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Climate change adaptation frameworks
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« RIMAROCC - RIsk MAnagement for ROads in a Changing Climate
« An ERA-NET ROAD framework (2010)
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Climate change adaptation frameworks

« ROADAPT
* Roads for today, adapted for tomorrow
« CEDR (2015)
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ROADAPT

Roads for today, adapted for tomorrow

Guideline on the Guideline on Guideline on
use of data for performing a performing a
the current and GlS-aided sSocio economic
future climate vulnerability impact analysis
assessment
Cause Effect Consequence
Risk
Evaluation
Guideline on
per_formlng a Integrated with
quickscan _ _
(preliminary Overview of adaptation RIMAROCC
measures and guideline framework

climate change
risk assessment)

on choosing a strategy

Risk mitigation
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Climate change adaptation
frameworks

* Federal Highway Administration

* Vulnerability Assessment and
Adaptation Framework

. FHWA (2020)
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VULNERABILITY ASSESSMENT AND

ADAPTATION FRAMEWORK

SET OBJECTIVES AND DEFINE SCOPE

Articulate Define Study ci:epl;-ct an.r:i Identify Key Climate
Objectives Scope haracterize Variables
Relevant Assets

Monitor and Revigjt

COMPILE DATA

Asset Data Riverine Hydrology

Temperature & Precipitation Projections ~ Coastal Hydrology

ASSESS VULNERABILITY
Indicator-Based Engineering-
E ol 2ol st Desk Review Informed Assessment
Consider Risk

ANALYZE ADAPTATION OPTIONS

Multi-Criteria Analysis Economic Analysis

INCORPORATE RESULTS INTO
DECISION-MAKING

Transportation Planning
Environmental Review
Engineering Design
Transportation Systems Management and Operations
Asset Management
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Natural Hazard Resilience Assessments
From Theory to Practice

Vulnerability

RISK

Hazard

Exposure

Risk Components
(UNISDR 2016)

Hazard

Exposure

assessment assessment
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Hazard
What can cause risk?

T

Exposure
What road infrastructure
isin harm’s way?

Mability

How much damage to

Vulnerabllity Im

assessment

assessment

| the road will it cause?

Cascading effects
How much losses will
society bear?

Impact

Resilience
evaluation

pact

Action
perspective
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ROADAPT QuickScan approach

* QuickScan — what are the most important risks?

Only for the biggest risk
* Vulnerability assessment of the road
« ldentification of measures

e Socio economic analyses
— do benefits outweigh the costs?

« Climate change adaptation strategy
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ROADAPT

Roads for today, adapted for tomorrow

Guideline on the Guideline on Guideline on
use of data for performing a performing a
the current and GlS-aided socio economic
future climate vulnerability impact analysis
assessment
Cause Effect Consequence
Risk
Evaluation
Guideline on
gﬁrfcolgncggrl\ a Integrated with
(preliminary Overview of adaptation RIMAROCC
measures and guideline framework

climate change
risk assessment)

on choosing a strategy

Risk mitigation
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Approach

* QuickScan — what are the most important risks?

*Only for the biggest risk
* Vulnerability assessment of the road
« ldentification of measures

e Socio economic analyses
— do benefits outweigh the costs?

« Climate change adaptation strategy
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ROADAPT

Roads for today, adapted for tomorrow

Guideline on the Guideline on Guideline on
use of data for performing a performing a
the current and GlS-aided socio economic
future climate vulnerability impact analysis
assessment
Cause Effect Consequence
Risk
Evaluation
Guideline on
SEZLOII?J;% a Integrated with
(preliminary Overview of adaptation RIMAROCC
measures and guideline framework

climate change
risk assessment)

on choosing a strategy

Risk mitigation
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QuickScan steps

Deltares

Step 1 - Desktop 1 - prepare Quick scan

- Step 1.1 - Scope definition/ Establish context

- Step 1.2 - Identify risk sources and possible relevant threats

- Step 1.3 - Determine importance of road sections in road network
— Step 1.4 - Prepare workshop 1

Step 2 - Workshop 1 - consequences

- Step 2.1 Agree with participants on Quick scan approach
— Step 2.2 Establish consequence criteria

— Step 2.3 Estimate the consequences of the threats

- Step 2.4 Evaluate the scoring of consequences

Step 3 - Desktop 2 - prepare workshop 2

Step 4 - Workshop 2 - probabilities, risk and locations

- Step 4.1 Agree on study method and share status of research
- Step 4.2 Score the probabilities of the threats

- Step 4.3 Evaluate the scoring of probabilities

- Step 4.4 Evaluate and prioritize the risks

- Step 4.5 Identify location of threats

Step 5 - Desktop 3- provide arisk overview

Step 6 - Workshop 3 — action plan

— Step 6.1 Wrap up of previous results

- Step 6.2 Determine unacceptable risk; which threats require action?
- Step 6.3 Determine action plan

- Step 6.4 Prioritize actions

\ Only relevant threats /

Only high risk
threats

Jnacceptabl
threats only

Webinar 1: Climate Change Impacts and Adaptation for Transport Networks
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Quick Scan results
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conseguence

