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CSQ-32 Summary
Question Knowledge Advancement Geophysical Observables Measurement Tools & Models Policies / Benefits
Objectives Requirements
Where are the | A) Identification of the alerts As an output from model results, | Critical Models exist, but New observations

alerts
(pointed out
by predictive
models)
where
observations
can be
focused, and
how can
observations
be guided to
verify the
trends to
tipping points
indicated by
the models?

pointed out by predictive
models, and the associated
geographical extension and
temporal scales of each alert

key geophysical variables where
models are more sensitive to
changes can be identified.

The conclusions can be model-
dependent and probably require
some reanalysis given the

different sensitivity of each model

to different geophysical inputs.

dependence on
model capability to
simulate some of
the effects,
particularly for
regional sales

global models must be
complemented with
regional models to
make possible a direct
coupling to more
detailed observations

B) Identification of observations
explicitly oriented to verify
specific trends suggested by the
models

Since models need to be validated

with current available datasets

before they can be used in a

predictive mode for the future,

key current observations are:

v Time series of surface
temperature over extended
geographical areas

v" Time series of sea area extend

v Time series of glacier
extension and motions

v Time series of vegetation
fraction al cover over boreal
forest and Amazonian
rainforest

Time series long
enough (ideally
more than 30
years). This is
possible for some
records, even
satellite data, but
not for all the
variables needed
as inputs by the
climate models
Accuracy in some
key geophysical
variables may be
bot enough to be
used for tipping
points, due to the
high sensitivity to
small changes in
input variables

Tools are available,
both in terms of data
(time series with
associated
uncertainties) and in
terms of models, but
the length and
accuracy of the
datasets may be not
adequate for this type
of models with high
sensitivity to inputs
variables (tipping
behaviour).

leading to an
improved knowledge
of tipping points
effects, temperature
threshold and spatial
and temporal scales
of the predicted
effects, will be
extremely beneficial
to establish potential
actions early enough
to be effective.
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C) Exploitation of current
available time series and
datasets to validate model
behaviour at the associated
spatial scales

While time series for some
geophysical variables already exist,
the usage in tipping point models
is not straightforward, due to the
specific sensitivity of tipping point
behaviour to small changes in
input data.

Accuracy in time
series must be
adequate to detect
the small changes
that are
characteristic of
tipping point
behaviour

Model exist, but
sensitivity to small
changes in input
parameters need to be
analysed in more
detail

D) Usage of guided observations
to reduce uncertainties in model
predictions

New observations (either field,
airborne, or satellite observations)
can be explicitly planned to test
specific model predictions and to
improve model implementation

Time series are
needed in all cases,
and the accuracy
required to detect
trends to tipping
points can be quite
demanding,
particularly for
time series with
less than 30 year
records.

Model exists, but
uncertainty still too
high to make possible
the coupling to
specific observations
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CSQ-32 Narrative

Tipping points are not directly measurable, but are predicted by climate models, ideally over long-term
scales with enough anticipation to be still in time to establish corrective actions. What is really
important is the identification of how the system changes before reaching the tipping point, or the
pathways that may lead to the risk of being close to a tipping point, then introducing mitigation actions
over such pathways that may lead to a tipping point well before there is too late.

Given the fact that identification of tipping elements, and the associated tipping points, must rely
necessarily in climate models, the output of such models should guide the observations, focusing them
on the most critical geographical areas, and spatial and temporal scales where observations are more
critical, or focusing the observations on specific processes pointed out by the alerts provided by the
climate models. Being able to measure how resilient the system is when approaching a tipping point
is also relevant to focus the observational strategies.
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Fig. 5-1: (left) Location of climate tipping elements in the cryosphere (blue), biosphere (green), and
ocean/atmosphere (orange), and global warming levels at which their tipping points will likely be
triggered. (right) Earth observations pointed out to better monitor the behaviour of tipping points.

In a first step, such observations can mostly serve to validate the models using current data and to
help developing models with a better description of geographical extensions and spatial and temporal
variances. Over time, the observations can verify the model predictions and help refining the models
as needed. Animportant aspect in all cases is to account for uncertainties and error propagation, both
the in the models and in the observations, something often not accounted for in a proper manner.

Identification of areas where changes are more likely to happen, and what changes can readily be
observed, is already a major step. But dealing with tipping point effects and identification of thresholds
and impacts will probably require the development of new observation capabilities. The identified
deficiencies in the models, or areas in the models known to have a large uncertainty, can guide the
definition of new global observing systems. In the case of tipping points, long time series to detect
trends in changes is more important than short-term sophisticate new technologies to measure new
type of information, but new temporal observation strategies can be explored, and also the role of
data processing and model-data integration should be improved as well.

An important aspect on where to focus observations is the definition of safe boundaries for
interactions of multiple tipping points. This is a topic that is deserving special attention in the last
years, related to the possibility of activating several multiple tipping points at the same time and what
would be the effects. The combined analysis of multiple tipping points also tries to determine which
the dominant ones are or which are the ones that due to particular risk deserve the focus of the
attention in order to focus observation strategies.
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Fig. 5-2: Boundaries of safe overshoots for multiple tipping points (Ritchie P. D. L., et al., 2021)

The diagram in Fig. 5-2 shows the boundaries of safe overshoots for multiple tipping points, as a
function of the peak global warming temperature and the time to convergence at 1.5 degrees warming
goal. Above and right of the individual curves the tipping cannot be avoided, below and left indicate
the safe zone. The grey-shaded region indicates the safe zone for all tipping points. Different grey
shades indicate the boundary of the safe zone if the threshold for all tipping elements were 0.1 °C
lower.

As indicated by the results plotted in the Fig. 5-2, one can conclude that ice cap and forest dieback
dominate the safe zone. Then, those two would be the critical ones to be studied in more detail, and
where observations can be definitely focused.

However, results are for sure model-dependent and should be interpreted with caution, more research
is needed before coming to premature conclusions.

Given the limited temporal extent of time series of satellite data, covering 4-5 decades in the best
cases, the direct monitoring of trends and indicators for the activation of tipping points is restricted to
tipping points with fast evolution over decadal time scales (such as winter sea ice in the Arctic, forest
dieback for both tropical and boreal forest, or Arctic permafrost), although some potential proxy
indicators can be also used to monitor processes when direct observations are not possible. Moreover,
current time series of observations can also serve to better validate models and the use the model in
a more precise predictive way.
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