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CAREC N’ apnAeTcA 4eM-TO HOBbBIM
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A0 o\ KOHTeKCT - npobema, KOTOPYHO Mbl MblTaeMCH

CAREC o’ pewnTs

* UN3b6eratb ->0O4eHb Manas YacTb
MHPPACTPYKTYPBbI, rae ndberaHme
CONTROL - Mitigate physical impact PUCKOB MOXeT bbITb
uenecoobpasHbIM - Hanpumep,
npubpexHaa NHGPACTPYKTYpPa,

AVOID - Reduce exposure

TRANSFER — Limit financial loss and aid recovery

ACCEPT - Adaptive response arrangements KOTOpPaA NonydyaeT nospexaeHnA npu
KaXXaom WTopMme nianm npuamee.
Avoid Control Transfer Accept
100% .""{; ............... P A—— e ) / Assumed Event \ ° anIHMMaTb ->6OI'IbLuaﬂ l‘luaCTb
L ."'..‘ Frequency VlHd)paCTPYKTyprIX ceten, rae
o Y\ 25 yr BEPOATHbIE NOTEPU 6y,u,yT
= \\ 3 MUHWUMaNbHbIMW, U MHBE\FTMpOBaHMe
P AN = == 100y B a4aNTauuo 3TUX YaCTen 6y,£I,ET
N N T HepeHTabenbHbIM UK AaxKe
N . \\s T, - .- - 500 yr HeHy)KHb”V\_
- R T
T == BTl S * KOHTpO/Ib NPOTUB Nepesayun ->
oo\ ) CncTtema ynpaBneHumA aktmsamm
Percentage of Assets MnomoraeT Ham oTBeTuTb Ha AaHHbIUN
Bonpoc
* KoHTpo/b -> YacTb MHOPACTPYKTYpPbI,
Consider multiple possible futures, where risk(s) change with time rae npoekTbl no agantaumm byayT
KOHTPO/ZINPOBATb noTteHuunanbHblE
Source: Hugh Cowen notepwm oT cobbITHit. (Xopoluasa oTaaya
OT MHBECTULNIA)
* [lepepaya - pasnnYHbIE UHCTPYMEHTDI
MexaHu3m onpeaeneHna cTteneHn BaXKHOCTU ABNIAETCA KAKOYEeBbIM ANA duHaHcpoBaHus, Takne Kak

CTpaxoBaHue unu 3a/10roBble
obsazaTenbcTtBa , moryt 6bITb Honee
NPaKTUYHbIMU

AaHHOIro aHa/In3a
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A. Improvements
Functionality

Lost
Functionality

A 4

>

: > Time
Performance Goal:

Time to Recovery of Function

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



W A\ K/1104€B0# Nockin - AAaNTauma K U3SMEHEHMIO KIMMaTY ABNAeTCS
CAREC L7 ABUXKYLLMM GaKTOPOM yNpaBaeHUA akTUBOB, U yNpaB/eHwe

peanm3yeTca B COoTBeTCTBUN C 3 TUMIM XKe rnpouecCamm

MoHun 7 o
MaHMe KINeHTa 1 ero notpebHocTel CopmepxaHue crapetolueli

NHPPACTPYKTYpPSI

N3meHeHMe gemorpadunyeckomn

cuTyaumm u ypbaHusaums
ApanTtauma K

N3MEHEHUNIO KNNMaATa

NHpacTpyKTypHbIE
ycnyrm

lNpocTpaHCTBEHHAA cermeHTaumA

».d
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Mmetowmecs pecypcsl



AT £\ BKNa ynpaBieHns akTUBaMM B LMK/
CAREC \ obecneyeHms yCTONYMBOCTU

1. Capability and Capacity 2. Understand Risks 3. Target Investment =~ 0 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

. Emergency Management
Choose appropriate Rethink asset service + 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

H, 9. Programme Delivery f 8. Built Back Better Planning ‘ 7. Crisis, Continuity & Comms E 6




A0 Lo\ T10AX0/ K N1aHMPOBaHMIO Ha OCHOBE aHaM3a

CAREC "\ __/ VCTOMYMBOCTM

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

/ impacts)
bl
J'
8. Monitor and reassess s 2. Establish decision-making criteria
(e.g., measure GHG, hazard impacts, costs) ! (9'9'_’ minimize c?cl)sts and risks,
/! ¥ maximize reliability, ensure
s e equity, protect ecosystems)
f“ !"
‘J "f
7. Implement decision / .
(e.g., coordinate and integrate / No o
into management) / i
3 3. Assess risk
“ YES ! (e.g., model potential climate impacts or
| ! emission scenarios, analyze vulnerability
6. Make decision e or life cycle emissions)

