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A0 o\ BUtln 6lkslar eyni saviyyadas hassas deyil,
SARE- amma bu global problema cevrilacak

All-Hazard Total Economic Loss
Risk Deciles




C ARE‘C " Yol sabakalarinda gozlanilan dayisikliklar
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C AREC " Etmaya galisdigimiz yeni bir sey deyil
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Aktivlarin idara edilmasi, bir grupun va ya
teskilatinbutn istismar dovrlari boyunca
cavabdeh oldugu seylerin dayarinin idars
edilmasina va reallasdiriimasina sistemili
yanasmaya istinad edir

ISO 55 000

Planning Construction Facility Life

Project
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Design & Engineering Increasing Severity of Climate Impacts
- | | | | .
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CAREC "7 Kontekst - Hall etmaya ¢alisdigimiz problem

* Qacinmaq -> Risklarden gagmagin
mumkin ola bilacayi

CONTROL - Mitigate physical impact infrastrukturlarin az bir gismi — mas.

har dafa covgun va gabarma-¢akilma

vaxtl zarar goran danizsahili yol

AVOID - Reduce exposure

TRANSFER - Limit financial loss and aid recovery

ACCEPT - Adaptive response arrangements infrastrukturu
Avoid Control  Transfer Accept b QabUI etma.k '>b|r (;OX infr_astru ktur
100 [ 0 ) (" Assumed Event ) sabakalarinin boylk hissssinds bag
[T Frequency veran, itkinin minimm olmagi va bu
I I N 25 yr hissalarin vaziyyata _
SN h uygunlagmanin ssmarasiz (hatta
| N, = e == 100yr lizumsuz) olmasi.
<! 3 vy
i NN ——— 500yr * Npzarst v ya basgalarina 6tirms ->
O Al sistemi asagidakilara cavab
Tr= = BT mmmms il 500yt vermaya komak edir:
0%\ J * Nazarat -> infrastruktur hissalarinin
Percentage of Assets bir gismi vaziyyata uygunlagsma
layihalari potensial itkilars nazarsti
tamin eda bilsr (investisiyadan yaxs!
Consider multiple possible futures, where risk(s) change with time galir alda edilmasi)-
* Transfer -> muxtalif maliyys
Source: Hugh Cowen alatlarindan istifads, masalan

sigortalanma va ya istiqrazlar daha
praktik halldir

Kritiklik ¢argivasi bu tahlil G¢lin acardir




carec " Dayanigliligin asaslari

A. Improvements
Functionality

Lost
Functionality
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Performance Goal:

Time to Recovery of Function

Manba: https://imgur.com/gallery/3F820t1



CAREC

 eyni proseslara uygun idara olunur

istifadacilarin va onlarin
ehtiyaclarinin basa diistilmasi

texniki qulluq

infrastruktur
xidmatlari

Kona infrastruktura

Demogqrafik dayisikliklar
va urbanizasiya

orazi seqgmentasiyasil

> 4
AN

iglim dayisikliklarina
uygunlasma

Maliyya imkanlari



A0 o\ Dayaniglilig dovrasine aktivlsrin idars

CAREC N’ olunmasinin tévhalari

1. Capability and Capacity 2. Understand Risks 3. Target Investment ann 4.
Eg . Peoplo ﬁ « Hazard exposure + Resilience strategies and E]D .

. Impact assessment policies development

« Tool S . .
i SE?IS = Develop criticality Asset management to
ills improve robustness
Processes * Decision making under
uncertainty

Improving Ongoing Resilience

Readiness Preparation

Recovery & Reconstruction

Response

* Choose appropriate * Rethink asset service + Restoring critical infrastructure
procurement tools needs

Governance -
* Portfolio management

U’ 9. Programme Delivery f 8. Built Back Better Planning ; 7. Crisis, Continuity & Comms E 6.

ST e G T g + Rapid damage assessment

Plan & Procedures
Emergency management
plans

Criticality planning for
infrastructure

Emergency Management

Minimize immediate harm
to assets and operations
Provide information where
needed
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careC oy Davamlilig tahlili planlasdiriima yanagmas

1. Identify the problem and objectives
(e.g., risk of climate change, reduce risks
by reducing emissions and adapting to

impacts)
/ s

i
8. Monitor and reassess s 2. Establish decision-making criteria
(e.g., measure GHG, hazard impacts, costs) ," (9'9'3 minimize (?c.)sts and risks,
/ ¥ maximize reliability, ensure
s i equity, protect ecosystems)
l" r"'
’ 'f
7. Implement decision '."' ,"
(e.g., coordinate and integrate / No o
into management) K I

3. Assess risk
(e.g., model potential climate impacts or

emission scenarios, analyze vulnerability
or life cycle emissions)

