Multiscale Resilience,
some achievements and
prospects
Daniel Schertzer
Chair Hydrology for Resilient Cities
Hydrology Meteorology and Complexity lab
HM&Co

Ecole des Ponts ParisTech

Lab

Day 2019 of the Chair
Veolia, Aubervilliers
7 May, 2019

Why Cities ?
Growing Urban Population
(Billion)

• a few key UN figures
– majority of the wor
urbanised
• by 2050: 80% / 6
emerging countr
• total growth of th
expected in citie
– most assets are al
– 70-80% of GHG pr
production

IPCC process
• IPCC reports the most developed
attempts of
a
dialogue
between
Science
Introduction
and Policy
Summary for Policymakers

This Synthesis Report is based on the reports of the three Working Groups of the Intergovernmental Panel on Climate Change
(IPCC), including relevant Special Reports. It provides an integrated view of climate change as the final part of the IPCC’s
Fifth Assessment Report (AR5).

– a 3-step filtering

This summary (which
follows the structure
of the longer report which addresses the following topics: Observed changes and their
SPM research
climate
is vast!)
causes; Future climate change, risks and impacts; Future pathways for adaptation, mitigation and sustainable development;
Adaptation and
mitigation.
—> Assessment
Reports
(AR):
In the Synthesis
Report,(SYR)
the certainty in key assessment findings is communicated as in the Working Group Reports and
—> Synthesis
Report
Special Reports. It is based on the author teams’ evaluations of underlying scientific understanding and is expressed as a
qualitative
of confidence (from very low
to very high) and, when possible, probabilistically with a quantified likelihood
—> Summary
forlevelPolicymaker
(SPM)
(from exceptionally unlikely to virtually certain)1. Where appropriate, findings are also formulated as statements of fact without using uncertainty qualifiers.

=> evolution of an extremely complex
system in few lines, e.g.,

This report includes information relevant to Article 2 of the United Nations Framework Convention on Climate Change
(UNFCCC).

SPM 1.

Observed Changes and their Causes

Human influence on the climate system is clear, and recent anthropogenic emissions of greenhouse gases are the highest in history. Recent climate changes have had widespread impacts
on human and natural systems. {1}

Economical
scenarios

Continued emission of greenhouse gases will cause further warming and long-lasting
changes in all components of the climate system, increasing the likelihood of severe,
pervasive and irreversible impacts for people and ecosystems. Limiting climate change would
require substantial and sustained reductions in greenhouse gas emissions which, together
with adaptation, can limit climate change risks. {2}
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Key drivers of future climate

Cumulative emissions of CO2 largely determine global mean surface warmingMulti-model
by theresults
lateshow that limiting total human-induced warming to less than 2°C relative to the period 1861–1880 with
a probability of >66% would require cumulative CO emissions from all anthropogenic sources since 1870 to remain below
21st century and beyond. Projections of greenhouse gas emissions vary Summary
over a about
wide
range,
for2900
Policymakers
GtCO (with a range of 2550 to 3150 GtCO depending on non-CO drivers). About 1900 GtCO had already been
depending on both socio-economic development and climate policy. {2.1}
emitted by 2011. For additional context see Table 2.2. {2.2.5}
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Projected changes in the climate system