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,

NcTouHKUK: HaumoHanbHbIN nccnegosatenbckmin coset(2010)

pass regulations, increase
insurance)
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CBoJiKa WTOPMOB B BaliTaku

LLTopm

HasogHeHue B

YpesBblyanHoe cobbiTne

HasogHeHue, N
vadt 2010 Bantaku, ntonb
2017
Ocagku (24y) 124mm 174mm
Mepuoa 1/100 1/100
NOBTOPAEMOCTU
KOHMLIESTBO 120 35
nepeKkpbITUM Jopor
Konunuectso
paspyLeHHbIX Naun 0 2
3aKpPbITbIX MOCTOB
3akpbiTHe
aBToMarucrpanem 2 1
wraTa
MpoponKuTenbHoc
Tb nepeboes b . 7 yacos O vacos
paboTe A0POKHOM
cetn
3aTtpaTbl Ha $350000
[OPOXKHYIO $1,500,000 | ($250,000 Ha
NHPPACTPYKTYPY MOCT)

Onpegensiowne [o apantauuu |[llocne agantayuu
doakTopsbl (HaBOAHEHNWE B (HaBOAHEHNWE B
2010) 2017)
3atpaTtbl Ha 5 4
agantaumio
3akpblTve gopor 2 4
3aKpbITE MOCTOB 5 4
3akpbiTne 1 3
armcTparnbHbIX 40pOr]|
HapyweHune paboTbl 5 3
TPaHCMNOPTHOW CETH
Bpewms
BOCCTaHOBJIEHUS 2 3
TPaHCNOPTHOWN CETU
3arpartbl Ha > 4
TPaHCNOPTHYH CETb
Onpeaenatowmn 2 71 357
drakTop
dakTop
3thdhekTUBHOCTH ! 0.9
MHpgekc agantaumu 2.7 3.2
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CAREC N’ akTMBAMM
I

Onpe.qeneuue cetu -
HenpOCTpaHCTBEHHbIe AaHHble

[aHHble o KpMTM‘IHOﬁ Ba*XHOCTU
cetn

UHdopmauma o pusmnueckunx
acnekTax oKpy:Kaiouieii cpeapl,
TaKaA Kak TUNbl NO4BbI, BOAHbIE
nyTv U BOA,OTOKMU

UcTopuuecku cnoxmsLumecs n
TeKyLLue NoroaHble yci108uUA

PUcKu yuep6a Bbi3BaHHble
BoAoM (Hanpumep, 3aTonneHue,

PuUcKu reoonacHocTei
(Hanpumep, ononsHu u
KamHenagapl

dyHKUMA goporu/coumnanbHo-
3KOHOMMYECKAA WU KYNIbTypHaA
AeATeNbHOCTb coobuiectsa

UcTopuueckue gaHHblie 06
ocagKax/wropmax u/vnm apyrmx
NOroAHbIX BO34EUCTBUAX HA

MHOPACTPYKTYpy

HanmeHoBaHue TMNOB MpumeHeHue TpaaAULMOHHO
BAHHbIX cobupaemble

3HaTb «rge YTo HaxoguTca»

BbIfBNIEHHbIE KPUTUYECKU (}KM3HEHHO) BaKHble aKTWBbI ,
KoTopble 6yayT 06CNYKMBATbCA MO MHBIM CTaHZAPTaM B
CpaBHEHWM C OCTaNbHOM AOPOXKHOM CETbIO

HanoxxeHwne KAMMATUYECKON nHbopmaLmm ana
nNpoBeAeHNA OLLEHKMN YA3BUMOCTHU

MoHMMaHMe  xapaKkTepa LWTOPMOB W  Mepuosos
NOBTOPEHUA - WCMOAb30BaHWE A8 MNPOEKTUPOBAHUA M
OLEHKM YyA3BMMOCTU

Yactm uam coeguHeHNUsA AOPOT , KOTOPbIE MOFYT 6bITh
NoZBEepPKeHbI Pa3pyLUEHWNIO UAN PUCKY B BUAY
HeAOCTaTOYHOro obecneyeHnn gpeHarka

YacTm uAM coeauHEeHMA LOPOr, KOTopble MOryT 6biTb
NoABepyKeHbI paspyweHuio  uan pUCKy  uM3-3a
reoonacHocTen

Mcnonb3yeTca ans onpeaeneHuns
NpMopUTETOB/ONTUMMU3ALLIMM TEXHUYECKOTO
06CNYKMBAHUA U KaNUTaNbHbIX MHBECTULLMIA A0 M Nocne
LLIOKOBOTO COb6bITUA

Kakoe KOHKpeTHoe BO34elcTBME Ha MHOPACTPYKTypy
oKasana nwbas norogHas aKTMBHOCTb, Hanpumep,
3aTOMNEHHbIE [O0POrY, PaloHbl, MOABEPMKEHHbIE CHOAM,
CBA3aHHbIM C BO4OW, U T.4.