‘ YES

6. Make decision e’
Is problem defined correctly?
Have the criteria been met?

5. Appraise options
(e.g., assess costs
and benefits,
consult public)

4. |dentify options

(e.g., alter infrastructure or
manufacturing processes,
pass regulations, increase
insurance)

Manba: Milli Arasdirma Surasi (2010)-SeudreeNatie
Research-Council{2010)}
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Vaytaki firtinasinin icmali Hadiso Event
Firtina hadisasi Sterm-Event iglima lali “unl
: y ima uygunlasma
2010 may |Vaytakidasqini Osas amiller uygunlasmadan 9 y9 3
. dan sonra (2017
dasqini iyul 2017 gabaq (2010 dasqin)
Yaginti (24 saat) 124mm 174mm - - dagqini)
- - Uygunlasma dayari 5 4
Qayitma middati 1/100 1/100 -
ool m Baglanan yollar 2 4
° anasr;;o arn 120 35 Baglanan korpular 5 4
Siradan cixmis va Baglanmig magistral 1 3
ya baglanmis 0 2 yollar
kérpular agliyyat sebokasinde 5 3
Baglanan dovlst 5 1 isin pozulmasi hallari
magistral yollari —— Naqliyyat
) kYO_' o seboakasindas barpasi 2 3
sabakasinda is 7 hours 0 hours vaxt araligi
pozuntularinin DOLEVARGH - —
miiddati Nagliyyat §eb§k93|n|n 5 4
Yol infrastrukturu »350000 —
worclori $1,500,000 | ($250k takea Miisyyanedici faktor 2.71 3.57
KOrpindn xarc) Effektivlik faktoru 1 0.9
Uygunlasma indeksi 2.7 3.2




A G
careC W

Iglim va aktivlarin idars olunmasi malumatlari

Sobaka torifi - geo-arazi
malumatlan

Sabaka kritiklik malumati

Fiziki atraf-miihit malumatlari,
masalan grunt tiplari, su axin
yollari va sellar

Tarixi va cari iglim sartlari

Su zada risklari (masalan, sel,
torpaq ucqunlari)

Geoloji tahliika risklari (mas.
Torpagq stiriismalari,

Yol funksiyasi/icma sosial-igtisadi
va ya madani faaliyyatlari

infrastruktura
tarixi yaginti/firtina va/ya digar
iqlim tasirlari malumatlari

DEVENGELEIET]] Tatbiqi Bu malumatlar
adatan yigilir

"Nayin harada oldugunu" bilmak

Miiayyan olunmus kritik vaziyyatds olan aktiv (hayat
xatlari) sabakanin qalan hissasindan fargli standartda
texniki qulluq

Hassashg giymatlandirilmasi tiglin alds olan iglim
malumatlarini Ust-lsta qoyulmasi

Firtina malumatlari va dovri tezliklarinin basa diistiimasi -

layihalandirma va vulnerability giymatlandirmalari tiglin
istifada olunur

Qeyri-kafi drenaj taminati sababindan nasazliq va ya risk
altinda ola bilan hissalar va yol qovsaglari

Qeyri-kafi geo-

tahlikalar sababindan nasazliq va ya risk altinda ola bilan
hissalar va yol qovsaglari

Texniki qullug va kapital goyulusundan sok
hadisasindan avval va sonraki dévrds
prioritetlesdirma/optimallagdirma Ugln istifads olunur

Har hansi hava saraitinin infrastruktura hansi xtisusi tasiri,

masalan, su basmis yollar, su ila bagli nasazliglara meylli
arazilar vas.

IDS

Infrastructure
Decision Support

Biz hamginin aktivin
xarakteristikasini va

performansini zaiflik
meyarina ¢cevirmaliyik

A
Standard of protection provided
‘ by defence
Probability of
defence failure
10 ——
’ L
{
I
o “tue” frmgiity
!
i
'
- ,1
0 i >

o Severity of load event

Simm va Tarrant




cAREC - Aktivlarin idars edilmasinda iglims uygunlasma

e Aktivlarin idara
: : e edilmasi iglima uygunlas
: : MajorAfiaptation maya koklu yanasma
0 ! e Uclin guclu vasitadir

o U o .ﬁ
Specific Climate Adaptation/ ° Aktlvlarln Idara

Resilience Initiatives Maintenance

and Renewals Edilmasi malumatlari va
ooo s X naticalari kapital -
Climate Change Risks W Community Resilience Iay|ha|ar| \V=) falakatla”n
Other Hazargt;s (e.g. Geo- @ l i idara EdllmGSIna faYda
hazards) - Climate Responsive Asset H
Resilience Improvement and Manageme?lt Processes 1@ Vers bl Iar
C0R0)