Full range of the WGIII AR5
scenario database in 2100
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ocean willscenarios
continue to warm and acidify, and global mean sea level to rise. {2.2}
(RCP4.5 and RCP6.0) and
one scenario with very high GHG emissions (RCP8.5). Scenarios without additional efforts to
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emissions and natural climate variability. The global mean surface temperature change for the period 2016–2035 relative to
1986–2005 is similar for the four RCPs and will likely be in the range 0.3°C to 0.7°C (medium confidence). This assumes that
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be no major
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Multiple lines of evidence indicate a strong, consistent, almost linear relationship between cumulativethere
COwill
and eruptions or changes in some natural sources (e.g., CH4 and N2O), or unexpected changes in
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total solar irradiance. By mid-21st century, the magnitude of39the projected climate change is substantially affected by the
projected global temperature change to the year 2100 in both the RCPs and the wider set of mitigationchoice
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analysed
of emissions scenario. {2.2.1, Table 2.1}
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The increase of global mean surface temperature by the end of the 21st century (2081–2100) relative to 1986–2005 is likely
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to be 0.3°C to 1.7°C 2000
under RCP2.6, 1.1°C to 2.6°C under
RCP4.5, 1.4°C to 3.1°C under RCP6.0
and 2.6°C to 4.8°C under
Year
9
RCP8.5 . The Arctic region will continue to warm more rapidly than the global mean (Figure SPM.6a, Figure SPM.7a). {2.2.1,
Figure 2.1, Figure 2.2, Table 2.1}
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It is virtually certain1that there will be more frequent hot and fewer cold temperature extremes over most land areas
the forcing due to all GHGs (including halogenated gases and
tropospheric ozone), aerosols and albedo change.
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summarize the wide range of emission scenarios published in the scientific literature and are defined on the basis of CO2-eq
concentration levels (in ppm) in 2100.
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Quantification of this range of CO2 emissions requires taking into account non-CO2 drivers.
Figure SPM.5 | (a) Emissions of carbon
dioxide (CO2) alone in the Representative Concentration Pathways (RCPs) (lines)
Warming
versus cumulative CO2 emissions
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and the associated scenario categories used in WGIII (coloured areas show 5 to 95%
range). The WGIII scenario categories
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in WGIII (Figure SPM.5b). Any given level of warming is associated with a range of cumulative CO2 emissions6, and therefore,
Relative to 1850–1900, global surface temperature change for the end of the 21st century (2081–2100) is projected to likely
0
e.g., higher emissions
in earlier decades imply lower emissions later. {2.2.5, Table 2.2}
exceed 1.5°C for RCP4.5, RCP6.0 and RCP8.5 (high confidence). Warming is likely to exceed 2°C for RCP6.0 and RCP8.5

IPCC AR4
• IPCC reports crucial

Agreement of models on a
temperature increase…

but disagreement on the evolution
of precipitation extremes !

IPCC AR5
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Multi-model results show that limiting total human-induced warming to less than 2°C relative to the period 1861–1880 with
a probability of >66%7 would require cumulative CO2 emissions from all anthropogenic sources since 1870 to remain below
about 2900 GtCO2 (with a range of 2550 to 3150 GtCO2 depending on non-CO2 drivers). About 1900 GtCO28 had already been
emitted by 2011. For additional context see Table 2.2. {2.2.5}
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Figure SPM.7 | Change in average surface temperature (a) and change in average precipitation (b) based on multi-model mean projections for
Figure SPM.7 | Change in average surface temperature (a)
2081–2100 relative to 1986–2005 under the RCP2.6 (left) and RCP8.5 (right) scenarios. The number of models used to calculate the multi-model mean
Surface temperature is projected to rise over the 21st century under all assessed emission
and change in average precipitation (b) based on multiis indicated in the upper right corner of each panel. Stippling (i.e., dots) shows regions where the projected change is large compared to natural internal
scenarios. It is very likely that heat waves will occur more often and last longer, and that
model
mean
projections
2081–2100 relative to 1986–
variability and where at least 90% of models agree on the sign of change. Hatching (i.e., diagonal lines) shows regions
where
the projected
changefor
is less
extreme precipitation
events
will
become
more
intense
and
frequent
in
many
regions.
The
2005 under the RCP2.6 (left) and RCP8.5 (right) scenarios.
than one standard deviation of the natural internal variability. {2.2, Figure 2.2}
ocean will continue to warm and acidify, and global mean sea level to rise. {2.2}

Deadlock: water
cycles
TRMM, JAXA and NASA

Global hydrological cycle (Oki & Kanae , 2006)
TRMM Multifractal analysis (L. et al., 2008)