Current risk for road

( g "}

{
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Quantitative resilience assessments

* Vulnerability functions
« Resilience functions
« Combining hazard maps with different return periods

* Prioritizing matrix
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Overview of steps (RA2CE)
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Hazard maps

* Normally input from:
— Meteorological institute (direct impacts like temperature)

— Relevant authority (e.g. for making hydrological assessment to generate flood maps)

« Ideally hazard maps for different return periods (example Netherlands: 30 — 300 — 3000 - > 10000 )

ation for Transport Networks
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Hazard maps

* Normally input from:
— Meteorological institute (direct impacts like temperature)
— Relevant authority (e.g. for making hydrological assessment to generate flood maps)

» Ideally hazard maps for different return periods
« Determine exposure, vulnerability and losses for all return periods
« Calculate the yearly to be expected damages and losses

« Sometime no hazard maps are present
— Often the case for landslides: susceptibility maps
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Quantitative Vulnerability and Resilience assessments

Vulnerability = percentage of construction costs
for a hazard intensity

100
High resilience
R oy R o
8 T:“
Y o
] =
2 :
- L
Low resilience
0 1 2 3 4 5 6
Flood water depth above road surface [m] T
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Vulnerability functions

1016 K. C. H. van Ginkel et al.: Flood risk assessment of the European road network

Table 1. Road construction costs and maximum damage per road type, differentiated between low flow (low-flow velocities) and high flow
(high-flow velocities). The values present the average for the former EU-28, in millions of euros (year 2015) per kilometre.

Deltares

Road Lanes Construction Max Max Max damage Max damage Huizinga | Applicable
type (=) cost range damage damage (low flow) (high flow) max damage® d damage
(millions of  (low flow)  (high flow) (millions of (millions of (millions of curvesd
euros per (=) (=) euros per euros per euros per
kilometre) kilometre) kilometre) kilometre)
Relative to construction costs | Absolute values |
Motorway 2x2  3.5-35 20% (ac)b 22% (ac)b 3.9-7.0 (ac)® 4.2-7.7 (ac)¢ 090 | C1,C2
4% (s’ 35% (si)P 0.1-0.8 (si)¢ 1.2-6.7 (si)° C3,C4
Trunk 2x2  25-75 20% (ac)® 22 % (ac)® 1.0-1.5 (ac)° 1.1-1.7 (ac)° 0.60 | C1,C2
4% (s.:i)b 35% (si)b 0.10-0.20 (si)*  0.88-1.75 (si)* C3,C4
Primary 2x1 1.0-3.0 5% 35 % | 0.050-0.150 0.350-1.050 0.25 | C5, C6
Secondary 2 x 1 0.50-1.5 5% 35% | 0.025-0.075 0.175-0.525 0.225 | Cs5,C6
Tertiary 2x1 0.20-0.60 5% 35% | 0.010-0.030 0.070-0.210 0.175 | Cs,Co
Other 1 0.10-0.30 5% 35% | 0.005-0.015 0.035-0.105 0.075 | C5,C6
4 Huizinga max damage costs (euros per kilometre) are obtained by multiplying the costs per square metre with typical road widths per road type (Table S4).
b a¢” refers to a sophisticated road with accessories such as street lighting and electronic signalling; “'si” refers to a simple road without accessories.

¢ For accessories roads: 50 %100 % of the construction cost range; for simple roads: 0 %-50 % of the construction cost range.
4 Huizinga max damage is to be combined with the Huizinga damage function, not C1-C6.

Webinar 1: Climate Change Impacts and Adaptation for Transport Networks
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Vulnerability functions
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Repair costs as a
percentage of
construction costs, per
hazard, per asset type
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Damage calculation

Nueva Ecija Exposure of Provincial From Vulnerability Table:
s Roads a":‘l:' B:"‘:'QE l:g S Years ) - Cost of Provincial Paved Road: 14,000 pesos/m
s e N - Vulnerability for flood depth > 1.5m = 122%

Provincial Road Exposed "/ Damage (for stretch)
Not Exposed P TR N ' > 14,000 pesos/m™* 122% * 500m =
Identity_provincial_Syear_flood \ 2% ) 8,540,000

Low (<0.5m) L-)\

Medium (<0.5m - 1.5m)
=== High (>1.5m)
National Road L
Barangay Road
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Resilience functions

Functionality

High resilience

\

Time

Estimated duration

Flood
hazard

<0.5

0.5m-1.5m

>1.5m

< 2 hours

2 hours — day
day — week

> week

< 2 hours

2 hours — day
day — week

> week

< 2 hours

2 hours — day
day — week

> week

X

X

X

X

X
X

X
X
X X
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Use of resilience functions - criticality assessment

Origin

What defines crjticality?