Climate Adaptation Strategies

Recovery and ° or: . .
Rebuild Planning Tahllllm 1ZIN

o o e avvalkindan daha ¢cox
r\.v‘ K @l sosial-
Disaster Response Planning Orgzzijziiz::al Iqtlsadl IStIqamata

ehtiyaci var

A
“-u
o

Disaster Response
Management




carec U Umumi tahlil prosesi

Priority




CAREC M Iglim risk giymatlenirmasinin tatbiq

Impact on
Infrastructure &
Communities

(Future) Hazard Exposure

Climate Change
Models

(Past and Present)

Climate and
Weather Data

Hazards (e.g.
Flooding)

Climate Risk

(exposure map for
given hazard)

Nazara almaginiz liglin:

» Toahlukalara maruz qalma tahlilina gadar malumat biitin aktiv gruplari Gigin Gmumi olacaqdir
* Foarqli aktiv gruplari Gglin xtsusi tasirlarin tahlili fargli ola bilar

* Tatbiq secimlari
* Kicik cografi arazilar tgun risklarin giymatlandirilmasi (masalan, yiksak riskli srazilar)
* XuUsusi aktiv gruplari Gglin tam risk giymatlandirmasini aparin

* Boladiyya klasterlari liglin tam risk giymatloandirmasini aparin ("Resilient South" layihasi nimunasini gézdan
kecirin)



/ % /_CARNEg}\\W MUmkUn iglim naticalarini tahlil etmak G¢ln
CAREC ../ secimlar

I
* Hassasliq tahlili

ol dellsrinin mi * Trend
° I1qliIm moaeliarinin migqyas .
icildilmasi ekstrapolyasiyasi
lobal Climate Models - egional Climate Models == Extraction of regional series | i
° ..;1 -«. o cimatelt forEdct)wntscalli:g a% Iocall stations ° Numunalarln L.
daha genis tatbiqi

'. ! * Hava soraiti
ag generatorlari

* Empirik/dinamik
miqyas kiciltma

Iratxe Gonzalez-Aparicio

Manba: Milli ElImlar Akademiyasi
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Impacts of Weather & Climate Change on Transport Infrastructure

Sea level rise, storm
surge and flooding

Climate event

Climate event impacts

Manba UK-/_

AN/ Ny N/ Ve LN

Strong wind Increasing precipitation Change in mean Extreme
and storms inltensity precipitation heat
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) [glim dayisikliyinin yollara tasirlari

Climate Change Events

Risks to the Road Infrastructure

Extreme rainfall events

Overtopping and wash away

Increase of seepage and infiltration pass
Increase of hydrodynamic pressure of roads
Decreased cohesion of soil compaction
Traffic hindrance and safety

Seasonal and annual average rainfall

Impact on soil moisture levels, affecting the
structural integrity of roads, bridges and
tunnels

Adverse impact of standing water on the road
base

Risk of floods from runoff, landslides, slope
failures and damage to roads if changes occur
in the precipitation pattern

Higher maximum temperature and higher
number of consecutive hot days
(heat waves)

Concerns regarding pavement integrity, e.g.
softening, traffic-related rutting, embrittlement
(eracking), migration of liguid asphalt

Thermal expansion in bridge expansion joints
and paved surfaces

Impact on landscaping

Temperature break soil cohesion and increase
dust volume which caused health and traffic
aceidents

CEDR (Qrendstad, 2012)

Drought
(Consecutive drv days)

Susceptibility to wildfires that threaten the
transportation infrastructure directly
Susceptibility to mudslides in areas deforested
by wildfires

Consolidation of the substruciure with
(unequal) settlement as a consequence

More smog

Unavailability of water for compaction work
Drought decreases mortality of plants along
road alignments

Exireme wind speed

Threat to stability of bridge decks
Damage to signs, lighting fixtures and supports
Increase of wind speed causes the dynamic

force of water generated by waves on road
embankments

Foggy days

Traffic hindrance and safety
More smog




C AREC W Yol sathlarina iglim dayisikliklarinin tasiri

et R gt Ecomms st o

Climate Impact How it Impacts the Road Surface

®  Mechanical damage to the surface as wind-borne debris on the

Extreme wind .
road (e.g. truck overturning)

. Delamination of the surface

Floodin
& e Scour of wearing course for unsealed roads

®  Increasing rainfall results in higher moisture conditions within

the pavement layers. One way to prevent moisture build-up is
Increased rainfall P Y ytop P

MG, Permanent Defor mation {micro-m)

OMC

500
430
400
350
300
250
200
150
100

S0

— State 1
el State 2
e State 3
— ctate 4
i State 5
== State §

Hussain, J., Henning, T., Wilson, D. J., & Alabaster, D. (2011b). What happens when it rains? Performa
nce of unbound flexible pavements in accelerated pavement testing. Road and Transport Research 2
0(4), 3-15.

