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AVOID - Reduce exposure

CONTROL - Mitigate physical impact

TRANSFER - Limit financial loss and aid recovery

ACCEPT - Adaptive response arrangements
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Consider multiple possible futures, where risk(s) change with time

MexaHn3m onpeaeneHnAa cteneHn BaXXHOCTU ABNAETCA K/1l0OYEBbIM AN1A

A3AaHHOIo aHa/1In3a

Source: Hugh Cowen

MN3beraTtb ->0O4eHb Manada 4acTb
MHPPACTPYKTYpPBbI, rae nsberaHme
PUCKOB MOET ObITb
uenecoobpasHbiM - Hanpumep,
npubpexHaa MHOPACTPYKTYPa,
KOTOpaA nosiy4yaeT NoBpeXAeHUA npu
Ka*K4O0M LUTOPME UK NPUIMBE.

MpuHMMaTL ->601bLLIAA YacTb
MHPPACTPYKTYPHbIX CETEN, rae
BEpPOATHbIe NnoTepu byayT
MMUHMMANbHbIMU, N NHBECTUPOBAHUE
B ag4anTauuto 3TUX YacTen bygeT
HepeHTabenbHbIM UK aarke
HEeHYXHbIM.

KoHTponb npoTne nepegaun ->
cucTemMa ynpasaeHUsa akTMBamu
MOMOraeT Ham OTBETUTb Ha AAHHbIN
BOMpOC

* KOHTpO/b -> YacTb WUHPPACTPYKTYPHI,
rae NpPoeKTbl No aganTtaumn 6yayT
KOHTPO/IMPOBaTb noTeHuManbHble
notepu ot cobbITU. (Xopoluasa oTaava
OT UHBECTULMI)

* [lepepaya - pasNMyHble NHCTPYMEHTDI
dUHaAHCUpPOBaAHUA, TaKkue KaK

CTpaxoBaHUe nnu 3anorosble

obs3aTenbcTBa , Moryt 6biTb Honee
NPaKTUYHbIMU
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A. Improvements
Functionality

Lost
Functionality
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Performance Goal:

Time to Recovery of Function

NcTouHuK: https://imgur.com/gallery/3F820t1
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MHPPACTPYKTYpPbI
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CAREC N’ 5BecneyeHms YCTOMUYMBOCTY

1. Capability and Capacity 2. Understand Risks 3. Target Investment =~ 4. Plan & Procedures
Eg ﬁ « Hazard exposure Resilience strategies and E]D +  Emergency management
- People - Impact assessment policies development plans
* Tools - Develop criicality + Asset management to = Criticality planning for
Skills improve robustness infrastructure
Processes * Decision making under
uncertainty

Improving Ongoing Resilience

Readiness Preparation

Recovery & Reconstruction

Response

6. Emergency Management
Choose appropnate Rethink asset service

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

+ Restoring critical infrastructure Minimize immediate harm
procurement tools needs Rapid damage assessment to assets and operations
Governance Support to communities = Provide information where
Portfolio management

needed
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CAREC YCTOMYMBOCTU

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)

NcTouyHUK: HaunoHanbHbIN nccnegoBatenbckmin coset(2010)
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YpesBblvanHoe cobbiTne

CBo/AKa WTOPMOB B BaliTaku
LLTopm
HaBogHeHue B
HasogHeHue, N
mat 2010 Bantaku, nionb
2017
Ocagku (244) 124mm 174mm
Mepuoa 1/100 1/100
NOBTOPAEMOCTU
KonmqeciTBo 120 35
nepeKkpbITU aopor
Konnyectso
pa3spyLUEHHbIX UK 0 2
3aKpPbITbIX MOCTOB
3aKpbITHe
aBTOMarucTpanemn 2 1
wraTa
MpoaonxkmTenbHoC
Tb nepeboes & . 7 4yacos 0 yacos
paboTe A0pPOXKHOM
cetun
3aTpaTbl Ha $350000
OOPOXKHYO $1,500,000 | ($250,000 Ha
NHOPACTPYKTYPY MOCT)

