. UNFCCC [97], for example, describes
loss and damage as ‘the actual and/or potential manifestation of impacts
associated with climate change in developing countries that negatively
affect human and natural systems’. Similarly, in the SROCC Glossary,
losses and damages are broadly described as ‘harm from (observed)
impacts and (projected) risks’. From an analytical perspective, however,
there is no added value in using a new term/concept (loss and damage) if
it does not differ sufficiently from an existing term/concept (impacts).
Therefore, most definitions of loss and damage used be researchers
emphasize that losses and damages refer to impacts relative to available
response options [96]. Zommers et al. [8], for example, define losses
and damages as adverse effects that ‘cannot be or have not been avoided
through mitigation or managed through adaptation efforts’. In the
coding process for the present analysis, we categorized text under ‘loss
and damage’ when it conveyed information about limited response
options to avoid impacts and when the terms loss and damage were
used literally.
www.sciencedirect.com

other 4 SOEs — increasing temperatures, salinization,
ocean acidification and loss of biodiversity — were
cross-cutting issues in the reports and evidence on
these SOEs is much more scattered across the
chapters.
Figure 2 shows, for each SOE, the percentage of coded
sentences that convey information about the nature,
drivers, impacts, responses and loss and damage. The
numbers do not add up to 100% because one sentence
could be coded in different categories. The figure
reveals significant differences between the SOEs. In
the case of loss of biodiversity, for example, the reports
include much more information about drivers than
about impacts. The contrary is the case for glacial
retreat and ocean acidification, where much more
emphasis is on the impacts than on the causes.
Another key finding of Figure 2 is that the reports
include significantly less information on responses
and losses and damages than on impacts and drivers.
The exceptions are land and forest degradation and
desertification. For these SOEs, and to a lesser extent
also sea level rise, the reports put more emphasis
on management responses, such as prevention and
adaptation.
Figure 3 shows differences between SOEs in terms of
attention for natural and human or anthropogenic
drivers and environmental and societal impacts. The
reports discuss human drivers more often in the case of
increasing temperatures, land and forest degradation,
desertification and loss of biodiversity. Natural drivers
receive more attention in the case of glacial retreat, sea
level rise, ocean acidification and salinization. The
third category (mixed drivers) involves text in which
a combination of human and natural drivers is
discussed, which was most frequent in the case
of land and forest degradation, desertification and
salinization.
For increasing temperatures, glacial retreat, ocean acidification and loss of biodiversity, the focus is more on
environmental than on societal impacts. By contrast, for
land degradation, desertification, sea level rise and
salinization, there is more attention for societal impacts.
The third category consists of text in the report that
discuss how impacts of SOEs drive changes in other
SOEs, which was most frequently the case for increasing temperatures, sea level rise and land and forest
degradation. Examples include increasing temperatures causing sea level rise; sea level rise causing
salinization; and land and forest degradation causing
loss of biodiversity.
Qualitative analysis

In this section, we review, for each SOE, key findings
from the special reports. We describe the nature of the
Current Opinion in Environmental Sustainability 2021, 50:109–120
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The percentage of coded sentences by SOE and code category.
Note: The category ‘Nature’ includes information on the definition, geography, timescale, state and rate of change of the SOE.

SOEs and the drivers, impacts, responses, adaptation
limits and constraints, and residual losses and damage.
The level of detail varies between SOEs, according to the
attention given to each in the special reports.
Increasing temperatures

The special reports discuss increasing temperatures at
different temporal and spatial scales: observed and
projected; terrestrial and marine; global, regional and
local. Since the pre-industrial time (1850–1900), the
global mean surface temperature has increased by
0.87 . The rise in temperature has been even more
pronounced over land: 1.53 (SRCCL: 7). In the Arctic,
temperatures have increased more than double the
global average over the past two decades [16,17].
The main drivers of increasing temperatures are greenhouse gas emissions and land use change, including
albedo effects [18,19]. An important effect of the gradual increase of temperatures is that the frequency of
extreme heat events also rises. For instance, SRCCL
cites research by O’Neill et al. [20] who find that in
2035 daily temperature maxima exceed the 90th
Current Opinion in Environmental Sustainability 2021, 50:109–120

