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Complexity

Complexity and its importance

Complexity 2 in general
Climate Change, planning & coastal cities

Complexity 3 & Eastern Mediterranean and Lebanon
Complexity demostrated

Addressing Complexity 3
Work by the Metropolitan Landscape research Lab - AUB

Coastal Resilience
A netwrok of applied research



Complexity -« Climate change is not understood sufficiently

« Urban territorial planning is a complex multilayered
discipline

« Coastal cities at juncture of terrestrial and marine
ecosystems

Multiple variables and parts that are inter-connected and

Inter-dependent




Climate Change

Complexity 3in general
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Science of multiple
interactions-uncertainty

Impacts not fully
understood

Solutions require changes
to our systems

Difficult politics
Long-term problem

A problem we must
address

Multiple interconnected
elements

Multiple stakeholders involved

Uncertain future-decisions
may not be effective

Limited resources means
trade-offs

Cities in constant change -
population increase

Different planning approaches
Challenging politics

Coastal Cities

44% of global population

Intersection of land and
sea

Centers of economic
activity

Major infrastructure
Maritime trade routes
Multiple challenges

Historical sites with
constant human
settlement




Eastern MED

Interacting factors

coastal urban
density

Sea level rise
Economic
activity
Environmental &

ecological
degradtaion

High vulnerability

Source: GRID Arendal,

UNEP partner (2022)
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https://www.grida.no/resources/5932
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Lebanon Coast

Multiple Climate changes
stresses/risks

« Combination of fires,
flooding, land slides,
heavy rain, pollution &
erathquak fault

Multiple climate change
imapcts

Rising sea level

Storm surges Heavy Rain Forest Fire Flooding Land slide
Excessive heat Events Events Events Events
° 1 = o 1 B
initati ° 2 — IR ® 23
Reduced precipitation : 3 > e
@ 4-5 - @ 59
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Climate Change

Sea level rise

Complexity 3 Lebanon coastal cities

5-10mm/yr. since 1993
45-50cm by 2050

Salt water intrusion
Coastal flooding
Coastal erosion
Impact on activities

Erosion/inundation-
cultural & natural sites

Heating: +1.7° C (RCP 8.5)
Rain:-11%(RCP 8.5)
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Top-down approach

Based on real estate valuation
of land & driven by developers

Lack of clear jurisdictions
across planning units

Outdated planning tools

Absence of environmental
considerations in zoning and
building codes

Climate change does not
factor

Lack of capacities in
municipalities, planning unit

Coastal Cities

55% of population
35% of built area
74% of GDP
Extreme illegalities
Excessive pollution

Deteriorating marine
ecosystems

Heavily built, few green
spaces

Privatized coastline
Limited accessibility




A SECTOR APPROACH TO CLIMATE CHANGE VULNERABILITY OF COASTAL CITIES IN LEBANON @AUB_, SIS EaeRT

THE CASE OF TYRE
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Issam Fares Institute for Public FRIEMH

CLIMATE CHANGE RISKS & COASTAL CITIES IN LEBANON: PROFILING THE CITY OF TYRE (RAUB sz ey
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WATER RESOURCES
Rashidiye Spring
Ras El Ain Spring

RISk CLIMATE CHANGE RISKS INURBAN SETTINGS

Rising Sea Levels
& Storm Surges

6.61KM? e ¥ ‘ ‘
AREA L - % v D
l I I I I - 5 X T T\ ENERGY SUPPLY
SseSS e Extreme \ ; : b S Substation subcontracted by EDL
rnv  Precipitation 2 | . - v 2 foxak Generators used during shortages
70,000 " - R b g y 3% renewable on a district level

PERMANENT _ g
RESIDENTS v - ; MAP LEGEND

SANITATION & DRAINAGE

Bakbouk WWTP (testing phase)

All households are connected to the sewage
system, discharged directly into the sea

TRANSPORT
Total length of international and
secondary roads is 56km.