OnpepenstoLume Jo apantaumn | MNocne agantaumu
¢hakTopbl (HaBogHeHVe B (HaBoOHeHVe B
2010) 2017)
3aTpaThbl Ha 5 4
aganTtaumio
3akpblTHe gopor 2 4
3aKkpbITE MOCTOB 5 4
3akpbiTne 1 3
arncTparnbHbIX 40POT
HapyweHwne paboTbl 5 3
TPaHCNOPTHOW CETU
Bpewms
BOCCTaHOBNEHUA 2 3
TPAHCNOPTHON CETU
3artpatbl Ha 2 4
TPAHCMOPTHYIO CETb
Onpegensatowum 571 357
dakTop
dakTop
3 HEKTUBHOCTH . 0.9
UHpekc agantaummn 2.7 3.2
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Onpe.qeneuue cetu -
HenpOCTpaHCTBeHHbIe OaHHble

[aHHble 0 KpMTM‘-IHOﬁ Ba*XHOCTH
cetn

UHPopmaumsa o pusmueckux
acneKTax oKpy»KaloLiei cpeasbl,
TaKas KaK TUMNbl NOYBbl, BOAHbIE
nyTv U BOA,OTOKMU

MUcTopryecKmn CnoxmusLIMecs 1
TeKylme NorogHble ycnoBus

Pucku yuep6a Bbi3BaHHble
BOAoM (Hanpumep, 3aTonneHue,

PUCKM reoonacHocTein
(Hanpumep, ononsHu u
KamHenagbl

dyHKuMA goporu/coumanbHo-
3KOHOMMUYECKAA MU KyNbTypHasA
[eAaTenbHOCTb coobLectsa

WUcTopuueckune aaHHble 06
ocagkax/wropmax u/uam apyrux
NorogHbIX BO3AENCTBUAX Ha

MHOPaCTPYKTYypy

HanmeHoBaHue TMnoBs MpumeHeHue TpaguunoHHoO
OaHHbIX cobupaemble

3HaTb «rAe YTO HaXoAMUTCA»

BblfiBNIeHHbIE KPUTUYECKU (KM3HEHHO) BaKHble aKTWBbI ,
KoTopble 6yayT 06CNyKMBATbCA MO MHbIM CTaHAAPTam B
CpaBHEHWM C OCTa/IbHOW AOPOXKHOM CETbIO

HanoseHne  KaMmaTuyeckod  uMHbopmauuu  ans
NpoBeAeHNA OLEHKM YA3BUMOCTM

MoHMMaHMe  XxapaKTepa  LWTOPMOB M  NepuMoaoB
NOBTOPEHUA - WUCNOJIb30BaHWE ANA MPOEKTUPOBAHMA WU
OLLEHKM YA3BUMOCTM

YacTu nam coeanHeHna [opor , KOTopble MOryT bbiTb
noABepKeHbl PaspyLLUEHUIO UM PUCKY B BUAY
He[0CTaTOYHOro obecneyeHns ApeHarka

YacT uan coeauHeHuA LOpor, KOTopble MOryT 6biTb
noagepyKeHbl paspyweHuio  uau pUCKy  u¥3-3a
reoonacHocTen

Mcnonb3yetca pns onpepeneHns
NpMOPUTETOB/ONTUMM3ALMM TEXHUHECKOTO
06CNYKUBAHMA U KanNUTaNbHbIX MHBECTULMIA A0 M Nocae
LLIOKOBOrO CObbITUA

Kakoe KOHKpeTHoe BO34eWCTBME Ha MHOPACTPYKTYpy
oKaszana nwbas  norogHas aKTUMBHOCTb, Hanpumep,
3aTON/EHHbIE AOPOTM, PaiOHbl, MOABEPNKEHHble CHOAM,
CBAAI3aHHbIM C BOAOW, U T.A.

