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Past Accomplishments of the Science

The 1970s

d Vector super-computing is born
J Satellite data transforms the field
d Global warming is simulated




Past Accomplishments of the Science

The 1980’ s
d Land models are being developed and are
coupled to atmospheric GCM

The 1990s

Parameterization testing becomes organized
Reanalysis begins

The carbon cycle enters the models
Aerosols and chemistry enter the models
The IPCC Assessments begin

Operational seasonal prediction begins
Moving from uncertainties to probabilities

The 2000’ s

d Ensemble simulations, stochastic approach

d Biogeochemistry is coupled to the physical climate
d Very high resolution global models are integrated
d CMIPs and CORDEX
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Input to International Negotiations

 The research, based largely on climate

projections, has found that, to keep warming
velow 2°C, the total emission of CO, should be
imited to 1000 Gt CO.,.

* International negotiations will have to see how to

develop an international policy driven by this
constraint.

* But, this information is not sufficient to develop
regional, national and local mitigation and

adaptation policy. Here risks and timeframes are
Important aspects.




Regional climate downscaling - CORDEX

* Coordination of regional climate modelling
* Evaluate & improve downscaling techniques
* Support vulnerability, impact, adaptation

* Direct engagement with stakeholders

wcrp-cordex.ipsl.jussieu.fr/ N



Assessing Impacts of Climate Change

Ocean Physical impacts O Biological impacts Impacts on managed systems
- | ar X
= I Ranwe shilts of fish a.ll..' I ----------------------------------
Increased thermal o | macroalgae o) | - -
stratification (wery |'|1]33E'-5_mjrﬂﬁl?lﬂ_ﬂ;.-] ich N
—  hightvery hight |- =+ Exparsion of hyporic - » FECIs TIgRVNgh i
(Ocean Eoives (redimion) p] Fegional changes in !
whace oo TTTTmTEmceee * species abundange f-----------------coooooes
Aliace o] Increased coral mortality and I {high/medim)
WrarTmiRg bleaching (very hignihigh i
»| Inaeased primary production at
- " high latitudes imedium/medium)
ﬂﬁ‘:‘:;;i A Arctic sea r;f:erellvfﬂ =l
- L ey highhigh
croulation dhenges — | Changes in spacies
" | ridhness (hghvimediven)
Forests High elevation islands Westzrm Morth America ] Western Sahel
CoTTTTmm T Upiward shift in fauna
| L] lII
R Upward Shift in Teelings ===« == -» owriow)
Atmospheric warming f-222°"" "% (fowwloww]
Y
E """""""""""""""""" Incraased tree mortality
e »| [NCrEAseininectpests | (mrodivmdow)
b LR |
(medivmiow)
Precipitation changes f—on—» — :
g d Increased soil moisture drought | Deaeased tree density
[medicmyimedim) (mediurmdmedivm)

Changes in
fishery yields
oo



Dynamic Adaptive Policy Pathways

1. Analyse objectives, Scenarios and
iliti vulnerability maps
reassessment, vulnerabilities &

if needed opportunities using
scenarios

2. Identify actions and
assess efficacy, sell-
by date of actions

Learn and

Adaptation
Tipping Points
and Pathways

Development of
Adaptive Plans || reassessment,

1 if needed

d. Implement [ Institutional, 3. Develop and Economic

takeholder, .
lan > ’ : Evaluation
Y financing, legal evaluate adaptation

analysis, pathways and map

4. Design of an
adaptive plan, inc.
preferred pathways '
and triggers

lAﬂer HaasnoPt et al. (2013) Glob. Env. Change. 10.1016/j.gloenvchaf012.12.006 ) :



The Example of Water Availability



Water Security: key challenges of the 21st century
Some key facts

85% of the human
population live in
arid areas. By
2030, half of the
population will be
living In areas of
high water stress.

6-8 million
human beings
are killed each

year from
water-related
disasters and

diseases.

750 million
people lack
access to safe
water, while
nearly 2.5 billion
people lack
access to
adequate
sanitation.
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Nearly 80% of the world’s population is exposed to high levels of threat to water security.
Massive investment in water technology enables rich nations to offset high stressor levels
without remedying their underlying causes, whereas less wealthy nations remain vulnerable.
Vorosmarty et al. (2010):

Incident human water
security threat

Global and regional geography of incident threat to human water security (Vorésmarty et al., 2010)



The Responses:
6 Themes, 3 Axes

Improve knowledge and innovation to address water security challenges.