£\ [JaHHble NO KAMMATY U YyNpaBAeHUIo

IDS

Infrastructure
Decision Support

Mbl TaK»Ke JOMKHbI
npeobpa3oBaTb
XapPaKTEPUCTUKY U

3pdEeKTUBHOCTb aKTUBOB B

XPYNKOCTb
1 Standard of protection provided
Il by defence
Probability of
defence failure
1.0 ——
’ -
{
I
—— “tue"fagiity
!
i
I
- ’1
0 -t >
0 Severity of load event
Simm&Tarrant




/ w ’CAREC§ YHpaBneHme dKTNUBaMWU MNMpPpU aalnTaulm K

CAREC

U3IMEHEHWNIO K/IMMATA

o U o0

Specific Climate Adaptation/
Resilience Initiatives

Climate Change Risks

%ot

Other Hazards (e.g. Geo-
hazards) -
Re5|||ence Improvement and

Climate Adaptation Strategies

Climate Responsive Asset
Management Processes

Disaster Response Planning

Major Adaptation
Projects

Maintenance
and Renewals

Communlty Resilience

Recovery and
Rebuild Planning

A=®

(b )

®-—@
QOrganizational

Readiness

7a
“-ﬂ
o

Disaster Response
Management

® YnpasneHue akTMUBaMu

ABNSAETCA MOLLHbIM
cpeactsom ana bonee
LLeNOCTHOro noaxoaa K
aganTtauum

[laHHbIe n pesynbTaThl
ynpaBAeHUsA akTMBamMM
MOTYT ObITb MONE3HbI
ANA NPOEKTOB
KanuTaabHOro
CTPOUTENbCTBA U
ynpasneHus
CTUXUNHBIMU
6encTBNAMMK

Haw aHanus
Hy»KaaeTcs B bonblien
coumanbHo-
3KOHOMMUYECKOWM
HanNpPaB/NEHHOCTH, YeM
Koraa-nubo npexkae
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CAREC M ﬂpOBe,ﬂ,eHl/le OUeHKN KIMMaTn4eCrnNX PUCKOB

oo i ogpon tecnmt Cocpentcn i gom

(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 NoOABEPKEHHOCTU ONACHOCTU, MHGOopPMaumAa byaeT oblien ana Bcex rpynn akTMBOB.
* AHanu3 KOHKPETHbIX BO3AENCTBUIM ByaeT pa3NnMyHbIM AN1A PA3HbIX FPYNMN aKTUBOB.
* BapwuaHTbl peanunsaymm
* OueHKa p1cka ana Hebonblmx reorpadmyeckmx 30H (HanpMmep, 30H NOBbLILWEHHOFO PUCKa)

® I'IepBOHaqaano npoBeCTU NOJIHYHO OUEHKRY PUCKA AN1A KOHKPETHbLIX rpynn akTuBoB

* [poBecTn NOMHYIO OLLEHKY PUCKa ANA KacTepoB coBeTa (Cm. TemaTuyeckoe nccnegosaHue Resilient South)




A0 N\ BapuaHTbl aHaAM3a BO3MOXHbIX

CAREC \_/ v
7 KANMMaTnyecCckunx nocanengcrsmnu
-
* AHanus
HyBCTBUTE/IbHOCTHU
° MaCLLITa6I/IpOBaHHbIe KIMMaTU4eCKMeE Mmoaenu ° 3KCTpa|'|OI'IFI LS
Global Climate Models == Regional Climate Models wmmp Extraction of regional series Tpe HAO B

for downscalling at local stations

* MacwTabupoBaHue
-. L mogaenem
o

 [eHepaTopbl NoroApl

* IMnupunyeckasn/

Iratxe Gonzalez-Aparicio ANHaMUNYEeCKad
JIOKaNn3aums
(AQYHCKENNUHT)

UcmoyHuK: HayuoHaneHas
aKademusa HayK
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Impacts of Weather & Climate Change on Transport Infrastructure

- UcTtouHuk UK-Aid
A [N &\ AN B LB\
=8 Sea level rise, storm Strong wind Increasing precipitation Change in mean Extreme
= surge and flooding and storms initensity precipitation heat
- =5
5 &> > -O-

1 1
1)/ i 1/// N

Climate event impacts

May 2023



A0 o\ Bospgenctene nsmeHeHUA KnMmaTa Ha
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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 dry days)

