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Climate change and cities
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Currently, ~55% of the world’s population lives in cities
~70% of the population projected to live in cities by 2050

Around 40% of world population live within 100km of the coast

By 2050 at least 570 cities and ~800 million people will be
exposed to rising seas and storm surges under 2.0°C warming

o .... Tnan

[ 5

8 0
© Climate Service Center



- - e
VA0 e omen st
e Sn 0 oman seed T
DR K And m 1t !t

¥ gy "
el

==y LB X3 1 B sen ¢

FEEE © rade S S~ |
)

i
3 &

! =t
* °© Climage Service Center

Y
i~




Science-based, high-quality climate information
tailored to city needs are required to enhance
resilience in urban areas to on-going and
projected climate change



Thermal Assessment Tool (Tecnalia)
IT_015146: Milano

Intermediate emissions

Very high emissions

This scenario represents
(i.e. RCP8.5), according td

e future regional climate cOditions, assuming a very high greenhouse gases and aerosols emissions scenario
e EURO-CORDEX dataset of gle Copernicus Climate Data Store.

Frequency of heatwaves per decade (+)

Frequency (events/decade)
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Decade

In Milano 12 warning events, 14 alert events and 5 alarm events took place during the baseline period (1981-2010) (note that the above
plot provides decadal statistics).

Regarding future projections, the above plot visualizes that:

in the middle of the century (2050s) 4 times more warning events, 3 times more alert events and 9 times more alarm events are
expected.

in the end of the century (2090s) 4 times more warning events, 4 times more alert events and 22 times more alarm events are
expected.
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Berlin Climate Adaptation Plan

Senate Department
for Urban Development
and the Environment
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Adapting to the Impacts
of Climate Change in Berlin - AFOK
Executive Summary

Fig. 3: Formation steps of AFOK final report

Desk top research

o Temperature

Raising temperatures in the Berlin re-
gion have already been observed in

the recent past. For the near future,

a further increase in the average

daily maximum temperatures of
about 1.2°C, for the distant future
additional 3.2°C can be expected.

This increase will be particularly
striking during autumn and winter.
Summers in Berlin will also become
warmer. Towards the mid of the
century, summers will be about 1°C
warmer than today, towards the end
about 3°C. Itis one of the ‘hallmarks’ of
climate change that the extreme values
will increase more markedly than the aver-
ages.

e Wind

The variable wind speed is the most difficult one to derive
from the models. Until 2100, the model combinations used

Extreme
events

Averages

Extreme
events

here do not show a clear trend of increased or decreased

storm events. But uncertainties are quite high.
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@ Precipitation

Due to climate change, Berlin will

experience an increase of average

annual precipitation of about 3 to

10% (near future) and 7.5 to 18%

(distant future). The strongest in-

crease can be expected in spring and

winter, while it will be less marked in

autumn and, especially, in summer.

Particularly important is a trend in ex-

tremes: the increase of heavy rain events

(more than 10mm precipitation per day).

Currently, Berlin sees about 11 of these events

per year. Under climate change, there will be

about 15 (near future) or 17 (distant future) events

per year.

As the temperatures will increase especially during win-

ter, Berlin will have considerably less snow in the fu-

ture. Despite an average increase in precipitation, we

will experience more dry periods, combined with peri-
ods of heavy rainfall at other times.
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How do (regional) climate models work?
Regional climate projections for cities & impacts



HOW DO CLIMATE MODELS WORK
AND WHAT CAN THEY TELL US?



IN THE ATMOSPHERIC

COLUMN

GLOBAL CLIMATE MODELS (GCM) o
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Differential equations describing dynamics and physics in the climate system:

discretized on a 3-D grid, time dependent numerical solutions and physical parameterisations
for subscale processes




Growth of Climate Modeling

As computing power expanded, climate modeling became
more sophisticated and drew in additional influences on
global temperature and climate.These are a few of the areas
added over time.

Dust/sea spray/carbon aerosols
mosperctondsutacel g fieacivevegeaion |
o : Sulfate aerosol
Seaice
Biochemical cycles

Carbon cycle

2000s 2010s

1960s 1970s 1980s 1990s

SOURCE: University Corporation for Atmospheric Research (UCAR) InsideClimate News

Evolution of Global Climate Models (GCM)

. >30 research groups worldwide with their own GCM

Computer models with thousands rows of computer
code

Simulations on super computers
Petabytes of model output data

Worldwide coordination & comparison of results




How do we know humans are causing climate change?

Climate models can only reproduce the observed spatial and temporal patterns of
warming when they include natural AND anthropogenic forcings:

20 Greenhouse gases (human)

Combined
~+ (Human & natural causes)

\y Observations

Natural causes

* Aerosols (Human)

-1.0

Global surface temperature change since 1850

A5 Drivers of observed warming over 1850-2020.
s o o e Source: IPCC (2021) FAQ 3.1, Figure 1.




CLIMATE SCENARIOS (SSPs):

Shared socio-economic pathways
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CLIMATE SCENARIOS (SSPs):

°C
5 SSP5-8.5
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0 .__\,,w/\/\/

-1
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Global surface temperature changes relative to 1850-1900, degrees C, under the
five core emissions scenarios used in AR6. Source: IPCC (2021) Figure SPM.8a.