Beaches

Agricultural Land
mmm \Wooded Surface
s Highwoy
|

 Risk assessment of & e
each coastal city SHoReLNE @

Port

River
Scrubland
Urban Fabric

 Across sectors, land @ Bed—
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use and HEALTH CARE & EMERGENCY SERVICES

ABOVE
B CLIMATE CHANGE SANDY : "1 ;‘%:OCO\thﬁSp\f?\l TRed C i hat
‘ ’ ’ osest hospitals: r t
enV|r0nmenta| PROJECTIONS FOR BEACH [ - Y Sour Public Hgspita\ cojerstﬁzseiﬁwnreer :

LEVEL

TELECOMMUNICATION POLES

Located above and underground.

2 Fixed fiber optic telephone links and one
digital providing the city with telecom services

Aridity SEA LEVEL
LEBANON Jabal Amel Hospital  district of Tyre.

r BUILT ENVIRONMENT
Stresses , / 54% of the city’s area is built-up area

(residential, commercial or industrial)
. 27% agricultural areas

Based on predicted :

climate Change TEMPERATURE AND PRECIPITATION TRENDS IN TYRE(1999-2018)

Historical sites: Ruins of Tyre, Necropolis, the Egyptian
Port, Tyre World Heritage Site and Old Tyre

ECOSYSTEM SERVICES

35 3500 Tyre Coast Nature reserve, also
$000 considered a Ramsar site. Important
L 30 ~ .
) £ nesting site for migratory birds and
Scenarlos 2 25 ~>/ . 2500 E, threatened sea turtles. The vermitid reefs
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Beirut
Urban Coastal
planning
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Multi-Layered Analysis
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Synthesis -Charcater Zones

character
the proposals.

() RAMLET L BAYDA: PRESERVE THE SANOY BEACH

1 Mantain the i i il slong, and
extend this zoning South by one Iot (Lot 4285) from current liits.
low private lts i ths zone besch
faciites with demountable,light tructures that maintai clear access to the public.
3" Extend the current seaside foad all the way to the imit of the maritime public

the sandy coast Tots from public

main.
4. Intraduce a setback from the maritime public domain and insure direct access to
the tis domain and the water through al pivate los.

edgesofthesandy beach,besed on curent allwable ufltup areas

aditional

building/d
exploltation factors to the current ones;
7. Remove all existing ilegal construction above street levelto ensure visual access.
tothe coast,including those illegally permitted;
lopment of 3 notl/r nal district across the seaside road
each a5 @ lourst dray and that connects the coast, the
elationship,

ourage
that benefits from the sa h

ns

i z0ning around Pigean Rock Bay and ensure,

continuous public access to the area, as  large-scale, municipal par

2. Intraduce regulations to protect the physica integrity and the terrestral and

maritime biodiversity of s zone.

3. Redraw the boundaries of the public maritime domain, ntroduce a setback from!
 and rectaim as much as the area

Tosecure direct
HASSANKHA. lntearated municps park i th aes
PARK

4. Remove al legal construction n the non-aedificandi zone to ensure both visual
S 7 ind physicl accessto thecoast

follws the matura topogtaphy o th site andmits llowable uit up reqlations
exceptions. This buidabi dfrom the
i prk alslong the corniche.
cfee, aws and/o reguiations alowing or aditional
i 'y add any

ABC VERDUN street with a green-plantec
§, Cancelall el exceptons,

uildin y
exploltation factors to the current ones;
e 7. Remove all llegal construction in the Movenpick area that fal within the maritime
Trom the.

publc continuity
corniche to the sea according to the law.

z Q2 MINA SHURAN: SHORELINE PUBLIC DOMAIN
O o £
(Y attordable recreational area, open to city dweliers:
(h 2. Cancel all exploitation permits in the public maritime domain,
LEGEND Wa 5" niroduce a 1egal setback from the maritime pubic domain:
a & Enare tat monic e consonaata to
AV SRt et
A o‘-a ( 3 Lacaleany ol aess 1 e s e eineate o el o e
rl ornchs that follows the naturs opogeaphy of ne se.
Ground Floor Land-Use 4 ol 2 67Eance il 100l oxceptans. decrees, 4 andof remistions allonig o aditiost
4 g deyelopments and r]ectany iature proposedreduations that may sdd any
[ Residential P WX explatation factors to the current ones.
e 4 2,
[ commercial WAk SAI MILTARE: PUBLE ACCESS ARMY BEACH
g 1 Reinstate genaral ublc access ot Ban wiltafe resort.
[ nstitutional 4‘ 2 Remove the prking stuctre o ensure iualad direc ccess (o the se
b tion 3
- Wilitary ‘ 4. Maintain zoning of the area as non-aedificandi., 4
[  Parking infrastructure e "E THE CORNICHE: A PUBLIC PROMENADE
o/ ko e s o resys the il nd sy sty
q 2 Remove il Hiega obstructions of seaven and/or e xplaltationof the
Building Functions ko e ontause