percentile of 1961–1990 temperatures on more than
25% of days. The impact of increasing temperatures
is discussed extensively, and there is ample attention
for environmental impacts, including changes in ecosystem functioning and biome shift due to warmer
temperatures, particularly at higher latitudes. The
reports describe how specific species react to this in
terms of productivity and behaviour [21,22]. Response
options, discussed in the SRs, mostly involve reducing
global warming by cutting GHG emissions (SROCC p.
115, SRCCL p.136). Terminology used often is that
warming should be limited to well below 1.5 C or 2 C.
Most future scenarios that aim to achieve this rely on
bioenergy, carbon capture and afforestation [23]. The
reports are critical about the use of bioenergy, which
would require conversion of large areas of land to
bioenergy crops, which could lead to short-term carbon
losses. Another set of response options involves adaptation to higher temperatures. Tree planting is one such
option [24,25]. To deal with extreme heat events in
Melbourne (Australia), for instance, a 10% increase in
vegetation cover helps to reduce temperatures by one
www.sciencedirect.com

Slow-onset events: a review of the evidence van der Geest and van den Berg 113

Figure 3

Incr. temperatures

Desertification

Land and forest degr.

Sea level rise

Glacial retreat

Ocean acidification

Loss of biodiversity

Salinization

Current Opinion in Environmental Sustainability

Sentences conveying information about environmental and human drivers and impacts.
Note: The scales of the vertical axes vary according to the total number of coded sentences per SOE.

degree [26]. The reports also describe situations
where adaptation limits are encountered. In some drylands of the Mediterranean and North Africa, for example, Haddeland et al. [27] find that a 2.5 C–3.5 C
temperature increase may lead to a situation in which
migration becomes the only adaptation option for people. For corals, limits to adapt to ocean warming and
acidification may already be reached this century
(SROCC: 325). SRCCL further states that delaying
climate action can result in temperature increases that
www.sciencedirect.com

would cause irreversible losses and damage to ecosystems (SRCCL: 34).
Sea level rise

In its definition of sea level rise, the IPCC refers to four
distinct causal processes, which operate at different spatial and temporal scales. The first two relate to changes in
ocean water volume due to (1) glacier and ice sheet melt,
and (2) expansion of ocean volume due to higher water
temperature (thermal expansion). Besides changes in
Current Opinion in Environmental Sustainability 2021, 50:109–120
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water volume, sea level change can also be caused by
changes in the shape of the ocean basins and changes in
the Earth’s gravitational and rotational fields. And lastly,
local subsidence increases relative sea level (SROCC:
696). According to SROCC, the first process makes
the largest contribution to contemporary global SLR
(SROCC: 323). Three of these four causal processes have
underlying human causes, particularly anthropogenic
global warming and local land and groundwater extraction
[28,29]. Over the past century, sea level rise amounted to
1 2 mm per year in most regions, but has now accelerated to 3 4 mm per year (SROCC: p. 327). Projections of
future SLR usually refer to Representative Concentration
Pathways (RCPs). Globally, SLR is projected to amount
to 4 9 mm per year under RCP2.6 and 10 20 mm
per year under RCP8.5 by the end of the 21th century
(OCC: 327).
An adverse effect of sea level rise is that it compounds
impacts of sudden-onset events, such as cyclones
and coastal inundation [30,31]. Geographically, most
attention goes to impacts of SLR on small islands
states and densely populated coastal areas, particularly
in Asia, Europe and North America. SROCC discusses
several adaptation options, including ecosystem-based
adaptation and coastal protection. It is acknowledged
that coastal ecosystems have a medium capacity to
naturally adapt to sea level rise, when the onset is not
too sudden [32]. The report also documents cases of
maladaptation when ecosystem-based adaptation
and coastal protection have adverse effects [33,34].
According to SROCC, the limits to adaptation are
mostly societal (economic, financial, social barriers)
rather than technical, which poses important governance questions [20]. Graham et al. [35] identify five
types of social values at risk from sea level rise: health,
feeling of safety, attachment to places and people,
self-esteem and self-actualization. These categories
are also relevant for discussions on non-economic loss
and damage due to other climatic stressors, including
slow-onset events.
Salinization