It IS a measure 0]

Disru'pti &PB?rtunitiﬁ future

corridor Potential lo
Strategic fung
New develop
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Example results of use of all steps to assess resilience
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Prioritization of risk
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EAD + EAL - prioritization
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Pyramid

Self actualization

RESIE
also for the
future

Esteem

Reliable use under stress
Convenience for entire area
Maximizing opportunities in
surroundings

Social acceptance

Safety needs

Primary needs

Reliable use under normal conditions
Convenience for the road user while
minimizing negative impact for surroundings

Safe use of infrastructure

Infrastructure for catalyzing welfare
Enabling transport of people and goods from A to B
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Dealing with uncertainties

Importance of integrating climate risk
assessment into infrastructure design
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Apr-Sept precipitation Western Balkan

Status quo and looking towards an uncertain future
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What iIs climate change?

Temperature
(a) Increase in mean

Fewer cold extremes More hot extremes

id Average Hot

Temperature
(b) Increase in variance _---.

More cold extremes More hot extremes

old Average

Temperature
(c) Increase in mean and variance

More/Fewer cold extrern'és More hot extremes

Cold Average Hot

Change in the statistics

Averages
Extremes
Or both

Webinar 1: Climate Change Impacts and Adaptation for Transport Networks
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Uncertainty in climate change adaptation




Use of climate models

Global average surface temperature chgnge

Mean over
2081-2100

RCP26 D
RCP4.5
RCP86.0
RCP8.5

1950 2000 2050 2100

Webinar 1: Climate Change Impacts and Adaptation for Transport Networks
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Do not trust in the results of only one climate projection 40
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How to include climate change In resilience assessment

« Change hazard maps
— Provides the best results
— Time consuming
— Data often unavailable

« Change likelihood / return period
— And keep impact the same
— Keep the available hazard maps and change the return period

Deltares
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Considering climate change

Impact

Likelihood

Deltares

Seminar on Resilience Applications in Transportation
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Considering climate change

Impact

Likelihood

Deltares

Seminar on Resilience Applications in Transportation
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KNMI Statistics — 2 hour shower

Select proper precipitation regime

hoeveelheden 2014

GL GH
2014/2050-

lower low centr upp low centr upp
0,5 15 15 15 15 14 15 15
1 19 19 20 20 19 19 20
2 24 24 24 25 23 24 25
5 30 30 31 32 30 31 32
35 37 38 35 36 38
20 41 41 43 44 40 42 45
25 43 43 45 46 42 44 47
50 49 49 51 53 48 51 53
100 56 56 58 60 54 57 61
200 63 62 65 68 61 65 68
500 73 72 76 79 71 75 79
1000 81 80 84 87 78 83 88
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Deltares

2050
wL

2050- 2050-

centr upp low centr upp lower upper
16 16 14 15 16 14 16
20 22 18 20 21 18 22
26 27 23 25 27 23 27
33 35 30 32 35 30 35
39 42 35 38 42 35 42
45 48 41 45 49 40 49
47 51 43 47 51 42 51
54 58 49 54 59 48 59
61 66 55 61 67 54 67
69 74 62 69 75 61 75
79 86 72 80 88 71 88
88 96 80 89 98 78 98

probability of extreme weather:
* Current 1:10 years

* Future 1:5 years

‘probability’ increases by factor: 2
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Climate change - risk changes

Current risk for road Future risk for road
4 4
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O 3 O 3
3 3 e
= & > 1 @
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S ; 2 3012; @ i S ') 5 é%
5 B @ L
1 1
1 2 3 4 1 2 3
likelihood likelihood
Deltares
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Decision making under (deep) uncertainty

Adaptation Pathways Map

Adaptation pathways
illustrate different
possible sequences
of investment
decisions.

MCA scorecard can be
used to evaluate the
pathways and potential
decisions.

Deltares

Action A* | Time horizon 50 years
Time horizon 100 years
Pathway Costs Benefits Co-benefits
Current
situation 1 O Tt + 0
ACtIOn C 2 o +4+4+++ 0 0
. 3 +++ 0 0
Action D (o
' _ - 4 o +++ 0 0
Changing conditions
) A . > s O 0 0
_ 0o 10 70 8 90 100 6 OO ++ o
Time low-end scenario s 0
' : N\ — : : > 70
Time high-end scenario 10 70 80 geears 100 8 80 ¥ * —
9 ++ +
o Transfer station to new policy action Pathways that are not necessary in low-end scenario
l Adaptation Tipping Point of a policy action (Terminal)
emm»  Policy action effective
A ecision node Multiple time-axes display

uncertainty in moment of ATP

* single action or portfolio of actions

Costs and benefits of pathways

| Time horizon 20 years

Haasnoot et al. (2012). Clim. Change.; Haasnoot et al. (2013) Glob. Env. Change.

10.1016/).gloenvcha.2012.12.006
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Example river crossings

Fnlarging capacity of existing bridges by design

realization of upstream water retention

Current situation

higher elevation of the road

Floodable road in combination with traffic plans

verandering in neerslag (%)

0 50 10,0 150 20,0 250 30,0 350 40,0 45
G L centre [T T T T T T 1711
- 2010 2040 2080
[ [ [ [ [ [ [ [ [
W_H upper 2010 2030 2040 2050 2060 2070 2080  20¢

Map generated with Pathways Generator, @2015, Deltares, Carthago Consultancy
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Contact

A www.deltares.nl in linkedin.com/thomas-bles

X Thomas.Bles@deltares.nl