(Manara) and return this area to the old fshermen practices.
3. Revise management contracts of existing functions (AUB Beach, Riviera Resort and
the Port) to allow for well-defined public-access points that are connected to the

[ Hoteis
[ Ccommercial
[  Recreational

Urban Opportunities

ciys tbric
. Remave ail

if needed.
5. Landscape and improve the quality o the promenade, widen pedestrian areas as
much as possible and whenever possible, feduce direct ntersection and the dominant
presence of cars.

OLD ARTISANAT AREA AND ZAITUNAY BAY

1€ Character Zone Limits L Extend the Comiche to comect withthe pulc promenade nZallnay Sy and U
sirengthen s public character
H Urban Landmarks cusen el Attt 6o DD e tsonde A5 wichshoul e
Teevaluated for s modern Rstorical vaue rturne o transpareney or demolshed-
* Urban Landmarks imes) and secure continuous visual and physical access throughout te area.
" Preserve coasta ock formations helow th Carmens eve.
H Urban Parks/Public Gardens' (TR * =mermms. &  Reforce e comectvly of e plamed aterrontFrk i e puic
=5 5. Begin immediately planting the area earmarked for  public park within the
Expansion of Park LIPS, Waterfront area.
Neighborhood Connections E%b- =\
Urban Green Connections " -
= |

Source: Beirut Urban Lab, AUB (2020)
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Complexity 3
Lessons

Separate and disconnected Disciplines: Climate
change(SLR in specific) and coastal urban planning are
not seen interrelated

Disaggregated and partial data

Incomplete picture: Partial understanding of impacts,
synergies, and interactions

Applied research cannot be isolated: repeating the
same mistakes and approaches will lead to missing the
window of opportunity.
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Peri-urbané Sub-urban Transition Urban EUrbanCDreé Coastal

Mainstreaming

Mianstream C.C.
Into planning

Synergies and
alignements

Differing
morphologies,
communities, and
policies

Differing C.C.
Imapcts and
inetractions

Vulnerability

: Overlap
» between zones

: Overlap
bétween zones

CC Impact Focus

Character

QBN Source: Abunnasr, Y.* and E.M. Hamin (2012). “The Green Infrastructure Transect: An Organizational
. Framework For Mainstreaming Adaptation Planning Policies”) 1 4




Holistic
Approach

Adpataive Coastal
Gradients

To respond to
comlexities of
Inetractions

Adpatation and
mitigation

HARLEM RIVER

PARK PROJECT
NEW YORK

Project scale
assessment

Source: Hamin, EM, Abunnasr, Y.* Dilthey, M., Albright, E., Buxton, J., DeGroot,D., Judge, T. P., Kenney,M. Kirshen,P., McAdoo, B., Nurse, L., Roper,E., Ryan,R.L.,
Sheahan, T. and Fricke, R. (2018) “Pathways to coastal resiliency: the Adaptive Gradients Framework”, S ustainability, 10(8), 2629;

15




Intergated
Data

Use of Ai and smart
technology

Intergate spatial,
policy, and citizen
data

Develop a dynamic
system of monitoring
and planning

Use by cities,
managers, and
planners
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Local-Adapt: Intelligent Urban Monitoring and Planning Platform

A. Climate and Nature Data

*Vegetation cover * Water resources

*Impervious surface eLand Surface
Temperature (LST) » Built
Infrastructure ¢ Urban Configuration
¢ Thermal Comfort # etc.