Salinization is the process by which a non-saline soil
becomes saline. The SRCCL glossary defines saline soils
as ‘soils with levels of soluble salts (..) high enough to
negatively affect plant growth’. The report cites research
by Wicke et al. [36] who suggest that globally, approximately 11 million square kilometres of land (7.4%) is
affected by salt. Much of the research that the reports
discuss looks at salinization in Asia. The principal drivers
of salinization are sea level rise and irrigation (SROCC:
378; SRCCL, 347). Impacts of salinization include land
degradation and desertification, biodiversity loss, and
adverse effects on agricultural production, livelihoods,
freshwater resources and health [37–39]. Two types of
responses to salinization are discussed: prevention and
Current Opinion in Environmental Sustainability 2021, 50:109–120

adaptation. As preventive measures, the reports often
mention the use of more effective irrigation techniques,
managing groundwater and installing proper drainage in
irrigated fields [40–42]. Adaptation strategies include
switching to salt-tolerant crops or in extreme cases
switching livelihood systems from agriculture to aquaculture [43,44].
Ocean acidification

In the process of ocean acidification, CO2 dissolves in
seawater. As a consequence, the pH decreases, which
has negative consequences for marine life and causes
coral bleaching [45]. In the past three decades, 20–30%
of anthropogenic CO2 emissions were absorbed by
oceans, leading to a pH decline of 0.017–0.027 per
decade (SROCC: 469). Over the 21st century ocean
acidity is projected to increase at even higher rates, up
to 71–91% under RCP8.5 [46]. The impact of ocean
acidification is discussed mainly in relation to loss of
biodiversity. It causes calcification of organisms and
affects fish species, invertebrates and corals. Limits
to adaptation will be reached this century under all
emission scenarios for certain species [47], particularly
corals [48,49]. SROCC pays less attention to the human
impacts of ocean acidification, but there is some
evidence that it will cause a decline in catch for the
fisheries sector [50,51]. Research by Ekstrom et al. [52],
for example, estimates that ocean acidification generated revenue losses of 110 USD to the oyster industry in
the Pacific.
Glacial retreat

Glacial retreat occurs when the snow and ice mass of
glaciers melt at a faster rate than they accumulate. As a
result, the end of the glacial tongue ends at a higher
elevation. When the mass of snow and ice reduces, this
alters the flow of meltwater rivers, with adverse effects
on water availability for irrigation (e.g. Refs. [53,54]).
SROCC reports that it is very likely that the main driver
of glacial retreat is atmospheric warming [55,56]. Geographically, evidence of glacial retreat is given primarily for the polar regions (particularly the Greenland Ice
Sheet and Antarctic Ice Sheet) and high mountain
areas in the Andes, Himalaya and Alps. Jointly, for
the period 2006–2015, the average annual mass loss is
estimated at 653 Gt, which translates to 1.81 mm sea
level rise each year (calculated from SROCC: 6).
Projections of glacier mass losses up to 2100 amount
to 18% under RCP2.6 and 36% under RCP8.5. The
rate of change will be much faster in mountain areas
with relatively small glaciers, compared to the larger
land ice masses in the polar regions. The contribution
of small glacier shrinkage to global sea level rise is
modest, but local and regional impacts on streamflow,
ecosystems and agricultural livelihoods can be severe.
In the short term, streamflow temporarily increases
when glaciers melt faster, but in the long term, it
www.sciencedirect.com
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produces a more permanent decrease [57,58]. Glacier
retreat also affects stability of mountain slopes and
increases the risk of Glacier Lake Outburst Floods
(GLOFs) [59]. The tourism sector, and particularly ski
resorts, will experience severe economic impacts from
glacial retreat. Under RCP 8.5, for example, it is
projected that by the end of the 21st century, snow
reliability will be too low for most ski resorts in the US
and Europe to be viable [60,61]. One economic sector
that may benefit from glacial retreat is the mining
industry as snow and ice melt can increase accessibility of potential mining areas [62]. As halting glacial
retreat in the short to medium term is impossible,
SROCC mainly discusses reactive response options.
In agriculture, for example, these include the adoption
of new irrigation technologies and water conservation
measures, improving water storage infrastructure and
changing cropping patterns [63]. In the case of glacial
retreat, SROCC discusses adaptation limits and constraints in relation to habitability, human migration
and displacement [64]. It documents evidence of
communities who were forced to leave their homes
because irrigated agriculture was no longer viable or
because of increased risk of natural hazards, such as
GLOFs and landslides [65–67]. While the report notes
the paucity of empirical evidence on loss and damage
in high mountain areas, it does highlight the cultural
values that people place on mountain landscape environments, which may be altered irreversibly as a result
of glacial retreat [68].
Land and forest degradation