/=N JaHHble no KJINMATY U YNPaBJEHUIO

IDS

Infrastructure
Decision Support

Mb! TaKXe A0MXKHbI
npeobpasoBaTb
XapPaKTEPUCTUKY U

3P PEKTUBHOCTb aKTUBOB B

XPYMNKOCTb
1 Standard of protection provided
Il by defence
Probability of
defence failure
10 ——
’ v
{
I
—— “tue"fagiity
!
i
i
- ,1
0 - >
0 Severity of load event
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o U o

Specific Climate Adaptation/
Resilience Initiatives

Climate Change Risks

%ot

Other Hazards (e.g. Geo-
hazards) -
Reswllence Improvement and

Climate Adaptation Strategies

Climate Responsive Asset
Management Processes

Disaster Response Planning

Major Adaptation
Projects

Maintenance
and Renewals

‘o
38N

Community Resilience

Recovery and
Rebuild Planning

=@
(k)
®—@
Organizational
Readiness

A
“-n
o

Disaster Response
Management

® YnpaBneHune aKTMBamm
ABNAETCA MOLHbIM
cpeactsom anAa bonee
LLeNOCTHOro noaxoAa K
aganTaumm

* [laHHble K pe3y/ibTaTbl

ynpaB/ieHNA aKTMBaMMU
MOTYT ObITb MONE3HbI
AN1A NPOEKTOB
KannTanbHOTo
CTPOUTENbCTBA U
ynpaB/ieHns
CTUXUNHDBIMMU
6encTBUAMMU

* Haw aHanus

Hy»XaaeTca B 6bonblien
couManbHO-
3KOHOMUYECKOWM
HanNpPaBAEHHOCTH, Yem
Korga-nnbo npexxae
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CAREC M HpOBe,ﬂ,eHMe oueHKN KTIMMaTn4eCrKnNX PUCKOB
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(Past and Present) (Future) Hazards (e Hazard Exposure Impact on
chimate and Climate Change Floodin ).g. (exposure map for Infrastructure & Climate Risk
Weather Data Models g given hazard) Communities

Ana paccmoTpeHuma:

* [lo aHan13 noaBepKeHHOCTN onacHOCTU, MHPopmaLma byaeT obuien Ana Bcex rpynn akTUBOB.
* AHanun3 KOHKPETHbIX BO34eNCTBMI ByaeT pa3/IMyHbIM A1A Pa3HbIX rPYnn akTUBOB.
* BapwuaHTbl peanunsaumm
* OueHKa pucka ana Hebonblunx reorpadpmyeckmx 30H (Hanpmmep, 30H NOBbLILEHHOTO PUCKa)

® nepBOHa‘—IafleO NPoOBECTUN NOZTHYIO OUEHKRY PUCKA ANA KOHKPETHbLIX rpynn aktTuBoOB

* [lpoBecTM NONHYIO OLEHKY PUCKa 418 K1acTepoB coBeTa (CM. TemaTudeckoe uccnesosaHue Resilient South)




=~ KNUMATUYECKNX NOCNeacTBUN

* AHanus
4HyBCTBUTE/IbHOCTU
° MaCLUTa6l/IpOBaHHbIe KAMMaTn4eCkmne mogenu ° 3KCTpa|_|Of|F|L|.MF|
Global Climate Models ===  Regional Climate Models = Extraction of regional series TpeHnulOB

for downscalling at local stations

* MacwTtabupoBaHue
e 51 Mmoaenen

) * [eHepaTopbl Noroapl

* IMnupunyeckasn/

Iratxe Gonzalez-Aparicio ANHaMNYEeCKaA
NOKan3auumAa
(AayHCKEeNnHr)

UcmoyHuk: HayuoHaneHaAa
aKademusa HayK
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Impacts of Weather & Climate Change on Transport Infrastructure

- UcTtouHnk UK-Aid
AN A\ A\ B BN\
=8 Sea level rise, storm Strong wind Increasing precipitation Change in mean Extreme
= surge and flooding and storms inftensity precipitation heat
g ) L
d & = & O~

1 1
1)/ 3 7 1/// 0

Climate event impacts

May 2023
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CAREC \\../ AOPOI

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 (Grendstad, 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
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AOPOAKHbIE NMORPbITUA

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

| d rainfall
nereased rainta through providing surfaces with better waterproofness.