Temperature change projections
Relative to 1995-2014

SSP585: Projektion der Temperaturanderung gegentiber 1995-2014
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Projections of seasonal precipitation change

Multi-model seasonal mean precipitation percentage change for SSP2-4.5 (2081-2100 vs 1995-2014)

(a) DJF (b) MAM
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HOW CAN WE UNDERSTAND AND MODEL THE
URBAN CLIMATE IN A REGIONAL CONTEXT?



REGIONAL CLIMATE MODELS (RCM)

RCM model
domain

Global climate models (GCM) Regional climate models
(RCM)




POLL:

Knowing that Global Climate Models reach spatial scales of
400x400 km to max. “50kmx50km, what max. spatial
resolution do you expect for a regular regional climate model?
a. Also up to 50x50km

b. 20x20 km

c. 3x3km

d. 100mx100m




REGIONAL CLIMATE MODELS (RCM)

RCM model
domain
Global climate models (GCM) Regional climate models
400 km to 50 km (RCM)

50 km to 2.5 km




Model resolutions from GCM to RCM

Model orography at different model resolutions
Example: European Alps




What is CORDEX?

Cordex= “Coordinated Regional Climate W‘ RP

Downscaling Experiment”

Cunmminpaphe

pre——

Main aim: To better understand relevant regional/local World Climate

climate phenomena, their variability and changes, through Research Programme
downscaling and coordinating the science and application of B

regional climate model (RCI\/% downscaling through global ) s ¥ oot

partnerships.

« CORDEX is an activity under the
World Climate Research
Programme

» Approx. >30 modelling groups
worldwide

« Simulate land areas across the
world




Model Resolutions: City of Hamburg
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Cities are represented in the
CORDEX regional climate models as:




More and more models are working on complex representations of

urban areas to improve simulations of cities and regional climate
change
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(Potential) added value

* Better representation of urban heat island effect, esp. at night

* Understanding urban-rural interactions under climate change

* Understanding changes in precipitation over and alongside cities under climate change
* Changes in wind over cities under climate change

* Analysing effectiveness and lifetime of adaptation and mitigation measures in cities
under regional climate change

atmospheric model
b
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Main objectives of the CORDEX
Flagship Pilot Study on cities
(FPS URB-RCC)

® Investigating the interactions of urban
environments with local/regional climate
change based on a coordinated ensemble using
urbanized RCMs under a common experiment
protocol.

® Intercomparing urban parameterization schemes
and identifying key processes and

parameterizations for further use within CORDEX.

e Providing the science to underpin climate
services for cities.

FPS URB-RCC C‘ R\ij
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Regional climate model simulations

Daily cycle urban heat island

Observations /

Urban heat island intensity in Paris
Heat wave 7-13 August 2020

Observations

Urban heat island intensity in Paris
June-September 2020
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Existing regional climate model datasets analysis

UHIN JJA Bias

RCM (12 km)

ICTP-RegCM4-7 (%)
KNMI-RACMO23E (%)
HCLIMcom-HCLIM38-ALADIN (%)
CNRM-ALADING2 (%)
GERICS-REMO2015 (%)
IPSL-WRF381BE (D)
CLMcom-CMCC-CCLM5-0-9 (%)

CPM (3 km)

KNMI-HCLIM38h1-AROME (%)
HCLIMcom-HCLIM38-AROME (%)
CNRM-AROME41t1 (%)
ICTP-RegCM4-7 (%*)
GERICS-REMO2015 (%)
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FZJ-IBG3-WRF381BB (D)
CLMcom-KIT-CCLM5-0-14 (%)
CLMcom-JLU-CCLM5-0-15 (%)
CLMcom-ETH-COSMO-crCLIM (%)
CLMcom-BTU-CCLM5-0-14 (%)
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NO SLAB UCM

UctM™m

SLAB/BULK

NO

Regional climate models using Urban Canopy Models tend to represent nocturnal
UHI intensities in continental cities better than those using simpler approaches,

but this is not necessarily the case for coastal cities.

Average nighttime UHI biases (TN 2000-2009 JIA [based on observations]) simulated
by different CPMs and some of their driving RCMs. (NO means no urban
parametrization; SLAB/BULK refers to more simpler approaches; UCM stands for
Urban Canopy Model; % means the model uses a fractional approach to differentiate
multiple covers inside a point; D means the model uses a dominant cover approach).
(Le Roy et al., in preparation)

FPS URB-RCC

C¢ RDEX



PRACTICAL IMPLICATIONS
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QUESTIONS?

Gaby S. Langendijk ¢ Email: langendijk.gs@gmail.com



CORDEX Flagship Pilot Study: CE¢ RDEX
URBan environments and Regional Climate Change (URB-RCC)

Main aim:

Understanding the effect of urban areas on the regional climate, and

the impact of regional climate change on cities, with the help of coordinated
regional climate model experiments.

FPS URB-RCC

Selected city for coordinated experiments: Paris WCRP CORDEX
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REGIONAL CLIMATE MODEL PROJECTIONS

CORDEX:
Coordinated experiments and projections, based on global climate models

~30 model groups in Europe (EURO-CORDEX)

Open access data

WCRP CORDEX : COordinated Downscaling EXperiment

o i : = —

http://www.cordex.org

C‘ Rj\D X http://www.euro-cordex.net
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