Axis 1:
Mobilizing International cooperation to
I m p rove Improve knowledge and innovation to address
kn owledge water security challenges
and innovation
ADDRESSING

to address WATER SCARCITY
WATER-RELATED i

water security DISASTERSAND ~ GROUNDWATER o117y

HYDROLOGICAL ~ IN A CHANGING
C h a I I en g es CHANGE ENVIRONMENT

Developing
institutional
and human
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Enhancing policy Bl
advice to reach
water security at
local, national, -
regional and
global levels.

{{{ WATER SECURITY, ADDRESSING LOCAL, REGIONAL AND GLOBAL CHALLENGES >)>)

Strengthening the Science-Policy interface
to reach water security at local, national,
regional, and global levels

Axis 2: Developing institutional
and human capacities for water
sustainability innovation




Future Earth Themes

Transformations
towards
Sustainability

/ N\

Global e Dynamic
Development Planet

And cross-cutting issues: Observing systems, models, theory
development, data management, research infrastructures



Co-Production of Knowledge

* “Local knowledge” should be combined with
“scientific knowledge” to constitute relevant

information.
* Who is providing the “local knowledge”?

* Are the stakeholders ready to join and really
contribute to the development of climate
services? It may not fit their business model.



The Elements of a Climate Service

Research,
Modeling
& Assessments

Observations &
Monitoring

Climate Services

Adaptation &
Mitigation

Resource Risk
Management
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How to transform climate projections into
"useful” information

e Stakeholders look at the questions from a
different perspective:

* 90 degrees rotation of the climate projection
graphs

 How much climate change can society cope with?

* Response planning requires that we estimate in
which timeframe climate change will occur.



Adaptation Tipping Point & Use by date of policy action

A stress test: How much (climate) change can we cope with?
When do start to achieve missing our objectives?

Navigability
RiSk, Q, h E Tenmimartot:
Time scenario A 2050 ! =) ™
™ : 1 el
[} Tenminste houdbaar tot :
Time scenario B 2060 ) 2060
L

[Model based, participatory and/or with expert judgement ]
Kwadijk, J.C.J. et al 2010 WIRES Climate Change DOI: 10.1002/wcc.64, Haasnoot et al 2012 Climatic Change




How to transform data uncertainty
into risk management tool.

* This is typically the area where a strong
consultation and interactions with end-users
are required.



From Uncertainties to Risk Management

Dispersion of model

results is different Climate Change Adaptation
from uncertainties

Uncertainties — | —> Risks
Climate Climate . Economic
Impacts: o Risk and
System | Water. E Vulnerability | Benefits | System
Analyses and ater, Energy, Physical, Social . Sustainable
Health, Economic costs

Projections Agriculture, etc.

Disaster Risk Management

development



Levels of uncertainty

1. Single possibility ;
1. Multiple alternatives with é ;\ \
likelihoods (probabilities) c = =
2. Multiple alternatives without Ik’
likelihoods
t
3. Known unknowns W
P

4. Unknown unknowns (the real risk!)

Courtesy, Warren Walker, Marjolijn Haasnoot
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Extend the Analysis

Traditional Approaches
(Level 1-3 Uncertainty)

Make

assumptions

¥

Predict
outcomes

¥

Choose

policy

The DAP Approach
(Level 4 Uncertainty)

Propose
policy

¥

Identify
vulnerabilities

L 2

Assess options
for reducing
vulnerabilities

From Jaap Kwadijk



Sectoral and regional policy makers:
What is the added value of regional
projections?

* High-resolution (regional) climate models are providing
more robust results in regions of complex topography
and probably in regions of complex land surface. But,
basically, climate variability is essentially a global
problem (teleconnections, etc.)

* The regional climate community is well organized
(CORDEX).

* |tis unclear if the uncertainties in the regional models
are lower or larger than in the output of the global
climate models.



Decision makers work on a 5-10 year
timeframe.
What can we offer them?

* There is a strong demand from stakeholders
(health, agriculture, tourism, energy, etc.) to
receive predictions of interannual variability on
the scale of a few years.

 The science on this issue is very young, but it is
evolving very rapidly. This question represents a

grand scientific challenge with high economic
relevance.

* Perturbed Parameter Ensembles (PPE) and Multi-
Model Ensembles (MME)



Joint Scientific Committee | Joint Planning Staff |
Modeling Advisory Council Data Advisory Council

Working Groups on: Coupled Modelling (WGCM), Regional Climate (WGRC],
Seasonal to Interannual Prediction (WGSIP), Numerical Experimentation (WGNE]

Regional Climate Information
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Key Words towards Trust

* Available
 Dependable
* Reliable

e Usable

* Credible

e Authentic

* Responsive
e Sustainable
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