SRCCL defines land degradation as ‘a negative trend in
land condition (..), expressed as long-term reduction or
loss of at least one of the following: biological productivity, ecological integrity or value to humans’ (SRCCL:
817). Forest degradation is land degradation in forested
areas. Global rates, severity and extent of land degradation are hard to quantify. The SRCCL cites a review
by Gibbs and Salmon [69] who found that 10–60 million
km2 (8%–45%) of ice-free land has been degraded
worldwide. According to IPBES [70], 3.2 billion people
worldwide are affected by land degradation. Land degradation in Asia, Africa and South America is discussed
more than in other continents. The drivers of land
degradation most often considered in SRCCL are
human-induced processes including anthropogenic
climate change. Other human drivers include the
expansion of agriculture into unfit soils, growing food
demand and unsustainable land and forest management
practices. The impact of land and forest degradation is
discussed thoroughly, with effects on society and the
natural environment receiving similar levels of attention. Environmental impacts are frequently discussed
in relation to the ecosystem services they provide to
humanity [71,72]. A response to land and forest degradation is formulated under SDG15 and its objective to
www.sciencedirect.com

‘protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat
desertification and halt and reverse land degradation
and halt biodiversity loss’ (SRCCL: 388). Land degradation neutrality (LDN) and sustainable land management (SLM) are central concepts in this effort.
Concrete land management measures include growing
green manure crops and cover crops, crop residue
retention, zero tillage, use of locally adapted varieties,
inter-cropping, crop rotations, and maintenance of
ground cover through improved grazing management
[73]. There is consensus that preventing degradation is
preferable over restoring degraded land [74]. SRCCL
notes that there is still a lack of knowledge on adaptation limits, but does give a few examples where land
degradation exceeds such limits, such as in the case of
coastal erosion exacerbated by sea level rise and thawing of permafrost. When the report discusses losses and
damages, the focus is predominantly on economic
losses, but loss of indigenous knowledge, cultural identity and emotional wellbeing also receive some attention (e.g. Refs. [75,76]). SRCCL further states that
delayed action on land degradation can lead to irreversible biophysical and human outcomes.
Desertification

Desertification is land degradation in arid, semi-arid
and dry subhumid areas as defined in the Global Land
Outlook of UNCCD. The lack of a ‘non-desertified’
reference state [77] and the complexity of interactions
between social, economic, and environmental systems
[78] makes it hard to quantify and map desertification.
Evidence of desertification is given most prominently
for Asia and Africa, where 70% of the worlds’ drylands
are located (SRCCL: 253). When expressed as a reduction of biomass productivity in dryland areas, research
by Le et al. [79] suggests that 9.2% of global drylands
has experienced desertification between the 1980s and
2000s. Historically, desertification was considered as a
purely human-driven process (SRCCL: 258). Currently
there is a better understanding of how different human
and environmental processes interact to drive desertification [80,81]. The impacts of desertification are mostly
discussed in relation to the decline in ecosystem
services it entails, and the implications for the livelihoods of natural resource-dependent populations [82].
Response measures to combat desertification include
avoiding, reducing and reversing it. When this is not
successful, the next response is to adapt to it. As in the
case of land degradation, sustainable land management
(SLM) is a key concept in combatting desertification
[83]. Prevention is preferable as it is less costly and
difficult than restoring degraded land, and it reduces
the risk of maladaptation [74]. However, efforts
to avoid desertification are often hampered by biophysical constraints, such as water availability, and
social, economic and institutional constraints. When
Current Opinion in Environmental Sustainability 2021, 50:109–120
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desertification cannot be or has not been avoided,
common adaptation options are migration and
livelihood diversification [84,85]. These options can
increase people’s resilience and improve their food
and livelihoodsecurity, but entail the risk of cultural
losses in terms of the possibly irreversible disappearance of a ‘way of life’ [86].