Satellites, | |Drones - —
LH [ =
(R g
@

g

Remote Sensing
Data Layers

nology Processes and Challenges

Image Processing& GIS Integration: Raw data input ¢ Process
remote sensing data * GIS integration e Output indicators

Processing &

ating Indicators: Chalk_
different types of data together and aggregate

Compute individual indicator scores: Develop an algorithm to
score individual indicators to add to a gradient score

Governing Body
Policy Makers
Politicians

Processing &

Aggregating
Indicators

B. Policy Data

Local/Regional/National Governing Body # share available
capacities ¢ plans ¢ policy * resources e etc.

3 Computing score of
individual indicators

* exposure reduction
+ ecological enhancement 4

* adaptation over time Aggregatin
Aggregating

* heating reduction =
«institutional capacity composite

* cost efficiency score
* participatory process
* social benefits 5

Assessment of
Composite and
individual
Scores.

C. Citizen Data
* Social media

* Thermal Comfort
* Questionnaires

Assessment: Assessment of composite score based on a score
goal to be attained. Accordingly process repeated iteratively

Iterative Process: |terative process to continuously receive and
send data to all sources for continuous assessment

Source: Local Adpat, Intelligent urban monitoring and planning platform;
proposal submitted to google.org, 2023)

Bias Mitigation

ommuni

-
0

W
:
Local-Adapt
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BUILDING TYPES LAND COVER TYPES

30 Coastal MED
cities

Outdoor human 3 yr
comfort « ot o

Factors imapcting ; ,&W s E
Outdoor human Open lowrlse F

comfort — urban
m O rp h O | O g y 8 j%f Large bwrise SEASONAL LAND COVER PROPERTIES

B o b baretress [ie., deciduous, leaflass)
#® n% & 5 s Increased sky view lecior, reduced albedo
ELat parsely built
[

Arid and warm o ghpkd 5 egrme ooy
temperature cities oo 0wy, rmovaca)

Latakia

Palermo

Bare rock or paved

Bare soil or sand

" Lightweight lowrise G Water

1 2 3 4 5 6 7 8 9% 10A8BCODE G

low admittance, large Bowsan ratio,

SPEGIAL BUILDING PROPERTIES Inoreseed albadc, LCZ Class
I industial use (w9, f fineres, mills) W wet ground (e.g., wateriogged soll)
large anthropogenic heat fiux, high admittance, small Bowen ratio,
high pallutant concentrations roduced albedo
'l
|h I Source: Addressing Outdoor Thermal Comfort in 28 Mediterranean Cities through Cloud Processing and Machine Learning

custan "oriin INIVERSITY Yaser Abunnasr, Mario Mhawej,, Sarine Hagopian1 and Aya Al Zein (in preperation) 17

SUSTAINABILITY 3
5 o BEIRU
T SOSTENIBILITA BEIRUT




Global Network

of Research
oo oW
50 global cities o
@

Surface urban heat -
Island comparative »
Study
Factors imapcting . > 8 o B
and contributing to - o ®
urban heating PSS
Application of Legend
remote SenS|ng and MNormal Conditions Hot and Extreme High

SUHI Conditions SUHI

@ <z EeEEEE Hot Conditions - N

o -l21-18 = Extreme Conditions A o 2,000 4,000 8,000

@ 18 Kilometers

Source: Abunnasr, Mhawej, and Al Bitar. Water Features as the Main SUHI
Hindering Factor across 50 Global Cities (Urban Climate, in review)




Coastal

R esilience

Mainstreaming
» Climate change integrated into urban and territorial planning
» retrofit old and design new resilient coastal cities

Integrated and comprehensive Data

 Develop a comprehensive, robust and integrated approach to data
generation

» Support coastal resilience decision making

Holistic Approach

» Considering terrestrial and marine ecosystems, economies, societies as
well as natural/cultural systems

» understand externalities of coastal resilience

Network of Applied City Research

« Adopt a regional and global approach to coastal adaptation (i.e. local) to
speed up knowledge transfer & lessons learned

« speed up coastal resilience
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Thank you

Yaser Abunnasr,PhD
ya20@aub.edu.lb
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