Integrative approaches
vs. silo thinking

PUB decade 2003-2013
Prediction in Ungaged
Basins

Integrative approaches
vs. silo thinking

PUB decade 2003-2013
Prediction in Ungaged
Basins

(Schertzer and Gupta, 2013)
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Polarimetric radar observations of heavy rainfalls over Paris
region during 2016 spring (250 m resolution):
- heaviest rain cells are much smaller than moderate ones
- true for their dimensions => multifractal field
- complex dynamics of their aggregation into a large front

l0 / λn

To downscale
climate scenarios?
Consensus on the need to downscale
simulations:
•
•

to manage water
modelling cities below a kilometer?

but a fondamental obstacle :
•
•
•

relationships large/small scales
stationnary? (« stationnarity is dead ! »)
Implicit hypothesis in:

- correlations (linear or not) large/small scales or neural networks:
training on « non perturbated » data sets;
- weather types: stationnary basis, only frequences change;
- GCM: stationnary parametrisations of small scales…

Alternative:
•
•

Analyze and take into account the evolution of fluxes through scales!
Example: rainrate for the water cycle.

Scaling of precipitations
1.

Parsimonious description: only 3 exponents:
–

intermittency:
- average intermittency C1 : how sparse is the average rainfall?
C1≠ 0: it does not rain everyday, everywhere!
- intermittency variability α : diversity of rainfall regimes
α ≠ 0 : not only the alternative rain/no rain!

–

scale dependence H of the average rainfall <Rl > ?
For rainfall H≈0

a

Trivial conséquences for the extremes:
C1 and α ↑ => extremes ↑ or

a

C1 and α ↓ => extremes↓

More generally:

- these exponents define the Intensity-Duration-Frequency (IDF) curves
over a wide range of scale and intensities (Benjdoudi et al., 1987,
Tchiguirinskaia et al 2010) ;

- allow to compare quantiles over various durations

Multiscale analysis of the scenario
A2 1860-2100 (CNRM-CM3)
α

• average
intermittency C1 ↑
•intermittency
variability α ↓,
=> difficulty to
evaluate extremes of
precipitations

C1

=> refined analysis :
- time volution of the Most Probable
Singularity γs (Hubert et al, 1993; Douglas &
Barros, 2003):
- a scale invariant statistic, more stable than
the maximal simulated precipitation Pma x.
- Enable us to conclude: extremes ↑ (Royer et
al., 2008),
-- seasonality can be taken into account
(Royer et al., 2010)

Context

• Recent international agreements
– 18/03/2015, Sendai Framework for Disaster Risk Reduction 2015 – 2030:
• 3rd priority/4: invest in resilience

– 21/10/2015, UN 2030 Agenda for Sustainable Development
– 11/12/2015, COP21 “Paris Agreement”:
• develop/ increase resilience to climate change

– UN-Habitat City Resilience Profiling Programme, CRPP: to measure and improve
resilience to multi-risks
– 30/05/2016, Urban Agenda for the EU: EU, as UN partner, support all these agreements.

Europe engagement
Cities to become smart, safe, resilient, sustainable,
inclusive, enjoyable, and to increase well-being and health.

‣

Corporate engagements

26/03/2018

Context
• Large city networks
– 100 Resilient Cities (100RC),
• pioneered by the Rockefeller
Foundation
• AGU is a partner

– ICLEI - Local Governments
for Sustainability
– C40
– etc.

Urban Geosciences
• EGU 2017 Great Debate
“Transition to Next Generation
Cities and Planet Earth future”
– large attendance
– vital two-way interactions
between geophysical and
urban systems
– from architect dreams to
geophysical realism?
– no longer silo thinking,
requires an holistic
approach

Urban Geosciences

Vienna (Austria) on 7–12 April 2019

Urban challenges,
AGU centennial kickoff

Conclusions and
prospects

• UN 2030 Agenda:
a vibrant call to intelligence and innovation

• no success without:
– advanced observation technologies (e.g., small radars et
lidars)
– innovations (e.g., Blue Green/Nature Based solutions)
– disruptive methodologies (multiscale analysis, modelling
and simulation)
– integrative and synergic approaches: beyond silo thinking
• similar to PUB decade, but at much lower scales
• common concepts (e.g., resilience) et tools (e.g.,. integrativesplatforms
“We can not reasonably expect to do today's job
with yesterday's methods and be in business tomorrow”

J. Salter