Loss of biodiversity

The two IPCC Special Reports define biodiversity as ‘the
variability among living organisms from all sources
including, among other things, terrestrial, marine and
other aquatic ecosystems and the ecological complexes
of which they are part; this includes diversity within
species, between species and of ecosystems’ (SROCC:
806; SRCCL: 679). Loss of biodiversity occurs when this
variability reduces. The reports do not provide much
detail about current and future rates of biodiversity loss
at global or regional levels, but SRCCL does cite research
that shows that current losses are already far above
historical rates [22,87,88] and that climate warming will
further accelerate losses of species diversity [89]. The
impact of climate change on biodiversity loss is not a new
topic. In 2005, the Millennium Ecosystem Assessment
already stated that ‘climate change is likely to become
one of the most significant drivers of biodiversity loss by
the end of the century’ Other drivers commonly mentioned in the reports are land degradation and desertification, which destroy species’ habitats [90,91]. Both SRs
focus much more on the causes of biodiversity loss than
on the consequences and management options. One
impact of biodiversity loss that the reports do emphasize
is declined functionality of ecosystem services, for
instance in carbon sequestration [92], provisioning services [93] and the capacity to adapt to further climate
change [94]. The special reports mostly discuss biodiversity loss in relation to other SOEs, usually as an outcome
of these processes, but sometimes also as a trade-off or
co-benefit of responses to the other SOEs. For instance,
growing biofuel crops to reduce GHG emissions and
global warming can have adverse effects on biodiversity.
By contrast, ecosystem restoration and reforestation to
combat desertification can have positive effects for
biodiversity.

Conclusion
This paper reviewed the evidence on slow-onset events
in the Special Report on Climate Change and Land
(SRCCL) and the Special Report on the Ocean and
Cryosphere in a Changing Climate (SROCC). For each
of the eight SOEs that the UNFCCC distinguishes, it
analysed information about the state, rate of change,
timescale, geography, drivers, impacts, management
responses, adaptation barriers and losses and damages.
The review found significant differences in the level of
attention for the eight SOEs, and the emphasis on
Current Opinion in Environmental Sustainability 2021, 50:109–120

drivers, impacts, responses and residual losses and
damages.
Many of these differences are understandable and justifiable and do not necessarily imply knowledge gaps. For
example, it makes sense that the IPCC discusses more
evidence on sea level rise than on biodiversity loss
because the former was a key focus of SROCC while
the latter is the main focus of another intergovernmental
body, the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES), which was
not included in this analysis. Another difference identified in the results section is that SRCCL looks more at
human drivers of SOEs while SROCC pays more attention to natural drivers. In our view, this is understandable
because localized human activities on land, such as agricultural expansion and extraction of water for irrigation,
have significant impacts on land and forest degradation,
desertification and salinization. For the SOEs that
SROCC primarily focuses on — sea level rise, glacial
retreat and ocean acidification — human activities play a
more indirect role, by causing global warming.
An important finding from this paper is that the reports
primarily discuss the nature, drivers and impacts of
SOEs, while significantly less attention goes to management responses to avert, minimise and address the
adverse consequences of SOEs. To inform policy and
action on climate change and its impacts, research evaluating the effectiveness of different management
options and responses is essential and needs to be
developed further.
There is even more paucity of information about the
limits and constraints to adaptation and residual losses
and damages resulting from slow-onset events. The
research on loss and damage is still emerging and some
of the potential losses and damages from climate change
have not yet been assessed and categorized. Particularly
loss and damage from slow-onset processes is an emerging
topic with a lot of knowledge gaps. This is something the
IPCC itself also acknowledges. SROCC states for example: ‘More work is required to explore the range of
activities available for responding to L&D resulting from
slow onset processes’ (SROCC: 630). It is now up to the
research community and funding agencies to take up this
important work.
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