through providing surfaces with better waterproofness. 0 L0000 20000 30000 40000 S0000 60000
e  Increased risk for aqua/hydroplaning Loading Cycles
. . 500 e State 1
Sea level rise (tidal e  Blistering of surface as a result of pressure build-up below the = 450 | - State 2
movement) surface. £ 400 4 --s:m:
E e 13 TE
iati = 330 L ¢ e Srate 5
Increase variations . .
between coldandhot | ¢  Temperature cracks s < _ e :
— _E 250
temperatures 25 Doymus stzilmamis
= 150
Extreme high . Decrease in viscosity of the bitumen binder leading to flushing E 100
temperatures ¢ Increased hardening of the bitumen (oxidation) = 50
o T T T T T |
Increased droughts ™ Increased cracking o 10000 20000 30000 40000 50000 GOO00

Loading Cvcles
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- Torpaq surusmalari

* Bir cox 6lkalarda bu 1 némrali
problemdir

* Barpasl adatan baha basa galir

e "Mukammal" firtinanin yaratmagq ->
ritubat + seysmik faaliyyatlar

20
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caree U Sel falakati

-]
* Asinma, eroziya va yuyulmalar

 Sokilorda va alt yatagda artan
nomlik saraiti

* Nagliyyat harakatinin kasilmasi
e Korpalarin itirilmasi

21




A G

N
caReC 7 Donma-arima

* Donma-arima naticasinda
dayisan sxemlar

* Bazi 6lkalarda daimi
donmus (permafrost) torpaglarin
itirilmasi ila bagli problemlar var

22
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CAREC W7 Infrastruktur zaifliyi / Sok Hadisalarina Fiziki hassaslig

Description Condition x (Capacity or
Utilisation)

Grade 1 withstand substantially more significant climate events <4 .

compared to design standard Irali Saviyya
- withstand more significant climate events compared to 4to7

design standard )

3
Grade 3 withstand the design standard climate event 8toll Standard of protection provided
y h . . by defence

m not able to withstand the design standard climate event 12to 18 Probabiity of ‘
m not able to withstand minor climate events >19 defence failure

Basit saviyya 10 —

—-’#

0 Severity of load event

L ]
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Adaptation

Approach

> Hall kateqgoriyalari

Description

Examples

Avoid damage

Protecting road
assets or
construction new
features

Retrofitting
existing
infrastructure

Catchment area
improvements

Do minimum or

nothing

Delay adaptation
to post-event

In cases of extreme hazard
exposure, or places where there
is a certainty of infrastructure
loss, the damage could be
avoided by relocating
infrastructure to less exposed
areas.

Various protection strategies
exist to avoid hazards impacting
road assets.

Retrofitting involves
strengthening or changing
infrastructure to be less
vulnerable to most likely hazard
impacts.

Taking a more holistic approach
to reducing the hazard exposure
for a geographic area.

Don’t take any resilient specific
actions other than increased
maintenance and renewals.

In some more costly
adaptation options, it may
be more economical to
delay an adaptation
strategy until after an
event.

Coastal roads that are low-lying thus prone to
overtop, and moving inland is a more practical
option.

Flood protection structures
Slope stabilisation techniques

Bridges could be retrofitted to withstand floods
and seismic activities better. E.g. clippings to
strengthen bridge deck's lateral stability on
beams.

Improving overall catchment/stormwater
drainage or improving run-off characteristics

Situations where higher priorities elsewhere or
funding constraints prohibited investment into
resilient options.

Bridge structures that will require
costly relocation could still be functional
until the next significant events. A new
bridge is constructed elsewhere or at
an increased height or strength on
destruction.
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CLIMATE ADAPTATION . y } .
” PLATFORM Home  About CAP Research Papers Case Studles Blog & Articles Events Q

" iglim Adaptasiyasi Platformasi iglim
uygunlasmasi ils bagh todqiqgat islori,
miihazirslar, kitablar, hesabatlar, xabarlor va
elmi moaqalslor dorc etmayi hadofloyir.

MaQSaDiMiz

e 9n son, aktual va etibarli malumatlar tglin portal olmaq
* Yeni Zelandiya praktikasini miimayis etdirmak

* 9n yaxsl diinya tacriibasini yaymaq

* Aparicl mutafakklrlarl blrla§d|rmak_ L

L i —

Tahsil va tallm |mkanlar|n| |nk|§af etdirmak -
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dlave malumat Gcun...

Transport & ICT

Integrating Climate Change
into Road Asset Management

https://tinyurl.com/am-and-climate

Technical Report
APRIL 2017

Presentation Title
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Dr Teuns Hening t.henning@auckland.ac.nz

Sept 2022 Session: Asset Management Information Systems, Dr Theuns Henning
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