MG, Permanent Defor mation {micro-m)

OMC

500
430
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350
300
250
200
150
100

S0

o

— State 1
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— ctate 4
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10000

20000 20000 40000 50000 60000

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.

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 = :SO 1 - State 2

movement) surface. £ 400 4 e State 3

E 350 [ ] -—H—s_tate4_

Increase variations E < 300 -""z::zg

between coldandhot | ¢  Temperature cracks s < _ :
< § 250
temperatures = Saturated undrained
s 1350
Extreme high e Decrease in viscosity of the bitumen binder leading to flushing 5 100
temperatures ® Increased hardening of the bitumen (oxidation) g w0
o T T T T T |
Increased droughts ¢ Increased cracking 0 10000 20000 30000 40000 50000 60000

Loading Cvcles




cAREC W7 CnonsaHune rpyHTa v OMoI3HU

* B HEKOTOPbIX CTPAHAX 3TO Npobaema
Nol.

e Kak npaBn/i10, BOCCTAaHOB/IEHUE
o0bxoauTCcA o4eHb AOPOro

* DopMmmpoBaHUMe KaTacTpoduryeckom
CUTYaUMKU-> BNAXKHOCTb +
cerCMMYecKasa akTUBHOCTb

20
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carte () HaBoaHeHwe

* [Mepenns, 3po3unA U pa3mbiB
rpyHTa

* [loBblWEHHAA BNAXKHOCTb
NOPOXKHbIX NMOKPbITUN U
FPYHTOBOro OCHOBAHMA

* [IpeKkpalweHne JOPOKHOro
NBUXKEHUA

* [loTepa mocCToB

21
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C ARE“‘C‘ W UMK «3amep3aHune-oTTanBaHue»

* PasnnyHblie moaenu UmKNa
«3amep3aHne-oTTanBaHme»

* HeKoTopble CTPaHbl CTAa/IKNBAOTCA C
npobnemon noTepm BEYHOU MeP3/10Tbl

22
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CAREC N\’ nepen noTpsaceHUAMY

Description Condition x (Capacity or
Utilisation)
Grade 1 withstand substantially more significant climate events <4
compared to design standard I_I poplB M HyTbI l‘;l ypo Be H b
- withstand more significant climate events compared to 4to7
design standard )
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
Ba3oBbll ypoBEHb 1 -
s
i
I
e “true" fragility
!
H
ﬂr
4
= - - —
0 >

0 Severity of load event
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Adaptation
Approach

Avoid damage

Protecting road
assets or
construction new
features

Retrofitting
existing
infrastructure

Catchment area
improvements

Do minimum or

nothing

Delay adaptation
to post-event

Description

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.

) KaTeropumn obpaboTku

Examples

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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- Ilnarpopma «AganTanusa K U3BMEHEHHIO KJIMMaTa»
HalpaBJ/ieHa HA NyOJIMKALUI0 HAyYHbIX Pa6oT,
JIEKIJU, KHUT, 0TYETOB, HOBOCTE U HAYYHBIX
cTaTei MO aJanTalMy K U3MEeHEeHUI0 KJIMMarTa.

HALWIA LE/Ib

* DBbITb NOPTAJIOM, COAEPKALLMM CBEXKYI0, aKTYaJIbHYIO U
JIOCTOBEPHYI0 MHPOpPMALIUIO

* JleMOHCTpPUPOBATH MPAKTUKY NpUMeHsaeMyto B HoBou
3enaHauu

* PacnpocTpaHATh epeZjOBYI0 MUPOBYI PAKTUKY

* HasnaXuBaTb B3aUMOJAEUCTBUAE MEXAY BEAYIIUMUA o

— MbICHUTeAIMU HapaniyuBaTh NOTEHIMaA B 00J1aCTH
S ~,
.~ obpasoBaHus U IPOPECCUOHATBHOW MOATOTOBKHU

S——

—
—— i
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Transport & ICT

[lononHuTenbHaa MHGopmaums...

Integrating Climate Change
into Road Asset Management

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