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

Consolidation of the substructure 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




A0 o\ KamaTuyeckoe Bo3aencTBMe Ha
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AOPOHKHbIE MOKPbITUNA

Climate Impact How it Impacts the Road Surface

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

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

Floodin o Delamination of the surface
& 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 {micra-m)

OMC

500
430
400
330
300
230
200
130
100

50

e State 1
i State 2
e State 3
e state 4
i State 5
== State &

10000 20000 30000 40000 30000 60000

Increase variations
between coldandhot | ¢  Temperature cracks

temperatures
Extreme high e  Decrease in viscosity of the bitumen binder leading to flushing
temperatures ®  Increased hardening of the bitumen (oxidation)

Increased droughts ®  Increased cracking

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.

MG, Permanent Defarm ation {micra-m )

Undrained

300 -
2350
200

130
100
50

o

0
e Increased risk for aqua/hydroplaning Loading Cyeles
. . . . . 500 e State 1
Sea level rise (tidal e  Blistering of surface as a result of pressure build-up below the 150 ——tate2
movement) surface. 200 e State 3
[ e sta te 4
350 == State 5

== State §

Saturated undrained

20000 30000 40000 30000 60000

Loading Cyecles

10000




* B HEeKoTopbIX CTpaHax 3To Nnpobnrema
Neol.

e Kak npaBn/i0, BOCCTAHOB/NIEHUE
o0b6xoaAmnTCcaA o4eHb A0POro

* PopmmpoBaHmMe KaTacTpopuyeckom
CUTYaLMU-> BNAXKHOCTb +
cemcMmmyeckaa akTUBHOCTb

20




CAREC "7 HaBogHeHue

* [lepenuns, 3p03nA U pa3MmbiB
FPYHTa

* [loBbIlWeHHasA BAAXKHOCTb
AOPOHbIX MOKPbITUN U
FPYHTOBOrO OCHOBAHMA

* [IpeKpalleHne AOPOXKHOro
NBUXKEHUA

* [loTepAa MOCTOB

21




CAREC \_" LUnkn «3ame P3dHNE-OTTanBaHNED

* PasnnyHble moaenu umnKkna
«3amep3aHne-oTTanBaHme»

* HeKoTOpble CTPaHbl CTAa/IKNBAOTCA C
npobsiemon NnoTepm BE4HOM MEepP310Tbl

X

22




/ % /‘CARN@\\W XpynKoCcTb MHOPACTPYKTYpPbI / PU3mMyeckan ya3BMMOCTb
CAREC \\../ mepen noTpsAceHUAMM

Description Condition x (Capacity or
Utilisation)
Grade 1 withstand substantially more significant climate events <4
compared to design standard I_I pOAB 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 8to1l Standard of protection provided
” . . . 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
Ba3oBbIl ypoBEHb 1 -
s
i
I
e “toe" fragilty
!
H
IJ
-
L -
0 =l

0 Severity of load event
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Adaptation

Description

Examples

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

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
» PLATFORM Case Studles - Blog & Articles ~

" MNnatdopma «AganTauua K USMEHEHUIO KAMmaTa»
Hanpas/ieHa Ha Ny6nKauuIo Hay4HbIX PaboT, eKuun,
KHUTI, OTYETOB, HOBOCTEM MU HAY4HDbIX CTaTei no
agantaumm K UsMmeHeHuto KAmmara.

HALLIA LLENb

* BbITb NOPTaNIOM, COAEPKALLMM CBEXKYIO, aKTya/IbHYIO U
A0CTOBEPHY0 MHGOPMaLLUIO
* [leMOHCTpMpOBaTb NPAKTUKY NpumeHaeMyto B HoBon 3enaHamm
* PacnpocTpaHATb NepeaoByt0 MUPOBYIO MPAKTUKY
* HanakmsaTb B3aMMOAENCTBME MEXAY BEAYLNMMN MbICAUTENAMM
HapalmBaTtb NoTeHLUMan B 061acTv 06pasoBaHUA U
S npodeccnoHaNbHOM NOAFOTOBKMU
— = [lpoBoaunTb 3KCNepTHble BeO6MHapPbI, CEMUHaPbl N KOHdEepeHUMUM
— = = TpefocTaBaaTb BOSMOKHOCTY AIA HANAKMBAHUA KOHTAKTOB -~ s

~climateadaptationplatfa

——
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Transport & ICT

[lononHuTenbHasa MHPGoOpPMaUmA...

Integrating Climate Change
into Road Asset Management

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

¥
F L, S

@ WORLD BANK GROUP i sl

Presentation Title
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May 2023 Session: Asset Management Information Systems, Dr Theuns Henning




